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1. The firm matrix of Hi-Rez beads re
sists deformation, maintaining better flow 
at less pressure and greatly increasing res
in surface area exposed to the fluid.

2. Conventional resin beads deform eas
ily, flattening against each other, decreas
ing flow and masking much active surface 
area.

3. The usual resin containing "fines" 
further compounds the problem by ob
structing flow, raising pressure thus fur-

FASTER ANALYSES* ' T ~  ^

w i t h  y o u r  A m i n o  A c i d  A n a l y z e r  ’  m  »  *  *  4

a n d  H i * K » x  r e s i n  # ■  m f t  m

. . .  w i t h  a  l o t  l e s s  s t r a i n ! * *  *  *  *  «

'Tests  show an increase o f 50% to 
300% more analyses from  sim ply re- 
placing present resins w ith  Hi-Rez.
A lth o u g h  we cannot pred ic t just h o w  

m u c h  you r instrum ent perform ance 
w ill im prove, we can d e fin ite ly  say

tha t it  w i l l  i m p r o v e  s i g n i f i c a n t ly  o r $*'/ « I B « 3 1 ^ ' /
you may re tu rn  the resin if  you are ■ * " '  ■ * - "  " T  [ ® *  m m X - V y

not satisified w ith in  30 days. —

Back pressures are considerably
lowered. The accelerated rates o f V M 'A t- - - - ,  , nurr^n n
analysis tha t we have indicated w ill re
qu ire  back pressures o f less than 200
lbs fo r  long co lum ns and w ill give ex- i  ^
ce llen t f lo w  rates at abou t 150 lbs. . W s r  *  \  4 l l ,J L « y l K

That leaves one very im p o rta n t q u e s tio n -h o w  about resolution? H i-Rez resins al- ^  #  #
low  much higher reso lution than is possible w ith  conventiona l resins; th a t's  w h y  we 9  *

named them  Hi-Rez and you w ill be pleased by the w ay the y  live up to  th e ir  name. * ^ &  &

Y o u r present analyzer is capable o f pe rfo rm ing  a physio log ical f lu id s  analysis in jus t ®  ^  #
six to  seven hours; w ith  jus t one co lum n it  can analyze a pro te in  hyd ro lysa te  in ju s t - v  # .  ^  ' if f
three hours! (We have a sim ple m o d ifica tio n  th a t can convert y o u r system to  a sin- ^  9  ' *  *t'
gle co lum n if  you prefer the s im p lic ity  and advantages o f such a system.) 9  '  %■ m

fc ; A '
Y ou can operate yo u r analyzer overn ight o r week-ends w ith o u t fear o f  leaking gas- #  < P ‘ 1 ♦
kets o r rup tu red  tub ing . O f course y o u r everyday m aintenance w ill be eased and n
sm ooth opera tion  assured fo r  long periods w ith  less strain on y o u r in s tru m en t and -*• ' B H r 3 1 I  ■ *  ‘ *

no precious samples lost fro m  high pressure accidents. *  _ *
l y i - w . '  • ... * ‘4

Hi-Rez resins are described in ou r new 1970 "A M A C  H A N D B O O K ", w h ich  is load- . #  &  ^

ed w ith  in fo rm a tio n  and references to  m ethods and reagents fo r  am ino acid and pro- ♦  . *  *
te in  chem istry. I f  you haven 't received y o u r copy, w rite  fo r  i t — tod ay. #  * *  .

»  1 * r w H  f
The p rinc ip le  o f Hi-Rez f irm  m a trix  beads and com parison w ith  conven tiona l resins # #
is illustra ted  in the draw ings to  the rig h t. .. _  %  ¿||j§

_____________ ________________________________________________  *

i  " 1  I  P IE R C E  C H E M IC A L  C O M P A N Y ^  J  *
L  . J  P .O . B o x  117 R o c k fo rd , I l l in o is  61105 U .S .A . M |  #

PHONE 8 1 5 / 9 68- 0747_________TWX 9 1 0 - 6 3 1 - 3 41 9 J  ^  ^
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REYNOLD C. FUSON

J u n e  1, 1970, is the 75th birthday of career for which no formal awards exist and which
Reynold C. Fuson. Over 300 scientific publications demonstrate that he is interested in chemists as well as
dealing with such subjects as vinylogy, hindered car- in chemistry.
bony] compounds, stable enediols, stable vinyl alco- One is the unique relationship he has had with those 
hols, and aromatic nucleophilic substitution reactions who studied with him. He supervised the research
attest to his knack of finding unexpected reactions and of 14 postdoctoral fellows, 154 Ph.D. candidates, 37
relating them within a rational system. Four text- M.S. candidates, and 71 seniors and he taught thou-
books, designed for particular needs, record his devo- sands of others by lectures and by personal contact,
tion to instruction in organic chemistry. The high While he did all that an excellent research director and
esteem of his fellow scientists is shown by many honors a polished lecturer could do, he did more than that;
and responsibilities, such as membership in the Na- he was the mentor of his students during and after
tional Academy of Sciences, the Nichols Medal, their studies with him. The loyalty, respect, and af-
honorary degrees from the Universities of Illinois and fection of his students continue throughout their
Montana, the Manufacturing Chemists Association careers.
College Chemistry Teachers Award, the University of The other is the gratitude and admiration of those 
Minnesota Achievement Award, the John R. Kuebler who, while they did not do research with him, have
Award of Alpha Chi Sigma, membership on the Edi- learned from him from conversations, from his writ-
torial Board of Organic Syntheses, and Associate Edi- ings, and from his example.
torship of the Journal of the American Chemical So- It is a small expression of great appreciation when 
ciety. we say

For this tribute we wish to stress two aspects of his Happy Birthday to Reynold C. Fuson
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Dieyanoacetylene reacts with triphenylphosphine oxide in a reverse Wittig reaction to give triphenylphos- 
phoranylideneoxalacetonitrile (1). The reaction is reversible. The analogous reaction with triphenylarsine 
oxide proceeds much more readily and is not, as in the case of the phosphine oxide, limited to dieyanoacetylene.
Adducts of triphenylarsine oxide with methyl propiolate, dimethyl acetylenedicarboxylate, ethyl phenylpropio- 
late, and hexafluoro-2-butyne have been obtained.

One of the driving forces of the Wittig reaction2 is the S c h e m e  I
formation of the highly stable phosphorus-oxygenbond.8 +
Consequently, reverse Wittig reactions where a P - 0  Ph3PGH2CN Cl
bond is broken are rare.4 We have investigated the 3 rocococi /COCOOR
reaction of some highly electrophilic acetylenes with |Et3N /  ^  Ph3P = C ^
triphenylphosphine oxide as well as with triphenyl- __ _CN
arsine oxide to determine whether reverse Wittig re- CHCN 4a, R -M e
actions might be observable in these systems. An 2 b ,R = E t
analogy was available in the reaction of activated |cckcn)2.. |n h 3

acetylenes5 and benzyne6 with dimethyl sulfoxide. On COCN rnrONff
the other hand, pyrolysis of a number of acylphospho- ph p = c /  +_______ ph p= c ^  ' A h
ranes has been shown to give triphenylphosphine oxide 3 ^CN
and acetylenes by an intramolecular Wittig reaction.7 1 5

Results and Discussion (Scheme I). Acylation of triphenylphosphoranylidene-
Dicyanoacetylene reacted with triphenylphosphine acetonitrile (2) with methyl or ethyl chloroglyoxylate 

oxide in benzene at 160° to give triphenylphosphoranyl- in the presence of triethylamine gavé the triphenyl- 
ideneoxalacetonitrile (1) in 78%  yield. The structure phosphoranylidenecyanopyruvates (4). Cyanomethyl-
of 1 was ascertained by an unambiguous synthesis triphenylphosphonium chloride (3) could be used in

place of 2, the latter presumably being formed first by 
NC C=C CN _t_>_ the action of excess triethylamine. Reaction of 4b with

Nc C=C CN + Ph3PO =<=£ ^  p ^ ammonia gave the amide 5, which on dehydration fur-
+ nished triphenylphosphoranylideneoxalacetonitrile (1).

NC— C=C— CN __ /C N  This phosphorane was also obtained, in low yield, by
^ :i=t direct cyanoacylation of 2 with carbonyl cyanide.8

______________  1 (S) E . Winterfeld, Chem. Ber., 98, 1518 (1965); E . Winterfeld and H. J .
(1) E . Ciganek, J .  Org. Chem., 34, 1923 (1969). Dillinger, ibid., 99, 1558 (1966).
(2) A. Maercker, Org. React., 14, 270 (1965); A. W. Johnson, “ Ylid (6) R . Kise, T . Asari, N. Furukawa, and S. Oae, Chem. Ind. (London),

Chemistry," Academic Press, New York, N. Y ., 1966. 276 (1967); H, H. Szmant and S. Vazquez, ibid., 1000 (1967); R . Gompper,
(3) The dissociation energy of the P —O bond is 130-140 keal/mol: S. B . E . Kutter, and G. Seyboîd, Chem. Ber., 101, 2340 (1968).

Hartley, W. S. Holmes, J .  K . Jacques, M . F . Mole, and J .  C. McCoubrey, (7) S. Trippett and D. M. Walker, J .  Chem. Soc., 3874 (1959); S. T . D.
Quart. Rev. Chem. Soc., 17, 204 (1963). Gough and S. Trippett, Proc. Chem. Soc. (London), 302 (1961); G. Markl,

(4) One such example is the reaction of certain phospholene 1-oxides with Chem. Ber., 94, 3005 (1961); R . Filler and E . W. Heffern, J .  Org. Chem.,
isocyanates: T . W. Campbell, J .  J .  Monagle, and V. S. Foldi, J .  Amer. 32, 3249 (1967).
Chem. Soc., 84 , 3673 (1962); J .  J .  Monagle, T . W. Campbell, and H. F . (8) Carbonyl cyanide frequently reacts like an acid halide; for a review
McShane, Jr ., ibid., 84, 4288 (1962); J .  J. Monagle, J .  Org. Chem., 27, 3851 see E. Ciganek, W. J .  Linn, and O. W. Webster, "Chemistry of the Cyano 
(1962). Group," Z. Rappoport, Ed., Interscience Publishers, London, 1970, Chapter 9.
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Acylation of phosphoranes with alkyl chloroglyoxylates Scheme II
does not appear to have been reported before. Al- ph As0 + R1__c _ c__ Rz
though we have demonstrated such an acylation with
only two phosphoranes (2 and ethyl triphenylphos- S  *
phoranylideneacetate), it probably is a generally ap- + +
plicable reaction. The phosphoranes 1, 4, and 5 are Ph3As 0  Ph3As 0
“resonance-stabilized” ylides2 and thus are stable to RI__ q= q___R2 R2__ c = C __ Rl
oxygen and water at room temperature; I could not g g
be alkylated with methyl iodide at 160°, nor did it .
react with benzaldehyde at that temperature. On j  1
pyrolysis at 300°, the phosphorane 1 reverted to tri- Ph3As— 0 Ph3As— 0
phenylphosphine oxide and dicyanoacetylene; the j j j |
latter was isolated in 40%  yield. Under analogous R1— C = C  IP R2 C = C  R1
conditions, the phosphorane 4a gave methyl cyano- I I
propiolate (6) in very low yield in addition to methanol ’ 5

^COR2 ^COR1
COCOOMe _Ph P0 Ph3A s = C  Ph3A s = C

Ph3P = C ^  N C - C ^ C — COOMe —  „ R , R'
CN 6 10 11

4a a, R: = COOMe; R2 = H d,R1 = R2 = CF3
N c b, R1 = COOEt; R2 = Ph e, R> = R2 = CN

V ^ C O O M e c’ R1 = R2 =  COOMe

I 1 piolate adduct 10a shows a one-proton singlet at r
0.16 due to the aldehyde proton (R 2); the correspond- 

7 ing proton (R 2) in 11a should absorb at considerably
higher field.9 Furthermore, the infrared spectrum of 

and other unidentified products. The ester 6 was 10a shows no band at 1740 cm“ 1, characteristic of an
identified by its spectral properties and conversion to alkoxycarbonyl group in a position to a keto function,
the anthracene adduct 7. These reactions are further This band is present in 10c as well as in the related
examples of the formation of acetylenes by pyrolysis of phosphoranes 4a and 4b. The ketone band in the ylides
acylphosphoranes.7 10 occurred at 1530-1600 cm-1, depending on the

The reaction with triphenylphosphine oxide could not substituents. In the infrared spectrum of the ethyl
be extended to other negatively substituted acetylenes. phenylpropiolate adduct 10b, the band at 1740 c m '1
Thus, no adducts of type 1 could be obtained on treat- again is absent. The observed selectivity is readily
ing triphenylphosphine oxide with hexafluoro-2-butyne rationalized on the basis of the mechanism shown in
(160°), cyanoacetylene (160°), and dimethyl acetylene- Scheme II. The alkoxycarbonyl group in the initially
dicarboxylate (120 and 200 ). Generation of benzyne formed zwitterion 8 provides better stabilization for
in the presence of triphenylphosphine oxide similarly the negative charge than does hydrogen and phenyl,
failed to give a 1:1 adduct. However, when triphenyl- respectively, in the alternate intermediate 9.
arsine oxide was used instead of the phosphine oxide, Only triphenylarsine (42% yield) was isolated from 
methyl propiolate, ethyl phenylpropiolate, dimethyl the reaction of triphenylarsine oxide with cyano-
acetylenedicarboxylate, and hexafluoro-2-butyne, as acetylene at 60°. Similarly, no adduct could be iso
well as dicyanoacetylene, reacted readily to give the lated when benzyne was generated in the presence of
arsenic analogs 10 (Scheme II). The reaction tempera- triphenylarsine oxide.
tures required ranged from —70° in the case of di- The ylide 10c, in addition to dimethyl fumarate, has 
cyanoacetylene to + 1 3 0  in the case of ethyl phenyl- previously been obtained from the reaction of triphenyl- 
propiolate. _ arsine with dimethyl acetylenedicarboxylate,10 and a

The structure of the dimethyl acetylenedicarboxylate mechanism involving fragmentation of an intermediate
adduct 10c was proved by independent synthesis from f : 2 adduct was proposed. In view of our results it is
methoxycarbonylmethylenetriphenylarsenic (12) and likely that 10c arose instead from reaction of the diester

EtsN with triphenylarsine oxide, the latter having been
Ph3As==CHCOOMe +  CICOCOOMe — > formed by hydrolysis of the 1 : 1 adduct 13. The pres-

12 ence of water was reported10 to be essential for the
^COCOOMe success of the reaction.

Ph3A s= C  MeOOa COOMe H 0
COOMe MeOOCC=CCOOMe +  Ph3As — »• > = ^

, „ Ph, Asl°c + 13

methyl chloroglyoxylate. In principle, two isomeric Ph3AsO + MeOOCCH=CHCOOMe
arsenic ylides could be formed in reactions involving , .
unsymmetrically substituted acetylenes. With both observation that triphenylarsine oxide reacts
methyl propiolate and ethyl phenylpropiolate, one much more readily with activated acetylenes than does
isomer was formed to the virtual exclusion of the other. (9) The singlet due to the methylene proton in methoxycarbonylmethy-
The structures of the adducts 10a and 10b were assigned lenetriphenylarseme (W) occurs at r 6.8 (in CDC1.).

, v v ♦ o j i i rm  t (10) J .  B . Hendrickson, R . E. Spenger, and J .  J .  Sims, Tetrahedron, 19.
on the basis ot spectral evidence. The methyl pro- 707 <is>63).

1726 J . O rg . C h em ., V o l. 35, N o . 6 , 1970 Ciganek



its  phosphorus analog is p ro b ab ly  a consequence of th e  temperature for 1 hr, the solvent was removed, and the residue
low er bond dissociation  en ergy of th e  arsen ic-oxygen  was was4ied well with water and dried. Crystallization from 70
b on d 11 com pared w ith  th a t  of th e  ph osph o ru s-o xygen  ml acetonitrile gave 22 25 g (66%) of ethyl triphenylphosphor-
, J ixi_ i . i l .  l x -  x 1.-1 -X- ix i  1 1 anyhdenecyanopyruvate (4 b) as pale yellow crystals. An analy-
bond, a lth ou gh  th e re lativ e  sta b ilities of th e  phosphorus ticai sampie was prepared by recrystallization from acetonitrile,
y lid e s 1 and 4  and of their arsenic analogs 10 m ay also The melting point of both samples was 192° in one determination
p la y  a part. A  p ertin en t ob servation  is th a t  trip h en yl- and 215-216° in a second determination. When a fairly large
arsine oxide tran sfers its  o xygen  to  trip h en yl- sample was introduced into the bath at 205°, it melted im-

u- 19 /~v xl xi_ j  x- j  mediately and then resolidified. The infrared spectrum of the
phosphin e.12 O n th e oth er hand, no reaction  occurred resolidified product; taken immediately, was essentially that of

1 0 5 ° the product before heating, with small differences in the C-H
Ph3AsO +  Ph3P ------- >■  Ph3As +  PhsPO out-of-plane vibration region: nmr (CDC13) 2.2-2.6 (m, 15),

CH2Cl! 5.67 (q, 2, J  = 7 Hz), and 8.65 (t, 3, /  = 7 Hz); uv max (MeCN)
between triphenylphosphine and the arsenic ylide 10e a t 268 (7400)> and 225 (26,000);
n n o  , - : ■ i , • . ,  , ,, ir (KBr) 2190, 1730, and 1590 c m '1, among others.
1 1 0 ,  nor b etw een  tn p h en ylarsin e  oxide and th e  Anal. Calcd for C 2,H20NO3P: C .7 1 .8 1; H, 5.02; N, 3.49; 
phosphorus y lid e  1 under sim ilar conditions. P, 7.72. Found: C, 71.57; H, 5.15; N, 3.64; P, 7.79.

Triphenylstibine oxide reacted at room temperature Diethyl Triphenylphosphoranylideneoxalacetate.— A solution
with dicyanoacetylene, but no pure products could be °f 5-40 § l8®-® mmol) of ethyl chloroglyoxylate (Eastman White
isolated. Reaction with methyl propiolate at 1 1 5 °  Label) ;« 20 ml of acetonitrile was added to a suspension of 15.12

,, , , , ' i x -  a Am • i i xi xi g (39 -8 mmol) of ethyl tnphenylphosphoranylideneacetate (Al-
gave methyl phenylpropiolate m  4 0 %  yield; the other drich chemical Co.) in 5.30 g (52.7mmol) of triethylamineand
products were not identified. Elucidation of the mecha- 100 ml of acetonitrile, and the product was isolated as described
nisrn of this curious phenyl transfer reaction awaits for the preparation of ethyl triphenylphosphoranylidenecyano-
further study. pyruvate. There was obtained 19.20 g of a viscous oil which

crystallized partially on standing at room temperature for 2 days. 
Part of this material (18.11 g) was dissolved in 50 ml of hot ethyl 

Experimental Section acetate; the cooled solution, after being seeded with a crystal of
the product, was allowed to stand at room temperature for 3

Triphenylphosphoranylideneoxalacetonitrile (1) from Dicyano- days. The crystals were collected by filtration and washed with
acetylene and Triphenylphosphine Oxide.— A mixture of 5.73 g ethyl acetate, giving 12.50 g (66% yield) of diethyl triphenyl-
(20.6 mmol) of triphenylphosphine oxide, 1.974 g (20.6 mmol) of phosphoranylideneoxalacetate, mp 135-136°. An analytical
dicyanoacetylene,13 and 30 ml of benzene, contained in a sealed sample, prepared by two recrystallizations from ethyl acetate,
Carius tube, was heated to 160° for 12 hr. The product was had mp 136.5-137°: nmr (CDC13) t 2.1-2.7 (m, 15), 5.70 (q, 2,
passed through 120 g of Florisil. Elution with 1000 ml of methy- J  = 7 Hz), 6.16 (q, 2, /  = 7 Hz), 8.67 (t, 3, /  = 7 Hz), and
lene chloride-tetrahydrofuran (98:2) gave 6.09 g of yellow crys- 9.23 (t, 3, J  = 7 Hz); uv max (MeCN) 256 mM (e 11,000), and
tals which on crystallization from 30 ml of acetonitrile gave 4.69 225 (sh, 29,000).
g of triphenylphosphoranylideneoxalacetonitrile (1) as yellow Anal. Calcd for CseHjsOsP: C, 69.64; H, 5.62; P, 6.91. 
crystals, mp 222-223°. Removal of the solvent from the mother Found: C, 69.45; H, 5.65; P, 7.15.
liquor and crystallization of the residue from 8 ml of acetonitrile Triphenylphosphoranylidenecyanopyruvamide (5).— In a 400-
gave an additional 0.97 g of product. The combined yield was ml shaker tube were placed 10.15 g (25.3 mmol) of ethyl tri-
5.66 g (78%): uv max (MeCN) 300 m/i (e 7900), 275 (7800), phenylphosphoranylidenecyanopyruvate (4b) and 100 ml of
268 (7400), and 225 (sh, 26,000); ir (KBr) 3070, 2190, 1600 tetrahydrofuran. Ammonia (28 g, 1.65 mol) was added, and
(vs), 760 (doublet), and 690 cm -1, among others. the tube was heated to 90° for 6 hr. The solvent was removed,

Anal. Calcd for C22H15N 2OP: C, 74.58; H, 4.27; N, 7.90; the residue was dissolved in 150 ml of boiling acetonitrile, and
P, 8.74. Found: C, 74.75; H, 4.22; N , 8.05; P, 8.72. the hot solution was filtered. On cooling, 5.87 g of triphenyl-

Methyl Triphenylphosphoranylidenecyanopyruvate (4a).— To a phosphoranylidenecyanopyruvamide (5) was obtained as tan
mixture of 100 g (0.30 mol) of cyanomethyltriphenylphosphonium crystals, mp 264° dec. The mother liquor, on standing for 3
chloride,14100 g (1.00 mol) of triethylamine, and 800 ml of methy- days, deposited another 0.30 g of product. The combined yield
lene chloride was added, with mechanical stirring, during 30 min, was 6.17 g (66%). Two crystallizations from acetonitrile gave
a solution of 37 g (0.30 mol) of methyl chloroglyoxylate,16 the an almost colorless analytical sample, mp 266° dec: uv max
temperature was kept at -6 0 °. The mixture was allowed to (MeCN) 304 mM (« 6100), 275 (5700), 268 (5400), and 225 (sh,
warm to 0°, ice and water were added, the layers were separated, 28,000); ir (KBr) 3410, 3280, 3160, 2180, 1695, 1600, and 1550 
and the organic phase was washed with water and concentrated cm-1, among others.
sodium chloride solution and dried (MgSO,). Removal of the Anal. Calcd for C22Hi7N202P: C, 70.96; H, 4.60. Found: 
solvent and crystallization of the residue from 200 ml of aceto- C , 71.00; H, 4.83.
nitrile gave 69.5 g (60%) of methyl triphenylphosphoranylidene- Dehydration of Triphenylphosphoranylidenecyanopyruvamide.
cyanopyruvate (4a), mp 210-211°, as pale yellow crystals. An — A mixture of 575 mg of triphenylphosphoranylidenecyano-
analyticai sample (MeCN) had mp 211-212°: uv max (MeCN) pyruvamide, 890 mg of phosphorus pentoxide, and 20 ml of
295 m(i (sh, e 450), 274 (7000), 268 (3700), and 222 (sh, 27,500); acetonitrile was heated under reflux for 2 hr, cooled, and poured
ir (KBr) 2200, 1740, and 1600 (vs) cm“ 1, among others; nmr into 50 ml of 10% sodium bicarbonate solution. The product was
(CDC13) r 2.2-2.6 (m, 15, Ph) and 6.2 (s, 3, COOMe). extracted with methylene chloride; the extracts were washed with

Anal. Calcd for C23HisN03P: C, 71.31; H, 4.69; N, 3.62. water and dried. Removal of the solvent and chromatography
Found: C, 70.86; H, 4.64; N , 3.70. of the residue over Florisil gave 78 mg (14%) of triphenyl-

Ethyl Triphenylphosphoranylidenecyanopyruvate (4b).— To a phosphoranylideneoxalacetonitrile (1), eluted with methylene
stirred suspension of 25.62Ig (85 mmol) of triphenylphosphoranyl- chloride-tetrahydrofuran (98:2) and identified by comparison
ideneacetonitrile16 in a mixture of 13.0 g (0.13 mol) of triethyl- 0f its infrared spectrum with that of the product obtained in the
amine and 200 ml of acetonitrile was added, at 5°, over a period reaction of dicyanoacetylene with triphenylphosphine oxide,
of 30 min, a solution of ethyl chloroglyoxylate (Eastman White Reaction of Triphenylphosphoranylideneacetonitrile with Car- 
Label) in 50 ml of acetonitrile. The mixture was stirred at room bonyl Cyanide.— A solution of 705 mg (8.8 mmol) of carbonyl
---------------- cyanide17 in 10 ml of acetic acid was added, over 30 min, to a

(11) F. S. Dainton, Trans. Faraday See., 43, 244 (1947). solution of 2.675 g (8.9 mmol) of triphenylphosphoranylidene-
(12) A carbon analog of this reaction has been observed in the interaction acetonitrile16 in 35 ml of acetic acid. The temperature was kept

Of methylenetrimethylarsenic with trimethyiphosphine to give trimethyl- below 2o°. The solution was concentrated to dryness at room
arsine and trimethylphosphinemethylene: H. Schmidbauer and W. Tronich, temperature, giving 3.52 g of a black viscous oil. Chromatog-

"(13) e !  CigaU  and C. G. Krespan, J. Org. Chem., 33, 541 (1968). raPhy ° f 1 -036 8 ° f thlS Product 0Ver 30 8 ° f FloriSl1 Save 35
(14) G. Wittig and H. Pommer, German Patent 943,648; Chem. Abstr., ____________

52, 16292 (1958).
(15) S. J. Rhoads and R. E. Michel, J . Amer. Chem. Soc., 85, 585 (1963). (17) W. J. Linn, R. E. Benson, and O. W. Webster, J .  Amer. Chem. Soc.,
(16) G. P. Schiemenz and H. Engelhard, Chem. Ber., 94, 578 (1961). 87, 3651 (1965).  ̂ *

M a w «  muQvitnfnflni

Negatively Substituted Acetylenes J . O rg. C h em ., V o l . 35, N o . 6 , 1970 1727



(4 %  yield) of triphenylphosphoranylideneoxalacetonitrile (1 ), among others; nmr (C D C I3) r 2.2-2.7 (m, 15, Ph), 6 . 1  (s, 3, 
eluted with methylene chloride-tetrahydrofuran (98:2) and COOMe), and 6.7 (s, 3, COOMe).
identified by its infrared spectrum. Anal. Calcd for ^HRiAsOs: C, 62.08; H, 4.56. Found: C,

Pyrolysis of Triphenylphosphoranylideneoxalacetonitrile (1).—  62.38; H, 4.63.
A flask containing 943 mg of triphenylphosphoranylideneoxalace- Preparation of [(Methoxycarbonyl)(methoxyoxalyl)methylene)- 
tonitrile (1) and 13 g of sand was connected to a vertical quartz triphenylarsenic (10c) from (Methoxycarbonylmethylene)tri-
tube, filled with pieces of quartz tube, 0.5 cm in diameter and phenylarsenic and Methyl Chloroglyoxylate.— A solution of 0.69 g
0.5 cm in length. The upper end of the tube was connected to a of methyl chloroglyoxylate16 in 3 ml of anhydrous acetonitrile was
trap cooled with liquid nitrogen. The tube was heated to 300°. added over 10 min, to a stirred, cooled (ice bath) suspension of
The flask was immersed in an air bath, evacuated to 0.1-mm pres- 2.00 g of (methoxycarbonylmethylene)triphenylarsenic18 in 15
sure, and heated slowly, over 5.5 hr, to 280°. The trap contained ml of acetonitrile and 4 ml of triethylamine. The mixture was
83 mg (40% yield) of dicyanoacetylene, identified by its infrared stirred at room temperature for 1  hr and then concentrated to
spectrum. The sublimate at the top of the column weighed 669 dryness. The residue was taken up in methylene chloride-water,
mg; its infrared spectrum was mostly that of triphenylphosphine the layers were separated, and the aqueous phase was extracted
oxide with additional bands due to unreacted starting material. with methylene chloride. The combined organic phases were 

Pyrolysis of methyl triphenylphosphoranylidenecyanopyruvate washed with water and concentrated sodium chloride solution
(4a) (30 g, mixed with 30 g of sand) was carried out as described and dried. Removal of the solvent gave 2.05 g of a tan solid,
for the pyrolysis of triphenylphosphoranylideneoxalacetonitrile Crystallization from acetonitrile gave 1.60 g (65% yield) of
(above). The nmr spectrum of the contents of the liquid nitrogen [(methoxycarbonyl)(methoxyoxalyl)methylene]triphenylarsenic
trap (0 . 9 5  g) showed the presence of methanol and other com- (1 0 c), identical in melting point and infrared spectrum with the
pounds in addition to methyl cyanopropiolate (COOMe at r  6.1, sample prepared from triphenylarsine oxide and dimethyl
neat); ir (neat) 2180 and 1740 cm-1, among others. A mixture acetylenedicarboxylate (see above).
of 0.68 g of the pyrolysate, 2.20 g of anthracene, and 8  ml of Reaction of Triphenylarsine Oxide with Dicyanoacetylene.—
methylene chloride, contained in a sealed Carius tube, was To a suspension of 2.23 g of triphenylarsine oxide in 30 ml of
heated to 110° for 6  hr. The solvent was removed from the toluene was added, with stirring, at —70°, under nitrogen, during
cooled, filtered solution, and the residue (1.21 g) was chromato- 15 min, a solution of 0.57 g of dicyanoacetylene13 in 5 ml of tolu-
graphed on 30 g of Florisil. Unreacted anthracene was eluted ene. The mixture was stirred at —70° for 4 hr and then allowed
with hexane-benzene (4:1); the fraction eluted with methylene to come to room temperature overnight. The solid obtained on
chloride was crystallized from acetonitrile to give 560 mg (3% removal of the solvent was chromatographed on 80 g of Florisil. 
based on methyl triphenylphosphoranylidenecyanopyruvate) of Elution with benzene-hexane (1:1) gave 33 mg of triphenyl-
methyl 12-cyano-9,10-dihydro-9,10-ethenoanthracene-ll-carbox- arsine. Elution with methylene chloride-tetrahydrofuran (9:1)
ylate, mp 229-230°, unchanged on further recrystallization: gave 1.69 g of a solid which on crystallization from methyl ethyl
uv max (MeCN) 310 m^ (sh, 600), 228 (9400), and 213 (46,500); ketone gave 1.08 g of [(cyano)(cyanocarbonyl)methylene]tri-
ir (KBr) 2220, 1710, and 1610 cm-1, among others; nmr r  phenylarsenic (lOe), mp 216-217°. Another 0.40 g of the product,
2.5-3.0 (m, 8 , aromatic H), 4.2 (s, 1, bridgehead), 4.6 (s, 1, mp 216-217°, was obtained by removal of the solvent from the
bridgehead), and 6 . 2  (s, 3, COOMe). mother liquors and crystallization of the residue from methyl

Anal. Calcd for Ci9H13N 02: C, 79.43; H, 4.56; N, 4.88. ethyl ketone: combined yield 1.48 g, 54%; uv max (MeCN) 
Found: C, 79.19; H, 4.50; N, 5.13. 297 m^ (e 7900), 270 (6400), 264 (5900), and 220 (sh, 28,400);

Triphenylarsine Oxide.— To remove the water (present as a ir (KBr) 2190, 1590, and 1575 cm-1, among others, 
hydrate or crystal water) in commercial triphenylarsine oxide, Anal. Calcd for C22H 15ASN2O: C, 66.34; H. 3.80; N, 7.03. 
a 1 0 0 -g sample was heated under reflux with 500 ml of benzene Found: C, 66.34; H, 3.94; N, 7.17.
under a Dean-Stark trap until no more water distilled (ca. 5 hr); Reaction of Triphenylarsine Oxide with Ethyl Phenylpropiolate.
4 ml of water was collected. The arsine oxide initially went into — A mixture of 6.86 g of triphenylarsine oxide and 21.16 g of
solution and then precipitated out. The cooled mixture was ethyl phenylpropiolate (Columbia Organic Chemicals Co.) was
filtered and the solid was dried at 135° (0.1 mm). The sample placed in a Carius tube which was sealed and heated to 130° for
so prepared no longer showed any OH absorption in the infrared 21 hr. The excess ethyl phenylpropiolate was removed by
spectrum; in addition, bands at 1660, 870, 755, and 750 cm-1, shortpath distillation (100° bath temperature, 0.1-ju pressure),
present in the original sample, had disappeared. All bands re- The residue was dissolved in 14 ml of hot benzene, 14 ml of
appeared in a sample allowed to stand exposed to the atmosphere cyclohexane was added, and the mixture was allowed to cool
overnight. slowly. The pale yellow crystals were collected by filtration and

Reaction of Triphenylarsine Oxide with Methyl Propiolate.—  washed with cyclohexane-benzene (1:1) to give 9.57 g of [(benzo-
A mixture of 3.47 g of triphenylarsine oxide, 2.67 g of methyl yl)(ethoxycarbonyl)methylene]triphenylarsenic (10b), 90%
propiolate (Columbia Organic Chemicals Co.), and 20 ml of yield), mp 118-125°. Crystallization of 9.09 g of the crude prod-
ethyl acetate was heated under reflux for 65 hr. Removal of the uct from 16 ml of ethyl acetate gave 6.70 g of product, mp 144-
solvent gave 5.00 g of a brown oil. It was redissolved in hot 145°. An analytical sample, obtained by crystallization from
ethyl acetate, the solution was cooled, and the precipitate which ethyl acetate, had mp 145-146°: uv max (MeCN) 285 (sh, e
formed on scratching was collected by filtration, washed with 6400), 270 (7600), 265 (7700), and 220 (35,400); nmr (C D C I3)
ethyl acetate, and dried to give 2.00 g (46% yield) of [(formyl) t 2.1-3.0 (m, 20, Ph), 6.3 (q, 2, CH2), and 9.4 (t, 3, CH3); ir
(methoxycarbonyl)methylene]triphenylarsenic (10a), mp 148- (KBr) 1670 and 1530 cm-1, among others.
149°. A sample recrystallized from ethyl acetate had mp 147- Anal. Calcd for C29H25As0 3 : C, 70.16; II, 5.08. Found: C,
148°: uv max (MeCN) 252 mM (e 13,500); ir (KBr) 2810, 2750, 70.39; H, 5.07.
1650, and 1605 cm-1 among others; nmr (C D C I3) 7-0.16 (s, 1, Reaction of Triphenylarsine Oxide with Hexafluoro-2-butyne.
CHO), 2.3-2.7 (m, 15, Ph), and 6.5 (s, 3, COOMe). — In a Carius tube were placed 10 g of triphenylarsine oxide, 20

Anal. Calcd for C 22Hi9As0 3 : C, 65.04; II, 4.72. Found: C , ml of methylene chloride, and 5 ml of hexafluoro-2-butyne
65.18; II, 4.50. (Columbia Organic Chemicals Co). The tube was sealed under

The nmr spectrum of the mother liquors showed ethyl acetate, vacuum and heated to 50° for 16 hr. Removal of the solvent and
[(formyl)(methoxycarbonyl)methylene]triphenylarsenic, as well crystallization of the residue from 55 ml of isopropyl alcohol
as a singlet at r 1.8 which may have been due to [(methoxyoxalyl)- gave 11.18 g (75% yield) of [(trifluoromethyl)(trifluoroacetyl)- 
methylene]triphenylarsenic. methylene)triphenylarsenic (lOd), mp 157-159°, unchanged by

Reaction of Triphenylarsine Oxide with Dimethyl Acetylene- crystallization from isopropyl alcohol: uv max (MeCN) 270 m/t
dicarboxylate.— A mixture of 3.27 g of triphenylarsine oxide, 3.11 (e 6000), 263 (7200), 258 (7100), 220 (sh, 27,600); ir (KBr) 1570
g of dimethyl acetylenedicarboxylate, 20 ml of ethyl acetate, and cm-1, among others; 19F nmr, two quartets of equal intensities
7 ml of methylene chloride was heated under reflux for 5 min. at +2395 and +3995 cps from external Freon-11, J  = 11.5 cps.
The solvent was then distilled until the boiling point reached 75°. Anal. Calcd for C22Hi6AsF 60: C, 54.57; H, 3.12. Found:
The precipitate obtained on cooling was collected by filtration, C, 54.86; II, 3.20.
washed with ethyl acetate, and dried to give 2.95 g (62% yield) Reaction of Triphenylphosphine with Triphenylarsine Oxide.—
of [ (me thoxy carbonyl) (methoxyoxalyl) methylene] triphenylarse- A mixture of 1.04 g (32.4 mmol) of triphenylarsine oxide, 0.85 g
nic (10c), mp 213-214° dec (lit.10 mp 214°), unchanged by crys- ----------------
tallization from ethyl acetate: UV max (MeCN) 262 m/x (c (1 8) N. A. Nesmeyanov, V. V. Pravdina, and O. A. Reutov, Dokl. Akad.
10,000) and 220 (30,000); ir (KBr) 1740, 1675, and 1550 cm-1, N a u k  S S S B , 155, 1364 (1964).
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(32.4 mmol) of triphenylphosphine, and 2 ml of anhydrous with that of an authentic sample. Elution with tetrahydrofuran- 
methylene chloride was placed in a Carius tube which was then methanol (9:1) gave 0.05 g of triphenylarsine oxide hydrate as
sealed under nitrogen and heated to 105° for 4.5 hr (no reaction indicated by its infrared spectrum.
occurred at room temperature over a period of 3 weeks). The , ht m . , , , , . . , _
infrared spectrum of the crude product indicated the absence of Registry No. Triphenylphosphine oxide, 791-28-6, 
triphenylarsine oxide (within detectability by this method). triphenylarsine oxide, 1153-05-5; 1, 23853-23-8; 4a, 
Chromatography over Florisil and elution with benzene gave 23853-24-9 ; 4b, 23853-25-0; 5, 23853-26-1; 10a,
0.92 g (93%) of triphenylarsine, mp 60-61°, undepressed by 23853-27-2; 10b, 23853-28-3; 10c, 23853-29-4; lOd,
admixture of an authentic sample; the product was also identified oooco o n -7 . oooco oi o 0 n in
by its infrared spectrum. Elution with methylene chloride- 5 ? 53-30-7 , 10e, 23853-31-8; methyl 12-cyano-9 10- 
tetrahydrofuran (7:3) gave 0.81 g (86%) of triphenylphosphine Cuhyaro~9,10-ethenoanthracene-ll-carboxylate, 23853- 
oxide which was identified by comparison of its infrared spectrum 32-9.
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Reactions of selected acetylenes with sulfur dichloride have been studied. Dialkylacetylenes afford the cor
responding divinyl sulfides (III) in quantitative yield. P ;-henylacetylene provides either 3-chloro-2-phenyl- 
benzo [6] thiophene (IV) or the divinyl sulfide VIII, depending upon the reaction conditions. In certain cases it 
is possible to isolate in good yield the intermediate vinylsulfenyl chloride, which can be utilized in a variety of 
synthetic schemes. The stereochemistry of the acetylene adducts is trans. Orientation of addition to unsym- 
metrical acetylenes is largely anti-Markovnikov. This orientation has been found to be relatively insensitive 
to the nature of the solvent. The relative reactivity of sulfur dichloride to olefins and acetylenes follows the 
usual order of electrophiles except with inms-stilbene, which was always the least reactive member in competi
tion experiments.

Interest in the organic chemistry of sulfur dichloride most exclusively.7-9 Initially it was hoped by us that
has recently been revived and has led to the syntheses the final product of this reaction would be a thiirane,
of a number of novel sulfur-containing heterocycles.1-5 thus providing a simple route to this sometimes elusive
However, the investigations of interactions with multi- ring system. By analogy to the reactions of sulfur
pie bonds to date have been largely limited to reactions dichloride with olefins and the reactions of other elec-
of sulfur dichloride and olefins. Surprisingly, no report trophiles, such as bromine, with acetylenes the initial
of a reaction of sulfur dichloride with an acetylene has adduct would be expected to be a vinylsulfenyl chloride
appeared in the literature. We present here the results (I). Ring closure resulting from internal attack of the
of the addition of this versatile reagent to diaryl-, sulfenyl chloride upon the adjacent double bond could
arylalkyl-, and dialkylacetylenes. then provide the thiirane (II).

From the products (and most importantly their 
stereochemistry) resulting from reaction of sulfur di- R— C =C — R —£*-
chloride and olefinic systems, it has been concluded1-6 R ,C1 R(C1)C___C(C1)R
that the mechanistic course of this reaction is the initial — q'  __ _ /
formation of an episulfonium ion, which is then opened c\ S '^ ' \ r  S
to an alkylsulfenyl chloride. This latter species may  ̂ n
then proceed to products by reaction with another
olefinic bond. _  ,, . .Results and Discussion

pi
r,= P P  . Qr,, The first acetylene examined in our study was the

R2 R2 2 *■ / \ __  ̂ readily available 3-hexyne. Addition of freshly dis-
r 2C-----CR2 tilled sulfur dichloride to an ethereal solution of 3-

C r hexyne afforded the divinyl sulfide (III) as a colorless

RaCCl— CR2SCi RiC==CR2»- (R2CC1— CR2—)j—S Et(Cl)C C(Cl)Et
c h 3c h 2— c = c — c h 2c h 3 J  {

The analogous reaction with alkynes is more difficult 2 Et/  ^ E t
to predict, especially in view of the uncertainty of the jjj
stereochemistry of electrophilic addition to triply
bonded species.6 However, it has been shown by a liquid in 95%  yield. The structure assigned was founded
number of workers that the addition of sulfenyl halides on the mass spectrum (base and parent peak ra/e
to alkynes proceeds so as to afford trans products al- 266), elemental analysis, the nmr spectrum (showing

only two nonequivalent ethyl groups), and conversion
(1) E . J. Corey and E . B lock, J .  Org. Chem., 31, 1663 (1966).
(2) E. D . W eil, K. J. S m ith, and R . J. G ruber, ibid., 31, 1669 (1966). (7) A . Dondoni, G. M odena, and G. Scorrano, Boll. Sri. Fac. Chim . I n i ,
(3) F . Lautenschlaeger, ibid., 31, 1679 (1966). Bologna, 22, 26 (1964).
(4) F . Lautenschlaeger, Can. J . Chem., «4, 2813 (1966). (8) V. Cal6, G. M ellon i, G. Modena, and G. Scorrano, Tetrahedron Lett.,
(5) F . Lautenschlaeger, J . Org. Chem., S3, 2620, 2627 (1968). N o. 49, 4399 (1965).
(6) T . C. Fahey and D . J. Lee, J . Amer. Chem. Soc,, 88, 5555 (1966), and (9) L. D iN un n o , G. Gelloni, G. Modena, and G. Scorrano, ibid., N o. 49,

references cited there in . 4405 (1965).
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of the corresponding sulfone into propionic acid via adduct stage are therefore numerous and quite attrac-
ozonolysis. Inversion of the addition procedure, tive. When the sulfur dichloride-diphenylacetylene
changes in dilution factors, and temperature changes reaction was run as before, but with methylene chloride
failed to affect the nature or yield of product. No evi- as the solvent, no IV was obtained but high yields of
dence of the presence of a dichlorothiirane could be the divinyl sulfide VIII were afforded. Compound
found. VIII was also the sole product when 2 equiv of di-

A dramatically different result was obtained when pheny.acetylene were employed. I t  was at first pre-
this reaction was attempted with a diarylacetylene. sumed that this product change in going to methylene
Dropwise addition of an equimolar solution of sulfur chloride must be solely due to a change in solvent
dichloride in dry ether to an ether solution of diphenyl- polarity; however, when the reaction was accomplished
acetylene at room temperature led to isolation of a in either hexane or acetonitrile, the divinyl sulfide V III 
bright yellow solid after solvent removal in  vacuo. was again the only product isolated. While the unique
Upon standing at room temperature this material lost role of ether is not presently understood, it is true that
most of its color, with concomitant hydrogen chloride by varying the reaction conditions either product, and
loss, to provide a white solid (IV). This same con- mixtures of the two, may be obtained from all of these
version could be quantitatively performed by washing a solvents. Presumably, ether solvates and stabilizes in
methylene chloride solution of the product with aqueous some fashion the intermediate sulfenyl chloride so as to
sodium bicarbonate. Owing to the extreme instability make the intermolecular process less favorable.
of the initial product, spectral observations were always __  __
made on mixtures; however, the mass spectrum clearly 6 W 2
showed that it was a 1 :1  adduct of diphenylacetylene || j]
and sulfur dichloride which lost the elements of SC12 in C h ^ ^ P h
stepwise processes to return to diphenylacetylene.
The structure of the ultimate, colorless product was a w /
assigned as 3-chloro-2-phenylbenzo[bJthiophene (IV) Pk \ csH10 E t2NH/

on the basis of melting point (lit.10 mp 67-68°), mass | ph q  C1 ci
spectrum (parent ion m /e  244 with proper isotopic C \ ____ /
ratios for SCI), elemental analysis, and conversion into 1 +  SC12 *  *" A  / \
the known 2-phenylbenzo [6 Jthiophene11 by dechlori- i C1S Ph \g/  Ph
nation with n-butyllithium. 3-Chloro-2-phenylben- ph /  VI v yjj
zo[6Jthiophene (IV) was obtained from diphenyl- Vh2c2/  EtSH \ - hci i
acetylene in this manner in yields up to 90% . .7  \  ? - hci

r  . ph<ci)?  i p)ph
i  + sci* H-° . O c X  P h A A Ph s/  \ Ph c x x ph
C room temP 2. h2o VIII S— Et jy

I IV Vc
Ph 1V

^  H Another illustration of the synthetic utility of the
r  (| j] sulfur dichloride-acetylene system is the reaction with
% ^ A g A \ p h diphenylbutadiyne, which yields 3,4-diehloro-2,5-di- 

phenylthiophene (IX ), albeit in low yield.

One question with which we were confronted at this __ n = c __ C=C— Ph +  SC12 —►
point was whether IV arose from initial formation of
the vinylsulfenyl chloride VI followed by electrophilic \ /
attack by sulfur on the adjacent aromatic ring or whether j j  i  +  polymer
it was a thermolysis product of the diphenyldichloro- P h '^ 'S '^ 'P h
thiirane VII. Certainly the latter-named process jX
would appear an unnecessary consideration except that
analogy for the conversion of VII into IV is found in the Concerning the mode of addition of sulfur dichloride 
known thermal conversions of several a-chloroepisul- to alkynes, one must first consider similar work which
fides to benzo [6 jthiophenes by both Staudinger12 and has been reported for alkyl- and arylsulfenyl chlorides.
Schonberg.13 First, although the investigations of Fahey6 have shown

Evidence that VI was the intermediate with which that addition of protonic acids to alkynes may proceed
we were dealing was easily obtained. A number of either in a cis or tram  fashion, additions of sulfenyl
derivatives of VI were prepared through reaction with chlorides have been found to proceed solely or almost
mercaptans, secondary amines, and olefins, thus fur- exclusively in a trans fashion.7-8-14“ 16 I t  might be
ther confirming its structure. The synthetic possi- assumed that in the case of arylacetylenes the reaction
bilities of being able to stop this reaction at the 1 :1  would proceed in a Markovnikov fashion, but the

orientation has been found to be highly solvent de-
(10) E . J .  Geering, U. S. Patent 3,278,552 (1966).
(11) M. G. Voronkov and V. Udre, Khim . Geterotsikl. Soedin., 4, 527 (14) V. Cal6, G. Modena, and G. Scorrano, J .  Chem. Soc., C, 1339 (1968).

(1966); Chem. Abstr., 66, 65344 (1967). G. M. Badger, N. Kowanko, and (15) G. H. Schmidt and M. Heinola, Quart. Rep. Sulfur Chem., 2, 311
W. H. F. Sasse, J .  Chem. Soc., 2969 (1960). (1967).

(12) H. Staudinger and J .  Siegwart, Helv. Chxm. Acta, 3, 840 (1920). (16) V. Cal6, G. Scorrano, and G. Modena, J .  Org. Chem., 34, 2020
(13) A. Schonberg and L. Varga. Ann. Chem., 483, 176 (1930). (1969).
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pendent. A strong preference for Markovnikov orien- (determined from the nmr spectrum of the crude reac- 
tation is observed only in highly polar solvents (e.g., tion mixture) could be obtained.
acetic acid) while less polar solvents (e.g., ethyl acetate) Similar results were found for 1-phenylpropyne. In 
afford mainly anti-Markovnikov products. Such re- solvents of low polarity, the vinylsulfenyl chloride was
suits are most easily explained by the assumption of an produced with only minor contamination by the divinyl
initial complex which may be either covalent (X a) or sulfide when equimolar amounts of the two reactants
ion paired (Xb). The nature of this intermediate were employed. Use of acetic acid as the solvent
would depend upon the ion-stabilizing characteristics of medium provided no more than 20%  of the benzojh]-
the solvent. With a single electron-donating sub- thiophene product. I t  is therefore quite clear that
stituent on the reacting acetylene and an ionizing sol- steric effects on the nucleophilic addition of chloride
vent, the intermediate could take on much of the charac- anion play the largest role regardless of the solvent
ter of X c. Therefore the observation of a predominance nature. This situation has been most conclusively
of anti-Markovnikov products in solvents of low polarity established in the case of sulfenyl halide addition to
can be simply explained on the basis of steric crowding in olefins.17
the transition state for nucleophilic attack by chloride R
ion. Similar conclusions have been recently reached Et0 'VC"/
by Modena.16 — -—► !i

Ph / C N
lit Cl) R!C1. I Ph SCI

W E  c. I* c r  g i+ c r  f  + sci, -

| Cl R R SCI
Xa Xb Xc | +  |

Pti ^SCl Cl ^Ph
With diphenylaeetylene the addition of sulfur

a - di -a • • • , £ u* • iL major minordichlonde is occurring m a trans lashion, since the
resulting vinylsulfenyl chloride is able to cyclize to a (P = R  CR)
benzo[6]thiophene. To obtain situations where there An interesting feature of the reaction of sulfur di- 
would be a possibility for both Markovnikov and anti- chloride with acetylenes to afford divinylacetylenes is
Markovnikov addition, two unsymmetncal acetylenes that both sulfur dichloride and the vinylsulfenyl chlo-
were studied. Reaction of 2 equiv of phenylacetylene r;c)e prefer to attack an acetylene molecule rather than
with sulfur dichloride in ether or methylene chloride either another vinylsulfenyl chloride or the product
provided the divinyl sulfide X I , while equimolar divinyl sulfide. It has been conclusively shown that
amounts yielded the vinylsulfenyl chloride X II . The olefins are more reactive to sulfenyl halides than are
latter material was remarkably stable and could be alkynes.18 Even with strongly electron-withdrawing
purified by distillation. Derivatives of X II  were groups attached to the sulfenyl chloride there is still a
prepared through reaction with olefins, secondary significant difference in the reaction rates of these two
amines, and mercaptans. multiple bonds. Presumably our observations on ole

fin-acetylene reactivity result from the decreased 7relec- 
tron density of the olefin products which are substi- 

(l Ph\ c / SC! Ph_ CsCH -yll 1 tuted with electronegative groups. In a qualitative
¡I + SC12 —*■ || ----------- *■ J! fashion we set out to check this assumption through a
C Ph, / i5 X'Ph series of competition experiments. When 0.5 equiv of

/I Cl H jq sulfur dichloride was slowly added to an equimolar
xn  \  CH solution of cyclohexene and diphenylaeetylene, im-

|Et2NH mediate examination of the resulting mixture by nmr
pj h Cl H Cl H revealed that the products were almost exclusively

^ C ^  those derived from cyclohexene. However, when a
I | II similar competition was performed between the more

P h ^ iS  p h /'C\ g  Ph/ Cv-SCH10C1 comparable frans-stilbene and diphenylaeetylene, only
|ph | 6 10 products derived from diphenylaeetylene were afforded.

xin  NEt2 This latter result was totally unexpected, especially in
XIV view of the observations by Kharasch18 that stilbene

was more reactive to 2,4-dinitrobenzenesulfenyl chlo- 
The stereochemistry of X II  is assumed to be trans as ride than was diphenylaeetylene and by Robertson19

is the case with diphenylaeetylene. If the addition had that stilbene was some 250 times more reactive toward
taken place in a Markovnikov fashion the resulting bromine than was diphenylaeetylene. Similar results
sulfenyl halide would be expected to form 3-chloro- were obtained when phenylacetylene replaced diphenyl-
benzo [61thiophene but this product was not observed. acetylene in these experiments. To determine the role
Changing the solvent to acetic acid would be expected of the aryl groups, the same competitions were examined
to provide a considerable amount of the Markovnikov (i7) w. h . Mueller and p. e . Butler, j . Amer. chem . Soc., so, 2075 

product and ultimately the benzo[b]thiophene. The (1968). M v  • 7 ,, M nmnoM.1 , i i i  ,1 . j  1 (IS) N. Kharasch and C. N. Yianmos, J .  Org. Chem., 29, 1190 (1964).
results were much less dramatic than expectea ana a (19) P w_ Robertson, w. e . Dasent, r . m . Miibum, and w. h . ouver, 
maximum yield of ca. 16% 3-chlorobcnzo [b Jthiophene j. ckem. Soc., 1628 (i960).
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with 2-butyne as the acetylenic member. All olefins slight molar excess of cyclohexene in dry ether. After stirring
examined in our laboratory to date have proved to be for 30 mm the solvents were removed in vacuo to afford a yellow

• i •] -i , a m  j-i xi ±  ̂ oil. Crystallization from ether-methanol gave 1.00 g (49%) of
considerably more reactive to SC12 than the acetylenes white> crystamne Va: mp 91-92“; nmr (CC14) l  59 (m, 8,
employed with the glaring and consistent exception of methylene H), 2.57 (m, l, HCS), 3.83 (m, 1, HCC1), and 7.40
fmws-stilbene. The factors involved in this incon- (m, 10, ArH); mass spectrum m/e 362 (parent), 210 (base peak,
sistencv are presently under active investigation in our P ~  C,Hi0Cl), and 178 (p — C6H10SC12).
1 . . B - Bis-2-chloro-1,2-diphenylethenyl Sulfide, (A)-VIII.—

The 50-ml aliquot of VI was added to a solution of 1.00 g (56 
Experimental Section mmol) of diphenylacetylenein2omlof ether. After stirring for 30

“  min the ether was evaporated to leave a pale yellow solid. Crys-
Melting points and boiling points are uncorrected. Micro- tallizaticn from methylene chloride-hexane gave a quantitative

analyses were performed by Use Beetz Mikroanalytisches La- yield of VIII. Further recrystallization from chloroform-hexane
boratorium, Kronach, West Germany. The nmr spectra were gave colorless needles, mp 151-152°.
recorded on a Varian A-60 instrument; chemical shifts are mea- An alternate preparation of VIII involved addition of an equi-
sured in parts per million downfield from tetramethylsilane. The molar amount of sulfur dichloride in methylene chloride to an
mass spectra were measured with a Atlas CH-4 mass spectrom- ice-cooled, room temperature or refluxing solution of diphenyl-
eter. Commercial sulfur dichloride (Matheson Coleman acetylene in methylene chloride. The conditions were the same
and Bell) was purified by vacuum distillation to remove chlorine, as for the preparation of IV. However, removal of solvent in
followed by two distillations at atmospheric pressure using equip- vacuo followed by crystallization from methanol provided a 70%
ment previously washed with a dilute solution of PCL in methyl- yield of VIII: mp 152.0-152.5°; nmr (CC14) 7.33 (m); mass
ene chloride. spectrum m/e 460 (68% of 458 peak, p +  2), 458 (parent ion),

Bis-4-chlorohex-3-en-2-yl Sulfide (HI).— To a stirred solution 423 (p -  Cl), 388 (p -  Cl2), 356 (M* for 423 —  388), 210 (p
of 8.21 g (0.10 mol) of 3-hexyne in 15 ml of dry ether was added — PI12C2CI2), and 178 (base peak, PI12C2).
dropwise a solution of 6.18 g (0.06 mol) of freshly distilled sulfur Anal. Calcd for C28H20SCI2: C, 73.20; H, 4.39; S, 6.98; 
dichloride in 5 ml of dry ether. The temperature of the reaction Cl, 15.43. Found: C, 73.04; H, 4.28; S, 6.97; Cl, 15.66.
was maintained at 0° and the addition required 45 min. Evap- C. Ethyl 2-Chloro-l,2-diphenylethen-l-yl Disulfide (Vc).—  
oration of the solvent and distillation of the liquid residue gave The 50-ml aliquot of VI was added to a solution of excess ethyl
12.7 g of a yellow liquid, bp 75-95° (0.3 mm). Redistillation mercaptan in 25 ml of dry ether. After stirring for 30 min the
using a Vigreux column afforded 12.30 g (92%) of colorless III: solvent was evaporated and the resulting yellow oil crystallized
bp 92-93° (1.1 mm); the nmr spectrum showed only two non- from ether-methanol to afford 0.037 g of white, cottonlike Vc:
equivalent ethyl groups; mass spectrum m/e 268 (69% of 266 mp 57-58°; nmr (CDC13) 0.97 (t, 3, methyl H), 2.20 (q, 2,
peak, therefore the p +  2 peak for the parent ion containing methylene H), and 7.43 (m, 10, ArH); mass spectrum m/e
SC12), 266 (p), 231 (p — Cl), 149 (p — C6H]0C1, S-C cleavage), 306 (parent ion) and 210 (base peak, p  — EtSCl).
and 115 (basepeak). D. N,N-Diethyl 2-chloro-l,2-diphenylethen-l-yl Sulfenamide

Anal. Calcd for C12H20CI2S: C, 53.93; H, 7.54; S, 12.00. (Vb).— The 50-ml aliquot of VI was added to a 25-ml ether
Found: C, 54.27; H, 7.58; S, 12.17. solution containing an excess of diethylamine. After 30 min of

3-Chloro-2-phenylbenzo[b] thiophene (IV).— A solution of 1.03 stirring at room temperature the solution was filtered and the
g (0.01 mol) of sulfur dichloride in 10 ml of dry ether was added solvent was evaporated in vacuo. The resulting yellow oil was
dropwise at room temperature to a stirred solution of 1.78 g crystallized from hexane-methanol and yielded 0.50 g (28%) of
(0.01 mol) of diphenylaeetylene in 20 ml of dry ether. Solvent white, crystalline Vb: mp 57-58°; nmr (CDCI3 ) 0.79 (t, 6,
removal in vacuo afforded a bright yellow, crystalline solid which methyl H), 2.51 (q, 4, methylene H), and 7.41 (m, 10, ArH);
readily lost hydrogen chloride to give near quantitative yields of mass spectrum m/e 317 (parent ion) and 210 (base peak, p —
IV . Conversion into IV was also accomplished by dissolving E t2NCl).
0.3 g of the yellow solid VI in 15 ml of methylene chloride and 3,4-Dichloro-2,5-diphenylthiophene (IX).— A 10-ml solution of 
washing with 25 ml of 2% sodium bicarbonate solution in a sep- 1.92 g (0.01 mol) of diphenylbutadiyne and a 10-ml solution of
aratory funnel. The aqueous layer was separated and extracted 1.03 g (0.01 mol) of sulfur dichloride both in methylene chloride
twice with 20 ml of methylene chloride. The combined methyl- were simultaneously added over a 20-min period to 10 ml of
ene chloride solutions were dried over magnesium sulfate and the stirred, ice-cooled methylene chloride. After stirring for an
solvent was evaporated to afford an oily residue. Crystalliza- additional 2 hr at 0°, the solvent was removed from the dark
tion from methanol gave 0.19 g (75%) of white, crystalline IV: solution in vacuo. After redissolving the dark, viscous mass in
mp 67° (lit.10 mp 66-67°); mass spectrum m/e 246 (38% of 246 methylene chloride, it was percolated through a short column
peak, therefore the p +  2 peak for the parent ion containing packed with neutral alumina (Woelm) in ether. Crystallization
SCI), 244 (parent ion and base peak), 208 (-HC1), 165, 122 from acetone afforded 0.50 g (17%) of yellow, crystalline IX ,
(p2+), and 104. mp 133-135°. Repeated recrystallization from acetone gave

Anal. Calcd for C14H9SCI: C, 68.71; H, 3.71; S, 13.10; very faintly yellow crystals: mp 136-137° (lit.20 mp 127-129°);
Cl, 14.49. Found: C, 68.32; H, 3.66; S, 12.94; Cl, 14.51. mass spectrum m/e 306 (70% of 304, p +  2) and 304 (parent ion).

2-Phenylbenzo [6] thiophene .— To a stirred solution of 1.000 g Anal. Calcd for Ci6H10SCl2: C, 62.96; H, 3.30; S, 10.50; 
(4.1 mmol) of IV in 15 ml of dry ether under N2 was added 0.262 Cl, 23.23. Found: C, 62.93; H, 3.30; S, 10.54; Cl, 23.34.
g (4.1 mmol) of re-butyllithium. The reaction was exothermic 2-Chloro-l-phenylethenesulfenyl Chloride (XII).'— A solution 
and an orange-brown color was generated. After stirring for 15 containing 4.00 g (39.2 mmol) of phenylacetylene in 150 ml of 
min at room temperature and refluxing for an additional 5 min, dry methylene chloride was added over a 3-hr period to a rapidly
the reaction was decomposed with dilute HC1. The aqueous stirred solution of 4.04 g (39.2 mmol) of sulfur dichloride in 350
layer was separated and washed with three 20-ml portions of ml of refluxing methylene chloride. Evaporation of the solvent
methylene chloride. The combined organic layers were dried left a red-orange, /owl-smelling liquid. Analysis by nmr re-
over magnesium sulfate. Evaporation of the solvent left a vealed complete loss of phenylacetylene.
yellow, crystalline solid which was recrystallized from methylene Distillation gave 3.50 g (43%) of red-orange liquid collected 
chloride-ether to afford 0.10 g (12%) of white, crystalline 2- at 74-78° (0.25 mm). It is important that the lowest possible
phenylbenzo[6]thiophene, mp 172-173° (lit.n mp 176°). pot temperature be maintained during this distillation to avoid

Anal. Calcd for ChHuiS: C, 79.96; H, 4.79; S, 15.25. excessive polymerization of the product. The mass spectrum
Found: C, 80.23; H, 4.71; S, 15.25. showed no parent ion but had peaks at m/e 174 (65% of 172,

2-Chloro-l,2-diphenylethenesulfenyl Chloride, (U)-VI.— A therefore Cl2 present), 172 (p -  S), 139 (33% of 137, therefore
solution containing 6.00 g (33.7 mmol) of diphenylaeetylene in 100 one chlorine), 137 (p -  SCI), and 105 (base peak); nmr (CC14)
ml of dry ether was added during 1.5 hr to a stirred solution of 6.79 (s, 1, olefinic H) and 7.37 (m, 5, ArH). Addition of phenyl-
3.47 g (33.7 mmol) of freshly distilled sulfur dichloride in 200 ml of acetylene to a methylene chloride solution of X II gave X I as a
refluxing dry ether, and 50-ml aliquots of the resulting orange _________

M o w in g Z c tS s 1'58 " (5'61 mm0l) °f VI ^  086,1 “  th6 <20) C- L' Moyle and L' R- Drake' U' S' 2'527'372 <1960>- N°* J i t  t. . _ ’ ,«  ,  „ t . other information concerning this compound is provided other than a
A . Cyclohexyl-2-chloro-1 ,2 -dlphenylethen-1 -yl Sulfide (Va). chlorine analysis of 21.7% . We feel that their assignment of structure is 

— The 50-ml aliquot of VI was added to a solution containing a at least questionable.
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mixture of inseparable isomers as determined by nmr and mass and alkyne in 20 ml of dry ether at 30° (molar ratio, SC12 to alkene 
spectroscopy. to alkyne of 0 .5:1:1). Stirring was continued for 0.5 hr and the

Phenyl 2-Chloro-l-phenylethene Disulfide (XIII).— A solution solvents were evaporated. Products were immediately ex-
of 0.268 g (2.44 mmol) of thiophenol in 5 ml of dry ether was amined by nmr and areas were correlated to the relative amounts
added to a stirred solution of 0.50 g (2.44 mmol) of X II in 20 ml of the various products,
of dry ether at room temperature. After 15 min the ether was
evaporated in vacuo to leave 0.68 g (100%) of viscous, rather Registry No.—Sulfur dichloride, 10545-99-0- III
unstable yellow hquid (XIII): nmr (CC1<) 6.4!) (s, 1, vinyl 23852-88-2; IV, 2326-63-8; Va, 23852-90-6; V b ’
H) and 7.19 (m, 10, ArH). The mass spectrum showed no oqetto qi 7 . t/a  92859 Q9  8 - VTTT 92859 Q2  Q. t v
parent ion but proved the incorporation of thiophenol by the 2 0 0 0 2 -y W , VC, 2oo02-y2-o, U U , 2oSD2-yo-y, IX .,
spectrum’s base peak at 109 (PhS). 23852-94-0; X II , 23852-95-1.

Addition of diethylamine to X II in the same fashion afforded
the unstable N,N-diethylsulfenamide derivative (XIV): nmr Acknowledgments.’— The authors are indebted to
(CCl,) 1.06 (t, 6 , methyl H), 2.80 (q, 4, methylene H), 6.30 both the Petroleum Research Fund, administered by
(s, 1 , olefinicH), and 7.31 (complex m, 5, ArH). the American Chemical Society, and the National

General Procedure for Competition Reactions.— A solution of T . . TT 1U  „  .. "
0.5 equiv of sulfur dichloride in 10 ml of dry ether was added over Institutes ot Health, Public Health Service (brant
15 min to a stirred solution containing 1 equiv each of alkene GM 16689-01), for support of this work.
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If jneso-stilbene dibromide is debrominated by any reductant in any solvent, the product is always 100% 
trans-stUbene. With dl-stilbene dibromide, the debromination results are variable: two-eleetron reductants 
such as iodide, platinum(II), benzenesulfinate, thiophenolate, and hydride yield ca. 75-90% cis; one-electron 
reductants, such as /3-naphthol, copper(I), iron(II), chromium (II), titanium (III), etc., yield ca. 0-4% cis; metals 
such as zinc, cadmium, tin, etc., in a variety of solvents, yield variable quantities of cis (<25%). We have 
tentatively suggested a carbonium ion process (eq 4) for the two-electron reductants, a radical process for the 
one-electron reductants, and a surface radical process for the metals. Three factors appear to determine the 
stereochemical course of these redox reactions, namely, the electronic (orbital) and conformational preference 
for anti over syn elimination and the nature of the reductant (mechanism).

Normally, 1,2 dehalogenation in solution occurs in Among the many possible dehalogenating agents are
the anti sense2-3 as is shown in the following equation. sodium in tetrahydrofuran11 or liquid ammonia,12

iron(II),13 vanadium(II),14 titanium (III),14 cadmium,15 
(CsHjCHBrh +  M — >- C6H6CH=CHCeH5 +  MBi-2 (1) lithium,16 phosphines,17 phosphites,18 thiolates,19 sel- 

meso or dl trans or cis enide,20 acetate,17 carbonate,17 hydroxide,19 triethyltin
hydride,21 cobalt(II),22 etc.9b (see also below and Tables 

There are enough interesting cases of syn dehalogenation, I and I I ) . I t is useful to look at the overall process (eq
however, to make decisions about the mechanism(s) l) either as a nucleophilic attack on positive halogen or
equivocal.3-7 In this survey of reductants, we posed as a redox process involving a two-electron reduction of
two questions: could we find conditions under which the dihalide (oxidant).10
the debrominations of the stilbene dibromides were meso-Stilbene dibromide has frequently been chosen 
clearly anti, and equally could we find conditions under as a model compound. However, the results of de- 
which these debrominations were wholly synt bromination are always the same: under a wide

As a reaction type, dehalogenation goes back a long variety of conditions, frans-stilbene is the exclusive
time; iodide-promoted elimination was used on cou- product. Some results have been tabulated;915 we shall
marin dibromide by Perkin8 and has since been used in indicate several reductants here: ethanol,23 phenyl-
series as simple as the 1,2-diiodoethylenes3 or as complex
as steroid dibromides.9 Variants on the dihalide may (10) J .  K. Kochi, D. M. Singleton, and L. J .  Andrews, Tetrahedron, 24,
include substitution of hydroxy, alkoxy, acetoxy, 3503^ 1068); j . k . Kochi and d . m . singleton, r .A m er . o ^ m.so c., 90, 1582

tosylate, etc., for one or both of the halogen atoms.2-10 (11) h . o . House and R . s. Ro, ibid., so, 182 (less ).
(12) W. M. Schubert, B. S. Rabinovitch, N. R. Larson, and V. A. Sims,

(1) (a) Acknowledgment is made to the donors of the Petroleum Research ibid., 74, 4590 (1952).
Fund, administered by the American Chemical Society, for support of this (13) H. Bretschneider and M. Ajtai, Monatsh. Chem,, 74, 57 (1941).
research. Presented: Abstracts, 149th National Meeting of tbe American (14) L. H. Slaugh and J .  H. Raley, Tetrahedron, 20, 1005 (1964).
Chemical Society, Detroit, Mich., April 1965, 36P. (b) To whom inquiries (15) E . Boehm and S. I . Miller, unpublished results.
should be addressed. (16) J- Sicher, M. Havel, and M. Svoboda, Tetrahedron Lett., 4269

(2) D. V. Banthorpe, "Elimination Reactions,” Elsevier Publishing Co., (1968).
Inc., New York, N. Y „ 1963, Chapter 6. (17) A. J .  Speziale and C. C. Tung, J . Orff. Chem., 28, 1353, 1521 (1963).

(3) S. I . Miller and R. M. Noyes, J .  Amer. Chem. Soc., 74, 3403 (1952). (18) S. Dershowitz and S. Proskauer, ibid., 26, 3595 (1961).
(4) C. S. T. Lee, I. M. Mathai, and S. I. Miller, ibid., in press. (19) F. Weygand and H. G. Peine, Rev. Chim. (Bucharest), 7, 1379 (1962).
(5) I .  M. Mathai and S. I .  Miller, unpublished results. (20) M. Prince and B . W. Bremer, J .  Org. Chem., 32, 1655 (1967).
(6) W. K. Kwok and S. I . Miller, unpublished results. (21) L. W. Menapace and H. G. Kuivila, ./. Amer. Chem. Soc., 86, 3047
(7) W. K . Kwok and S. I . Miller, ibid., in press. (1964),
(8) W. H. Perkin, J .  Chem. Soc,, 24, 37 (1871). (22) J .  Halpern and J .  P . Maher, ibid., 87, 5361 (1965).
(9) (a) J .  F . King, A. D. Allbutt, and R. G. Pews, Can. J .  Chem., 46, (23) H. Limpricht and H. Schwanert, Justus Liebigs Ann. Chem., 145,

805 (1968); (b) J .  F . King and R . C. Pews, ibid., 42, 1294 (1964). 330 (1868).
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T a b l e  I

R e d u c t iv e  E l im in a t io n  R e a c t io n s  o f  
¿Z-St i l b e n e  D ib r o m id e “

Reductant Conditions cis-Stilbene, %* Reductant Conditions cis-Stilbene, %b

N al Acetone 96 NaîSAV CH3OH-(CH3)2CO Trace
DM F 90 (3:1), 70-100°
Acetonitrile 88 /3-NaphthoF DMF, 25° 0
1-Propanol 88 (CeHshP Toluene 0»
M E K  95 Di-p-tolyl- C6H6CH3, 25°, 4d 0
Ethanol' 93 mercury“
Glycol ether 92 CuCl Ethanol • • •<’
DMSO 89 DM F 0-5
Methanol4 65 Ethanol, Dipy 0-5

LiBr' DM F 50-100° 16 Ethanol, P y 0
K 2PtCl4 DMSO 85 Ethanol, Pda 0
C„H5S02N ai DMSO 88 Ethanol, Pyo <16*

DM F 89 Ethanol, Dma ..  .*
Ethanol . . DMS O 0-2

p-CH3C6H4SNa/ Ethanol >75* FeCl2 Ethanol ...»
D M F >75* Ethanol, Dipy 0-5
DMSO >75* Ethanol, PyO 2

LiAlHi* THF, - 1 0 °  (and 25°) 95 (and 50-65) DM F 0
NaBH(OCH3)2*' Diglyme, 1 hr, 25° 0 DMSO 0
NaBH/ Diglyme, 0.5 hr, 25° 25 CrCl2 Ethanol 0-4
Nall» HMPA, 35° 27 Ethanol, Dipy 0-1
SnCL/HgCL6 DM F, 25° 0 DM F 0-2
SnCl2* DM F, 50-75° 6 ±  3 DMSO 0-3
SnCl2 Ethanol 33-40* T iC V  Ethanol 4

DMSO 26* DM F 12*
C6H5MgBr Ether, 6 hr, ca. 25° 0 CoCl2 Ethanol, NaCN <32*

° The reactions were usually run for ca. 48 hr at the boiling nous chloride to reduce the bromine. In the absence of stan-
point of the solvent or at 60-70° in the case of dimethylform- nous chloride the product is 100% irans-stilbene. 1 R. Otto
amide (DMF) and dimethyl sulfoxide (DMSO), unless otherwise [/. Prakt. Chem., 53, 1 (1896)] and R. Otto and F. Stoffel [Chem.
specified. Other reagents are tetrahydrofuran (THF), methyl Ber., 30, 1799 (1897)] report 100% cis isomer with thiophen-
ethyl ketone (MEK), dipyridyl (Dipy), pyridine (Py), o-phenyl- oxide in ethanol. 0 The reaction was incomplete after 48 hr at
enediamine (Pda), pyridine N-oxide (Pyo), and dimethylaniline reflux temperature. * The per cent cis isomer is uncertain be-
(Dma). The reactions were complete, unless otherwise indicated. cause of the presence of reagents which interfered with the
* This is the fraction of cis-stilbene in the cis-trans mixture. analysis. * Reference 9. Lithium aluminum hydride promotes
The actual yield may be lower. 'Reference 34 reports 45 ±  cis-trans isomerization. >P. Caubere and J. Moreau, Tetrahedron,
10% reaction after 22 hr at reflux in 95% ethanol. The product 25, 2469 (1969). Bibenzyl is also formed and sodium hydride
contains 69 ±  5% cis isomer. 4 Reference 4 reports ca. 50% promotes cis-trans isomerization. * Reference 7. 1 Ref-
solvolysis products, ca. 30% iniras-stilbene, and ca. 20% cis- erence 28. “ Reference 32. " Titanium(III) reacts with
stilbene. • Reference 6. The reaction mixture contains stan- DMSO.

hydrazine,24 dimethylformamide,6’7 potassium hydro- T a b l e  II
sulfite,25 sodium benzenesulfinate,26 silver oxalate,27 M e t a l - P r o m o t e d  E l im in a t io n  f r o m

sodium thiosulfate,28 lithium aluminum hydride,9b’29 cH-St il b e n e  D ib r o m id e » - '

sodium methoxyborohydrides,9a copper(I),30 pyridine,31 --------«s-stiibene in product, %-------.
di-p-tolymercury,32 chromium(II),33 tin(II),7 mag- Solvent* zn zn-Hg cd

nesium,12 copper,34 zinc,11’12’34 chloride,6’35 bromide,6’36 Acetomtrüe 3 . . .  26
and iodide,4’8’34’35 as well as the reductants in Tables I n0 ^  21 2°

j  -ry i ü r  11 . . .  ¿ o

mu u n  • , • - . ,  ,. , CH3OCH2CH2OH 11 . . .  24
i n e  debrom inations ot th.6 dl d.ibromid.G d isp lay  Acetone 5 25 16

variable stereoselectivity (Tables I and II). This M EK 11

(24) R . von Waltherand A. Wetzlich, J .  Prakt. Chem., 61, 169 (1900). 1  Propanol 15 . . . 21
(25) K. von Auwers, Chem. Ber., 24, 1776 (1891). E th a n o l  14 14 12
(26) R. Otto, J .  Prakt. Chem., S3, 1 (1896); R . Otto and F . Stoffel, Ethyl acetate 8

Chem. Ber., 30, 1799 (1897). DMSO 25 . . .  25
(27) C. Forst and T . Zineke, Justus Liebigs Ann. Chem., 182, 246 (1876). « r> x- n . ,  , , u c
(28) C. S. T . Lee, R. Guha, and S. I. Miller, unpublished results. ,  fa c t io n s  were normally carried out at the boiling point of
(29) L. w. Trevoy and W. G. Brown, J .  Amer. Chem. Soc., 71, 1675 the solvent for 4-5 hr. In DM F and DMSO the reaction tem-

(1949). perature was 60-70°. * A few other reactions were carried out.
(30) H. Nozaki, T. Shirafuji, and Y . Yamamoto, Tetrahedron, 25, 3461 The reductant, solvent, and per cent cis-stilbene were Cd-

(1969). Hg, ethanol, 4%; Mg, DMSO, 45%; Al, DMSO, 53%; Pb,
(31) p. Pfeiffer, Chem. Ber., 45, 1810 (1912); J. Ghiya and M. G. M ar- DMSO, 7% . Related work in the literature is as follows: Mg,

Kthey indianJ Chem., 1, 448 (1963). THF, 10%;>2 Mg, THF, 65%; Cu, 95% C2H5OH, 18 % ;34 and
(1929 C‘ W e and E- N- Thurman’ J- Amer■ Chem■ Soc- B1’ 1491 Zn, 95% C2H6OH, 13% [R. E. Buckles, J. M. Bader, and R. J.

(33) ' W. C. Kray, Jr., and C. E. Castro, ibid., 86, 4603 (1964). Thurmaier, J. Org Chem 27 4523 (1962)] ; Zn, H20, 12 % ;11,12
(34) R . E . Buckles, J .  M. Bader, and R. J .  Thurmaier, J .  Org. Chem., 27, Zn> HC1 (aqueous), 0 %  (Table I ,  footnote/). '  Debrominations

4523 (1962). with several reductants (Zn, Zn-Hg, Cd, Cd-Hg, Mg, Al, Cu,
(35) (a) E . Baciocchi and P.-L. Bocca, Ric. Sci., 37, 1182 (1967); (b) Pb, and Sn) in DM F gave stilbene(s) apparently contaminated

E . Baciocchi and E . Schiroli, J .  Chem. Soc., B , 554 (1969). with bromostilbene (eq 2).
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dibromide is obviously more sensitive to the reductant boiling point,6 reactions in it were carried out at 60-70°; these
and is also the one on which far less work had been done. conditions were also used for DMSO. In these solvents, the
» j - i  , • . . j  • j  j  reaction period was extended to 2 days for zinc, cadmium, zinc-Aceordingly, we were most interested in it and surveyed cadmiumP amalgam> aluminuni) andy magnesi; m. where the

its reactions with 17 reductants in one or more of 11 reaction was incomplete, the data are not usually given in Tables
solvents. It  is interesting that the most extensive and I and II. Besides isomerization of the product stilbenes, a
recent studies on reductive elimination deal with the possible complication in these reactions was dehydrobromination
reductant, chromium(II),1» or several hydrides,9 and a 88 * « 1  2‘ The Presence of either bromostilbene or tolan would,
variety of disubstituted organic oxidants. We have base base
varied the reductant widely and used only the stilbene (C6H5CHBr)2 >■ C6H5C H = C B rC 6H5 >■
dibromides as oxidants. C6H5C==CC6H5 (2)

of course, interfere with our analyses, dl dibromide with cop- 
_ . , _ . per and cyanide ion in ethanol led to tolane. The diversion from
Experimental section eq 1 to eq 2 is also noted in Table II with some reagents.

The stilbene dibromides were prepared by standard methods: 
the meso form, mp 237-238°, from xylene; the dl form, mp 112- Results and Discussion
113°, from ethanol.4,5 All of the other substances were reagent
grade where possible. The zinc or cadmium amalgams were pre- In any attempt to account for stereoselectivity, we 
pared from a mixture of the metal and mercuric chloride in aque- must remember that frcms-stilbene is more stable than
ous hydrochloric acid The amalgam was washed with water cis_stilbene in the range 25-150° : the trans to cis ratio
filtered, and stored. Copper(I) chloride was a freshly prepared . rrvri , nro t» , i , , • . ,sample is 500 at 25 .37 By actual test, isomerization of the

The composition of cfs-irons-stilbene mixtures was determined product stilbenes was usually small or negligible under
by the absorbance ratio method on a Cary Model 14 spectro- typical reaction conditions (Table III). Although t his
photometer at 280, 290, 300, and 310 mm-4,36 Normally, the establishes that we obtained products under kinetic
product mixture was treated with water and ether; after the ether „ „  ._i ,, ■ __ . _ „ -U1 ■ , .
extract was dried with calcium chloride, the solvent was evap- c° ntro ’ there isx no ass™ f  that posable intermediates
orated and the residue was taken up in absolute ethanol to be along the reaction path also retained their configura-
analyzed. Under conditions of the debromination reaction, tions.
there was little or no isomerization of the as-stilbene (Table III). Treated with diverse reductants, metals, anions, and 
The accuracy and precision of the stilbene analyses are suggested cations, in several solvents, meso-stilbene dibromide gave
by the values in Table III— i.e., ca. ± 4 % , absolute. Products , , T- . , ,,
of competing reactions can complicate matters, as we Shall see. trans-stilbene exclusively. For the most part, these

reductants are the same as those given for the dl 
dibromide in Tables I and II and will not be listed 

ABLE separately. Clearly, our survey has not uncovered any
Attempted Isomerization of cw-Stilbene“ reductant which could convert the meso dibromide by an

Reagent Solvent cis-stiibene, %b overall syn process into as-stilbene.
Zn, ZnBr2 TH F 97 Since all reductants debrominate the meso dibromide

Acetone” 98 stereospecifically in the anti sense to give the more
07 stable ¿rans-stilbene, little can be said about the elimina-

Cd cdB r2 DM F 98 tion mechanism. For the two-electron reductants,
Acetone 97 orbital symmetry and orbital overlap as well as con-
Ethanol 99 formational factors favor the conventional E2 pro-

Fe2+, Fes+ DM F 100 cess.2 ~7 For any reductants which may initiate a
Ethanol 100 multistep process, the intermediates formed, e.g., ionic,
DMSO 96 radical, or organometallic, are likely to be “set up” for

Cr2+, Cr3+ DM F 99 subsequent conversion into irans-stilbene (eq 3 and 4).
■DMS0 100 Treated with diverse reductants, dl-stilbene di-

C u+, Cu2+ Ì^Mqn q« bromide gave a wide range of product compositions
Ethanol'* 97 containing 0-96%  m-stilbene (Tables I and II).

Sn2+ Sn4+ DM F 98 Judging from the products obtained it would appear
DMgQ 99 that the mechanisms of elimination by two-electron,

l~ i 2 Acetone 100 one-electron, and metallic reductants are different.
DM F 98 For the nonmetal reductants, one can perhaps make the
DMSO 96 rough generalization that one-electron reductants give
Methanol 85” mainly syn elimination, and two-electron reductants

“ For reaction conditions see Table I, footnote a. 6 The un- give chiefly anti elimination. Unlike the results re
certainty in the figure is probably <4% . c Reference 11 re- ported for the reaction of df-2,3-dibromobutane and
ports essentially no (<2% ) isomerization under similar condì- chromium(II) io the product ratio was not sensitive to
tions. d Reference 34 reports essentially no isomerization . , , at , -, ,, - . Jt .
under similar conditions. ® At 100° in a sealed tube for ca. 11 hr. changing solvent. Nevertheless, despite the fact that

the role of the solvent is obscure10 and sometimes un-
Typically, the reactions were carried out with the stilbene di- important (Table II), it does appear that the course

bromide (ca. 0.05 g) and an excess of reductant (ca. 1-2 g) in °f reductive elimination of the dl dibromide can be
ca. 30 ml of solvent. Except for the solvents DM F and DMSO, preselected.
reactions with the metals were carried out at reflux for ca. 4-8 With the two-electron reductants, e.g. P t(II), RS~,
hr. This “ standard”  period was insufficient for the metals j -  Qr H -  one might supp0se that the dl dibromide
copper, cadmium, lead, iron, and chromium in ethanol and ace- . . .  ,, . , ,,
tone. Because DM F reacts with the stilbene dibromides at its follows the concerted anil-elimination path to the

(36) M. Ish-Shalom, J .  D. Fitzpatrick, and M . Orchin, J .  Chem. Educ., 34, (37) G. Fischer, K . A. Muszkat, and E . Fischer, J .  Chem. Soc., B, 1156
496 (1957). (1968).
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major product, cis-stilbene. The conformation of I t  is known that bromine additions to as-stilbene can be
such a transition state necessarily involves syn phenyl- anti stereoselective; in nonpolar solvents (dielectric
phenyl interactions. To alleviate this steric problem, constant, e 2-3) the amount of dl dibromide is ca.

M M 90-100%. As e increases to ca. 35, the amount of
di-(C6H6CHBr)2 — > erj/i/iro-CsHsMCHCHBrCeHs — > meso dibromide has become ca. 80-100%; the presence

¿tows-C6H6CH=CHCsH5 (3) 0f bromide ion in the polar solvents decidedly increases
the dl dibromide may take a second path, one that is ^he relative yield of dl dibromide.34,40 In eq 4, the
necessarily minor, since frans-stilbene is the minor formation of a configurationally oriented positive ion,
product. Such a route could conceivably involve a whether cyclic or acyclic, assists in the slow step,
concerted syn transition state, an Sn2 -E 2  sequence Subsequently, the formation of some unencumbered
(eq 3), a carbonium ion (eq 4), or a carbanion (eq 5) carbomum ion allows leakage into the sequence from
mechanism 2,9b meso- to Zrans-stilbene.

A two-electron carbanion process11 (eq 5) cannot be 
completely discounted at this stage, although we con-

dl + M ------------------ *■ sider it less probable. The carbanions could form from
P h ^  Br_ ^ P h  any one of the three dl rotomers, and there appears to be

/ .L no obvious reason why the rotomer H a pictured should
/  L (4) be favored, either in its formation or, subsequently, by

’ internal rotation of the other two rotomers. It would
BrM- seem, in fact, that this mechanism provides for too easy

Ph + | .H leakage of the dl carbanions to la  by inversion and
+ Br~ rotation of the carbanion, processes which would lead

to Zrans-stilbene as the major product.
We come now to the one-electron reductants of the dl 

dibromide, which appear at the bottom of Table I. 
These range from ferrous and chromous species to 

cis-stilbene + MBr2 MBr2 +  iraras-stilbene others such as hydride, tin(II), and thiosulfate, whose
^  purported one-electron character in a given reaction

g  r Ph Ph |r H would have to be established. Based on their product
mes0 M, - 3 -  dl (5) pattern, however, we propose the gross radical mecha-

Ph-^V^H  P h ^ v M I  nism of eq 5 for all of these reductants. The radical
I II first formed is a relatively stable benzylic species.

/  \  Before it encounters another molecule of reductant, it
n tt __pnp tt • r  t, att__pWp tt presumably equilibrates with lb by internal rotation.

We further assume that specific reductants can at best 
la, Ha, * = — modify the product-forming steps only in a minor way.
Ib.IIb, * = ■ The reductions of dl dibromides by metals gave

Although there is no need to insist that any one path rf u} } s (Tabl° m >.difficult to. interpret. Curiously, all
would hold for all of the reductants, the fact that the dl of these denominations yie ded some as-stilbene;
product ratio is not changed much by changes in two- forae of the yields were solvent sensitive. There have
electron reductant, solvent, or reaction temperature been .indications in the past that certain metal de-
suggests that we are dealing with one mechanism. ^ m m atio n s may display a variable stereoselec-
Furthermore, this apparent similarity in the product- tivity.11,12,34,41 Our results show that this is genera
determining steps indicates to us that we are dealing Concerning the mechanism s) we believe that “free”
with the partitioning of one or more reactive inter- or radicals can probab y be excluded as mterme-
mediates. Put another way, two fast processes with diates’ f nce they would d a v f  been susceptible to
low activation enthalpies (or free energies) are likely to c^ tu \e  ^  Protonation or solvolysis in at least some of
have smaller differences (AH t*  -  AH *>  than two slow ®ur, solvents. Here, it appears that a given reductant
processes with high activation enthalpies. Finally, had a specific role right up to the product-determining
the intermediate or intermediates must be sufficiently steps. Whether this involved ion or radical pairs and
short lived so as to preclude equilibrations, for this can possibly the metal surface is not clear m detail, but
only lead to the more stable trans-stilbene. ®ome vanant of this seems necessary to account for the

For these reasons, we believe that the dl dibromide is data, 
debrominated on one of those paths (eq 4) analogous
to those proposed for bromine additions to alkenes.38,39 Registry No.— dZ-Stilbene dibromide, 13627-48-0.

(38) J .-E . Dubois and E . Bienvenue-Goetz, Bull. Soc. Chim. Fr., 2086
(1968). (40) G. Drefahl and G. Heublein, J .  Prafct. Chem., 21, 18 (1963).

(39) R . E . Buckles, J .  L. Miller, and R . J .  Thurmaier, J . Org. Chem., 32 (41) C. L. Stevens and J .  A. Valicenti, J .  Amer. Chem. Soc., 87, 838
888 (1967). (1965).

1736 J .  Org. Chern., Vol. 35, No. 6, 1970 Mathai, Schug, and M iller



Nuclear M agnetic Resonance Study of Alkyl Chloride Behavior in  
Alum inum  Bromide-Chlorobenzene
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An nmr study of alkyl chlorides in the AlBr3-chlorobenzene system at —50° provides evidence for the detec
tion of a mobile ¿-amyl cation. The ion is involved in equilibria with the solvent leading to rapid scrambling of 
aromatic protons, and it may be cleanly trapped by hydride donors. Secondary cations are not detected in this 
system, but their presence as intermediates may be indirectly inferred from their reactions with hydride donors.

Aluminum bromide is a strong Lewis acid which has aluminum bromide at low temperatures. This report
been extensively studied as a catalyst for paraffin deals with the chlorobenzene-aluminum bromide sys-
isomerization and similar processes. These are thought tem, a more basic medium then 1,2,4-trichlorobenzene 
to involve the formation of alkyl cationic intermediates which however can be used at —50° and which supports 
which often rearrange and participate in facile hydride a limited range of cationic reactivity. The nmr spectra
transfer reactions. Several years ago it was suggested to be discussed are not so easily related to the presence
that stable alkyl cations could be detected by nmr of “stable” cations as are those obtained with SbF8, but 
studies of alkyl halides in solutions containing anti- their detection seems plausible when the spectra are
mony pentafluoride.1 Tertiary cations are particularly considered with the results of hydride transfer trapping
easy to form and their spectra are characterized by experiments.
substantial downfield shifts of groups a  to the charged Experimental Section
carbon. Ha,lf molar solutions of redistilled aluminum bromide in chloro-

In view of the large body of information about cat- benzene dried with barium oxide or 13-X molecular sieves were
ions which have developed from these techniques it is used throughout. A t —50° the nmr spectra of these solutions
somewhat surprising that nmr has been scarcely 7 ere ^  same as ,that neat chlorobenzene. A t room tempera-
appHed *° fte  study of the alumi„um brom.de system. S S S
In 1967 it was reported that solutions of aluminum bromide. The background exchange could be stopped by adding
bromide in 1,2,4-trichlorobenzene could initiate and small amounts of more basic hydrocarbons such as mesitylene
support extremely long chain hydride transfer processes 1® system but neither repeated distillation of AlBr3 nor the
between isobutane and low concentrations of f-butyl use of sublimed AlBr3 eliminated this reactivity.

cations.2 The rapid mtermolecular hydride transfer temperature of the nmr scan. Carbonium ion intermediates
reaction collapses the methyl doublet in isobutane’s were conveniently trapped by adding hydride donors, paraffins,
nmr spectrum, but since the ion concentration is low or naphthenes to the nmr tubes and shaking vigorously for a few
there is no detectable shift in its position. The nmr seconds at reaction temperature. The nmr spectra of the result-
spectrum of 1,2 4-tr.cbtorobemeue is nearly unchanged ^
while the hydride exchange is occurring so that, if any
proton exchange with solvent is going on simultaneously, Results and Discussion
it must be relatively slow. To a first approximation it The 60-Mc nmr spectrum of chlorobenzene is complex 
thus appears that cation interaction with the solvent is and exhibits considerable fine structure.4 The spec-
small and one might hope to ionize a sufficient amount trum while unaffected by the presence of AlBra at -  50°
of ¿-butyl chloride in AlBra-l ,2 ,4  trichlorobenzene to be may be collapsed by the subsequent addition of cata-
detected by nmr. However, it has been our experience lytic quantities of HC1 or HBr, Figure 1. The change
that ¿-butyl chloride does not simply ionize but at in the spectrum is indicative of the existence of an
ambient conditions eliminates HC1 and forms isobutyl- exchange process resulting in the rapid equilibration of
ene which reacts via a myriad of paths as in sulfuric all solvent protons. Such a process probably involves
acid,3 to produce a complex nmr spectrum, presumably both intra- and intermolecular proton migration, eq 1
of allyl ions. One doesn’t know whether the elimina- and 2. At high rates of exchange the spectrum is a
tion of HC1 reflects an inherently lower acidity of the 
HCl-AlBra system compared with H F-SbF5 or if 1,2,4- V 
trichlorobenzene is simply too basic a solvent with +  H+ —►
which to confine the latently reactive ¿-butyl cation. K J J  
Unfortunately, trichlorobenzene freezes at 17° and, q
although supercooled solutions can be prepared, it is T 91 Cl
inconvenient for studies at low temperatures. __*- ...

A number of potentially useful solvents have been Lu jJ "* "* [Q  j H
investigated for their compatibility with ¿-alkyl ions and H ^ T i ^— njj

Cl Cl
(1) (a) G. A. Olah, W. S. Tolgyesi, S. J .  Kuhn, M. E . Moffatt, I .  J. Cl I | Cl

Bastien, and E . B . Baker, J .  Amer. Chem. Soc., 85, 1328 (1963); (b) G. A. I A s .  I
Olah, E . B . Baker, J .  C. Evans, W. S. Tolgyesi, J .  8. McIntyre, and I. J .  -x l +  [ ( T "  | ~j— [ ( T q  +  (2)
Bastien, ibid., 86, 1360 (1964). | ( j |  C )

(2) G. M. Kramer, B . E . Hudson, and M. T . Melchior, J. Phys. Chem., 71,
1525 (1967). H H

(3) N. Deno, II. G. Richey, Jr ,, J .  D. Hodge, J .  J .  Houser, and C. U. ----------------------
Pittman, Jr ., J .  Amer. Chem. Soc., 85, 2991 (1963). (4) S. Castellano, R . Kostelnik, and C. Sun, Tetrahedron Lett., 4635 (1967).
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2.0 J 2.0 3.0 2.0 3.0
i 11 ' 1' : '  = rz  : : r : :  : r ~ ,  ^  Cl

-  f  f  Cl i
T T T a) “  I , slow fast

s ; j -  ! 6 * + “ ^  =
II

Cl

O  + H+ (3)

A J \ K  /J  \ , J  j  / I I  enough on nmr time scale to permit the apparent obser-
t— ___— ' -------- 1 fc—-—U  vation of ions I and II, the latter in rapid equilibrium

, | | , with an undetermined amount of amyl chlorobenzenes.
' ■'*!*'■' ' ' ■ ' ■( ~ ■ • -Vv ■ -Vy ■ ■ The spectrum of 0.2 M  ¿-amyl chloride in the 0.5 M
Figure l.—-The spectrum of chlorobenzene-containing 0.5 M AlBr3-chlorobenzene solution at - 5 0 °  is characterized

AlBr3 at -5 0 ° : (a) neat; (b) +0.02 M HC1; (c) +0.2 M  by a multicomponent peak centered at - 0 .8 8  ppm, a
HC1. singlet at —2.63 ppm, and a broad peak at —3.57 ppm

----1°--------------- 3,P 4.0 5.0 RPM|t) 4.0 7.0 «0 ».0 1*0
r  ' ; i , 1 • - ■ i , •: • + ’ •.•:• i.  .• i ' ' 1 y  u  i • • • ; • • • i ' 1 i , , i
1 >-H>
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H i ------- 1 -  - S =  ; "  •■a ' ■ 1 y .  , .  1 , 1,  1 = 5 = ,  . ,1, ' ---------+ J

Figure 2.— -The spectrum of 0.16 M  f-CeHnCl in chlorobenzene-containing 0.5 M  AlBr3, at —50°.

singlet centered at - 7 .0 0  ±  0.02 ppm (referred to (Figure 2). The singlet at - 2 .6 3  ppm and the broad
TMS as an internal reference). The lifetime of solvent band at —3.57 ppm are assigned to the ¿-amyl cation
molecules under these conditions ought to be between undergoing rapid equilibration of the methyl groups,
0.01 and 0.1 sec. Unfortunately, we do not have the possibly by intramolecular hydride and methide
means of quantitatively evaluating the exchange rates shifts (eq 4). These shifts lead to the time-averaged
and energetic parameters from the spectral data.

A similar collapse of the solvent spectrum is caused I i
by the addition of ¿-butyl, ¿-amyl, or isopropyl chloride | *" ] W
or bromide. This indicates that the halides form +
cations which either add to or protonate chlorobenzene ....
thus initiating the exchange. At this time the spectrum ^ b r a t i o n  of all methyl groups in the ion and are
of the alkyl halide is immediately altered. The resPonslble ,for , the “ 2.67-ppm singlet. Such an
tertiary halides yield a number of bands which are most explanation has been proposed by Olah to account for
easily interpreted in terms of an equilibrium between the coalescence of the separate methyl resonances of the
tertiary cations +  solvent and the alkylated solvent, stable catlon uPon heatm§ to +  90° in H S03F -S b F6,*
eq 3. The equilibrium is attained rapidly, but slowly <© G. a. oiah and j. Lukas, J. Amer. Chem. s«„ ss, 2227 (i967>.
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? the results of trapping with many hydride donors and
ci (Br)  ̂ __ _ > the ease with which it is obtained from many pre-

' ^  cursors.
c ^ __r  y  c The — 2.63-ppm peak contains about 10% of the

c-c-c-c-C)1 .— \  cX c-c ci ' c"c combined area of the -0 .8 8 , -2 .6 3 , and —3.57 peaks.
' r \  ^  0H The peak area is proportional to the ¿-amyl chloride

concentration up to an RCl:AlBr3 ratio of 0.4:1 but 
Figure 3.— Precursors forming the f-amyl cation. falls off at much higher values, possibly because of a

= =£— ■ ■ X  I 4i° I t  r  I ;  7i° ■ *i° 7  .

T »  „
T n
T<0

20 S.A.
b. [ !rrrrtrz±:, i.;........  I —r—H---- H1—i-----1— - i ■ i ■ ■ • t <------—\—

»■ 0 ™  *'o »'o r rm w  *.6 ' 3I0 ......................... a!o.......................... i!o ' ' ' ' ' ' ' ' 1 A ' "

Figure 4. -The spectrum of isobutane after reacting with 0.16 M  ¿-C5H11CI3, —50° (t-C,IIio:i-CslInCl = 25:1). Isobutane’s spectrum 
is broadened owing to intermolecular hydride transfer, f-ChHio +  f-C4H9 + ^  f-C4H9 + +  f-C4Hio.

or at much lower temperatures in SbF5-S 0 2FCl solu- change in stability of the ionic complexes from those
tion.1̂  With SbF;-, the position of the collapsed methyl initially involving dimeric aluminum bromide to those
peak is at —3.60 ppm, 1 ppm further downfield than in with the monomer.
chlorobenzene. The peak position probably is due to Spectra equivalent to that obtained with ¿-amyl 
several factors, namely that the ion may exist in equilib- chloride have been obtained with l-chloro-3-methyl-
rium with small concentrations of alkyl chlorides, butane, l-chloro-2,2-dimethylpropane, ¿-amyl alcohol,
bromides, or amylenes and it may also be subject to ¿-amylbenzene +  HC1, and similar compounds (Figure
specific solvation by chlorobenzene, a factor often 3). 1-Chloropentane and 2-chloropentane do not
leading to upfield chemical shifts.6 In any case the appear to isomerize to the tertiary ion. In this respect
spectrum indicates that the ¿-amyl cation is a major the system differs from neat SbF5 which permits a
component of these equilibria. ready isomerization of the secondary cations.

The band at —3.57 ppm is assigned to the methylene The —2.63-ppm peak is immediately removed from 
protons. Saunders has shown that the CH2 band in the the spectrum by shaking the nmr tube with an excess of
SbF6-S 0 2FCl system contains extensive fine structure,7 a tertiary hydride donor at —50°, eq 5. The resulting
which is lost in SbFs-HSChF and hardly apparent in
AlBr3-chlorobenzene. The fine structure has been jq jq
taken as evidence that rearrangements of the ¿-amyl 1 | ■ j
cation in SbFs-SChFCl involve strictly intramolecular +  H C R2 *■ +  (5)
processes. If intermolecular proton exchange were to R ^ R
occur rapidly, coupling to the CH2 group would be 3 3
reduced and ultimately eliminated. The broad CH2 , .. , • A,o  V, , ., . . spectrum is then essentially that of the donor rapidlyband m AlBr3-chlorobenzene thus suggests that proton „ . ,. ,„ , , , , , . & , 1 transferring hydride 10ns to a small concentration ofexchange occurs at modest rates in this system. , , . ,, • • . . , 1  . . , ,I? -j , , . , , ,  ,, , . ,, skeletally similar 10ns. When the donor is isobutaneEvidence that the spectrum is probably that of the , , , , ., , , ,  , ,, n • * 1 1  ,1 /  , , . this process may broaden and coalesce its doublet to a¿-amyl ion comes not only from the nmr but also from • , . ,  Tr , •„ .. , ,, , , ,singlet.2 Vacuum distillation from the sample tube

(6) j . a . Popie, w. g . Schneider, and h . j .  Bernstein, “High Resolution leads to a clean recovery of isopentane. While yields
Nuclear Magnetic Resonance,” McGraw-Hill In c , New York, N. Y „ 1956, a r e  s o m e w h a t  b i a s e d  in  f a v Q r  0 f  t h e  l i g h t  C o m p o n e n t  b y

(7) m. Saunders and e . l. Hagen, j .  Amer. chem . Soc., 90, 2436 (1968). this procedure the recovery of isopentane is approxi-
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Figure 5.—-Isopentane is trapped by reaction of 0.16 M i-CsHnCl in 0.5 M AlBr3-chlorobenzene with cycloheptane at 50° (cycloheptane:
i-amyl chloride = 25:1).
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Figure 6.— The spectrum of 0.16 M ¿-C3H7CI in 0.5 M AlBr3-chlorobenzene, —50°.

mately quantitive. Similar experiments have been reduce the half-life of the ¿-amyl cation to less than
carried out with 2,3-dimethylbutane, 2,2,3-trimethyl- several minutes. Rearrangement of the secondary
butane, and methylcyclopentane as donors. The nmr donors is slow at —50° but isomerization of the naph-
spectrum of a typical reaction with isobutane is shown thenes can be detected.
m Figure 4. The isopentane formed by reaction with cycloheptane

_The — 2.63-ppm peak is also destroyed upon reaction appears to participate in rapid hydride transfer with a
with secondary hydride donors such as w-hexane, cyelo- small concentration of residual ¿-amyl cations, thus
heptane, and cyclooctane at —50°. Isopentane is broadening its spectrum (Figure 5). Cycloheptane’s
again recovered but the nmr spectra of these compounds nmr spectrum remains a single sharp line while this
does not undergo much change. This would be con- occurs. A corresponding experiment with cyclooctane
sistent with hydride transfer from secondary sources leads to isomerization of the naphthene and interference
being slow on the nmr time scale but fast enough to with isopentane’s spectrum.
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The nmr spectrum of ¿-butyl chloride is a singlet at A .................................... _
- 1 . 4  ppm. In the AlBiy-chlorobenzene system at f  ? ■ ” ■ 1 1 =* """ ■ ’f : ’f ■- ’t . ■ t =
— 50°, 0.2 M  solutions of i-butyl chloride exhibit a
very small peak at —4.1 ppm which may be the cation
and a closely spaced pair of peaks at —0.98 ppm with a
spacing of 2-3  cps. The small peak diminishes as the
temperature is raised, is not visible at —10°, but re- I
appears upon cooling to —30. The upheld peaks also A
undergo a reversible change in relative intensity with I I I  j  \
temperature. i-Butyl bromide under similar condi- /  \ /  l / V ,  V .
tions yields only one upheld peak. —-—  K----------------

The small and rather broad peak at —4.1 ppm Lg—.t g <. y  ■; '  ̂ > ■ s ■ ̂ ------
suggests that the ¿-butyl cation is undergoing proton
exchange with H X  or the solvent. There is no simple B „
explanation for the different spectral behavior of f  r ■_ £ = £  *1* =■= ,f ■ y a
¿-butyl chloride and bromide but the spectra may be ;; ’  ’ , . ’  . j
readily obtained from isobutyl halides or ¿-butyl
benzene +  H X  and isobutane is cleanly recovered from I ^
any of the systems by reaction with hydride donors. I
The spectra are not obtained with the normal butyl +
halides. A

While the nmr study of tertiary cation sources in 1 / 1  j  V
AlBr3-chlorobenzene provides some evidence for the j  \ J
presence of relatively stable ions, no indication of stable —
secondary ions has been found by similar means. Lg......; ■ ■ ■ g ■ ■ ‘ , ■ ■ ■ g ; ; ■ ^  1g ■ ■: 1 5— * -  ̂ 'J j ■
Isopropyl chloride’s spectrum is, however, immediately-
altered in this system (Figure 6). The methyl doublet c   ̂ _̂_ v ^ _,rl „ ,f „ „ t
shifts upheld and broadens noticeably and the methine f  f r " : _ L
proton’s septet also moves upheld and broadens. The ;; . . , ,
same spectrum is obtained with 1-chloropropane and 1 -<Jn^ + ' j '  + '+ Y '
there is no evidence of low held peaks attributed to the
isopropyl cation.lb i

On the other hand, chlorobenzene’s spectrum col- I
lapses to a singlet indicating the formation of an alkyl A
aromatic cation like III. Attempts to trap propyl \ j  \
cations by hydride transfer from methylcyclopentane \ \j V  V
lead to the formation of only small amounts of propane, —J  -̂------
1 to 5%  of theory. Again, small yields of propane are Lg u . =£= ■ j. . 1 i 5 1... s± = = t= !
obtained if the alkyl cations are generated by the addi-
ti„n of HC1 to isopropylbenzene, tapropylbenzene .1  S - f  ( «  ’E ' S  M
rapidly reacts, however by, transferring the alkyl group 2,2,3-trimethylbutane added; (C) 0.1 M 2,3-dimethylbutane
to chlorobenzene generating the 3 isopropyl chloro- added.
benzenes.8

The behavior of isopropyl chloride and cumene leads pentane. If this reaction was fast while ionization was
to the conclusion that the nmr spectrum is probably gjow p  could account for our results, but this possibility
that of a system conatining mainly protonated isopropyl has not been investigated, 
chlorobenzenes. The isopropyl groups are considered 
to be involved in rapid disproportionation reactions Cl
between solvent molecules. Broadening of the alkyl i
protons is attributed both to the alkyl exchange which m +
interconverts ortho, meta, and para  isomers and to K y J
reversible protonation of the alkylchlorobenzenes which l^H
rapidly alters the environment of the alkyl group. L —1» +

We do not understand why the addition of methyl- T I------1
cyclopentane to protonated isopropyl chlorobenzene ’
should only yield small quantities of propane. If the Cl+ . Cl
ion III were in rapid equilibrium with chlorobenzene JL Js . j
and an isopropyl cation, quantitative recovery  ̂of nia | J — [ Q j  +  H2 + x+v.
propane might be anticipated. A possible explanation |------1
has been tendered by our colleagues, namely that III is ^ H
in resonance with I lia  and may contain a proton of
sufficient acidity to abstract hydride from methylcyclo- Although isopropyl chloride does not form a stable

secondary ion the formation of some propane indicates 
their presence as reactive intermediates. Other sec- 

¿ ¡ ¿ S Z Z Z r J r - * " » ’  “ d ' , " “ y ondary sources such aS cyclopentyl aad cyclohexyl
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halides also react with tertiary hydride donors. The or secondary cations has been observed at quite low
nmr spectrum of the cyclic halide is but slightly affected temperatures. Spectra of solutions of tertiary halides
as the reaction appears to generate tertiary ions which contain bands consistent with the presence of tertiary
initiate hydride transfer chain reactions with the re- cations. The bands may be removed by reaction
maining donor molecules. For example, reaction with with hydride donors and hydrocarbons of the proper
2,2,3-trimethylbutane and 2,3-dimethylbutane leads to structures cleanly recovered. High field nmr bands
immediate exchange broadening of the paraffins are also present which suggest the presence of protonated
spectra (Figure 7). The spectra indicate that methyl alkyl aromatics, 
migration is rapid in the former system. These
halides also initiate the rearrangements of cycloheptane Registry No.— Chlorobenzene, 108-90-7; f-amyl chlo-
or cyclooctane which however occur slowly at - 5 0 ° .  ride, 594-36-5; isobutane, 75-28-5; cycloheptane, 291-

Thus in the AlBr3-chlorobenzene system hydride 64-5; ¿-butyl chloride, 507-20-0; isopropyl chloride,
transfer from tertiary or secondary sources to tertiary 75-29-6; bromocyclopentane, 137-43-9.

The Form ation of Sulfur-Sulfur Bonds 
by the Chloram ination of Thiols1

H arry H. Sisler , N irmal K . K otia, and R onald E . H ighsmith

Department of Chemistry, University of Florida, Gainesville, Florida 32601 
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Chloramine and dimethylchloramine react with cyclohexylmereaptan, thiophenol, 2-mercaptonaphthalene, 
2-mercaptopyridine, 2-mercaptoethanol, 1-butanethiol, and 1,2-ethanedithiol with the extraction of the thiol 
hydrogen atoms and the formation of sulfur-sulfur bonds. There is an indication that the first step in the reac
tion is the formation of compounds of the type RSNEfi or RSN (CH3)2. Possible mechanisms for the chloramina
tion reactions are discussed.

It has been well established that the chloramine to yield insoluble sulfenamides14-18 supported this
molecule reacts with electron-donor molecules in suggestion. In all these cases, ammonia was present in
accordance with the equation excess.

B- +  n h 2C1__ > [B NH2+]C1- ^  was our thinking that formation of the disulfide is
2 ' 2 the initial step in these reactions and that the sulfen-

where B : is the Lewis base. Among the Lewis bases amide is obtained by the cleavage of RS-SR to RSNH2
studied are those containing nitrogen, phosphorus, and RSC1 followed by the formation of a second mole-
arsenic, or antimony atoms as the basic centers of the cule of RSNH2 by ammonolysis of RSC1. This think-
molecule. During the past decade, the reactions of ing was based on the reported formation of disulfides by
chloramines of the type R 2'NC1, where R ' =  H or oxidation (by means other than chloramination) of
alkyl, with amines, phosphines, arsines, and stibines thiols.19
have been extensively investigated in this labora- Therefore, when we observed that cyclohexylmer- 
tory.2-13 captan reacts with dimethylchloramine in ethereal

We were interested in studying the reactions of solution to give dicyclohexyl disulfide in good yield, we
chloramines with compounds in which sulfur is the decided to investigate the series of reactions to deter-
electron-donor atom. We hoped that such reactions of mine if the sulfenamides, as well as the disulfides, could
R 2'NC1 (R ' =  H or alkyl) with thiols would result in be obtained and under what conditions. We were also
the cleavage of the N-Cl bonds in the chloramine interested in the possibility of forming [RSN]„ poly
molecules with the formation of sulfenamides of the mers.
types RSNH2 and RSN(CH3)2. Previous work re- Carr and coworkers16 had found the presence of some 
ported in the literature indicating that aqueous solu- disulfides in their oxidation of mercaptides to sulfen-
tions of chloramine react with alkali metal mercaptides amides in aqueous media and had speculated concerning

the mechanism of the reactions.
z r uTh?  > « * • .• »  « •  » « • * *  «  ■ »  that

M ay 1969. the disulfide is obtained almost exclusively from the
(2) (a) h. h. Sisler, a. Sarkis, h. s. Ahuja, r. j . Drago, and n. l. Smith, chloramination of thiols in ethereal solution with either

J .  A m er.Chem . Soc., 8 1 ,2 9 8 2  (1959). (b) W. A. Hart and H. H. Sisler, 1 m  * m i r
in o rg .ch em .,  3, 6 1 7 (1964). chloramine or dimethylchloramine. The presence of

(3) d . f . ciemens and h . h . Sisler, iMd., * , 12 2 2 ( 1965). a m m o n i a  in  t h e  r e a c t i o n s  w i t h  c h l o r a m i n e  d o e s  n o t

(2 1 1  £%  S f i K  H. h. Sisler, ib id ., the result‘ ^  probability
6, 1058 (1967).

(6) R . L. McKenney and H. H. Sisler, ibid., 6, 1178 (1967). (14) T . J .  Hurley and M. A. Robinson, J .  Med. Chem., 8 (6), 888
(7) H. H. Sisler and S. R. Jain, ibid., 7, 104 (1968). (1965).
(8) R . E . Highsmith and H. H. Sisler, ibid., 7, 1740 (1968). (15) E . L. Carr, G. E . P. Smith, and G. Alliger, J .  Org. Chem., 14, 921
(9) K . Utvary and H. H. Sisler, ibid., 7, 698 (1968). (1949).
(10) K . Utvary, H. H. Sisler, and P. Kitzmantel, Monatsh. Chem., 100, 401 (16) S. B . Greenbaum, J .  Amer. Chem. Soc., 76, 6052 (1954).

(1969) ’ (17) I .  G. Farbenind, German Patent 586,351 (1933).
(11) R . E . Highsmith and H. H. Sisler, Inorg. Chem., 8, 1029 (1969). (18) J .  A. Baltrop and K. J .  Morgan, J .  Chem. Soc., 3072 (1957).
(12) L. K . Krannich and H. H. Sisler, ibid., 8, 1032 (1969). (19) E . E . Reid, "Organic Chemistry of Bivalent Sulfur,” Vol I, Chemical
(13) S. R . Jain  and H. H. Sisler, ibid., 8, 1243 (1969). Publishing Co., Inc., New York, N. Y„ 1958, pp 120-126.
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T able I
Chloramination R eactions with T hiophenol and 

Cyclohexylmercaptan in D iethyl E ther

----------------------------------Reactants“--------------------------------- . Mole ratio Mp or bp,
A B ft (A :B ) Products“ °C (mm) Yield, %

(CH3)2NC1 C6H5SH 1:2 CeHsS-SCeHs" 57-58' 74.3/
175-1851» (14)

C6H5SH* (CH3)2NC1 1:1  CeHsS-SCeH^ 55-56 85.0»'
NH2C1 (+  NH3) C 6H5SH 1:2 CsHsS-SCeHs 55-56 86.0/
CeHsSH'* NH-Cl (+  NHS) 1:2 C 6H5S-SC6H5 54-55 93.1»'
CeHsSIR NH»C1 1:1  C6H5S-SC6H5 52-53 80.8»'

(ammonia free)
(CH3)2NC1 C6HuSH 1:2 CeHuS-SCeHn* 140 (2.1) 86.1/
CsHnSH* (CH3)2NC1 1:1  CsHuS-SCsHu 150-152 (4) 77.5»'
NH2C1 (+  NH3) C 6HnSH 1:2 CeHnS-SCeHu 190 (18) 56.8*
CeHnSH* NH2C1(+ NH3) 1 :1  CeHuS-SCsHn 157 (4.3) 87.5»'

“ A added dropwise to B. 6 Taken in slight excess of specified mole ratio. c Dimethylammonium chloride and ammonium chloride 
formed from (CH3)2NC1 and NH2C1, respectively, were obtained in almost quantitative yields. d Yellow-white needles recrystallized 
from hot absolute alcohol. * Melts to give a yellow liquid; color deepens on heating. / Based on chloramine. ’  Solidifies in condenser; 
hot-water condenser was used. h In the initial stages, transient color changes of the reaction mixture were observed (from light yellow 
to orange red). * Repeated at a temperature of 0-5; same products were obtained. » Based on mercaptan. k Yellowish, oily liquid; 
purity was checked by vpc. 1 Based on mercaptan used; reaction probably was not completed.

th a t, co n trary  to our in itia l exp ectation, th e form ation  typical procedure consisted of adding dropwise chloramine solu-
of th e sulfenam ide is th e in itia l step in  th e reaction  and ti(in or dimethylchloramine solution in dry diethyl ether to a
,, i - i n i  ,. r ,, lr -j  solution of the mercaptan in dry diethyl ether with constant
th e disulfide results from  reaction  of th e  sulfenam ide stirring. The temperature of the reaction mixture was kept at
w ith  additional thiol. 25° except as otherwise stated. There was an immediate tur

bidity followed by the formation of a white precipitate, and dense 
white fumes were also observed. The reactions were generally 

E xp erim en tal S ection  exothermic. A water-cooled condenser and magnetic stirrer
, ,  , ,  _ , , , „  , ...  were used, and air and moisture were kept away using Drierite
Materials.-Cyclohexylmercaptan, 2-mercaptopyridme thio- tubes. After the addition o{ chi0ramine was complete, the

phenol 2-naphthalenethiol, and diphenyl disulfide were obtained reactk)n mixture was stirred overnight) followed by refluxing for
from K  & K  Laboratories. 1-Butanethiol and dibutyl disulhde periods varying from 1 to 3 hr
were obtained from Eastman Organic Chemicals, 2-Mercapto- 0n filtratjon’; generauy a white so]id was obtained which was
ethanol and 1,2-ethanedithiol were obtained from the J. T . Baker dried under vacuum and was identified in most eases a8 ammo.
Chemical Co The purity of the mercaptans and the disulfides nium chlorjde Qr dimethylammonium chloride, except in those
was checked by comparison of indices of refraction, densities, cages where the digulfides formed are insoiuble in diethyl ether. 
melting or boiling points, and infrared spectra with the corns- Excess of mercaptan or chloramine, as the case may be, was
spending data in the literature All solvents used were of reagent removed from the ethereal ffltrate. For removing excess mer-
grade and were stored over calcium hydride. Aosolute ethanol captan> fractional distillation or treatment with 2 N  NaOH was
was used as received. , carried out. Excess chloramine and ether could be easily re-

A nalyses.-The Galbraith Microanalytical Laboratory con- moyed under reduced sure. Xhe unused mercaptan was
ducted the elemental analyses. In some cases, the ordinary estimated by titration with an a]coholic solution of iodine con-
Kjeldahl procedure for nitrogen analysis was employed in this taining small amounts of pyridine to remove the hydrogen iodide
laboratory. Chlorine analysis was also done in this laboratory. formed. The end point wag the appearance of iodine color.2J
Molecular weights were determined by the cryoscopic method. Chloramine and dimethylchloramine concentrations in reacting
Melting points were obtained with a Thomas-Hoover capillary solutions were estimated iodometrically. To a measured volume
melting point apparatus and are uncorrected. T (5 ml) of ethereal solution of chloramine, ca. 20-40 ml of 50%

Infrared and Nuclear Magnetic Resonance Sepctra. In- acetfc aoid was added followed by excess of potassium iodide,
frared spectra were recorded with a Beckman Model IR-10 grating The iodine liberated was titrated against standard thiosulfate
infrared spectrophotometer. The spectra of solids were obtained solution
using KBr pellets and those of liquids by using K Br or NaCl
disks. The proton magnetic resonance spectra were recorded R ' = H or CH3
with a Varian A-60 spectrometer. The spectra of liquids were R 2'NC1 +  2H+ +  21“ -------------->  R 2'NH2+ +  I2 +  Cl~
run as pure samples and those of solids were determined in deu- ,
teriochloroform, deuterated acetone, or deuterated dimethyl The products obtained were recrystallized from appropriate
sulfoxide with tetramethylsilane as internal standard. Infrared solvents. The purities of liquids were tested by vapor phase
data of compounds not previously reported are listed. chromatography. .

Synthesis of Chloramines.— Dimethylchloramine was pre- If, as we initially believed, chloramine reacts with mercaptans
pared by a procedure analogous to the Raschig synthesis of chlor- to form disulfides first, fol owed by cleavage of sulfur-sulfur
amine.20 Chloramine was prepared in a generator by an anhy- bond to give RSNH2 or RSN(CH3)2 and RbCl, the varying mole
drous method developed by Mattair and Sisler2‘ involving the ratios of chloramine to mercaptan might have given different
gas-phase chlorination of ammonia. reaction products With this point in view extensive work was

The rates of flow of ammonia, nitrogen, and chlorine in the carried out with the chlorammations of cyclohexylmercaptan and
generator were 1.2, 0.3, and 0.1 mol/hr, respectively, and the of thiophenol using varying mole ratios. The results of these
production rate of chloramine was ca. 0.1 mol/hr. The ethereal experiments are summarized in Table I. _
solution of chloramine was freed from ammonia by the method The mole ratios of mercaptans to chloramines m the reactions
of Gilson and Sisler22 in which the chloramine solution is passed °f 2-mercaptonaphthalene, 2-mercaptopyndine, 2-mercapto- 
through a column of anhydrous copper sulfate. a«d 1-butanethiol were kept at slightly in excess of 2:1.

Procedure for Chloramination Reactions.— The experimental These results are summarized in Table II . .
procedures for most of the reactions studied were similar. The The preparations of mixed disulfides by chloramination of a

mixture of thiols and the reaction of 1 ,2-ethanedithioI with di- 
methylchloramine have been carried out and are discussed sep-

(21) R. I L .  C h e S o c . ,  73, 1619 l a t e l y .  A  n u m b er o f ex p erim en ts w ere carried  o u t to  o b ta in

(1951).
(22) I. T . Gilson and H. H. Sisler, Inarg. Chem., t ,  273 (1965). (23) D. P. Harnish and D. A. Tarbell, Anal. Chern., 11, 968 (1949).
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T a b l e  II
Chloramination Reactions with 2-Mercaptonaphthalene, 2-Mercaptopyridine,

2-Mercaptoethanol, and 1-Butanethiol in Diethyl Ether 
(Thiol to Chloramine Mol Ratio >2: 1)

✓------------------------------------------ Reactants“------------------------------------------- s Mp or bp, °C
A B & Products0 (mm) Yield, %

(CH3)2NC1 2-Mercaptonaphthalene ß-CioILS-S-ii-CioIL'* 135-136 70.6«
NH2C1 (+  NH3) 2-Mercaptonaphthalene ß-CioH7S-S-/3-CioH7 135-136 94.3«

(CH3)2NC1 2-Mercaptopyridine^ rÄ 'i 52 77.6«
NH2C1 ( + NHS) 2-Mercaptopyridine L ^ J s - S ^  51-52 83.1«

(CH3)2NC1 2-Mercaptoethanol* HOCH2CH2S-SCH2CH2OH' 25-26 47.6*
NH2C1 (+  NH3) 2-Mercaptoethanol HOCH2CH2S-SCH2CH2OH 27-28 67.0«

175-176 (4.5)
(CH3)2NC1 1-Butanethiol CH3(CH2)3S-S(CH2)3CH3* 73-74 (1 .1)  80.7«
NH2C1 ( + NH3) 1-Butanethiol CH3(CH2)3S-S(CH2)3CH3 76 (1.75) 74.9«

“ A added dropwise to B. 6 Taken in slight excess of specified mole ratio. c Dimethylammonium chloride and ammonium chloride 
formed from (CH3)2NC1 and NBLC1, respectively, were obtained in almost quantitative yields. d Light yellow compound, insoluble in 
diethyl ether. ' Based on chloramine. * Temperature of the reaction mixture was kept at 0-5°. ® On evaporation of ether, a dark
red, viscous liquid was left which turned into a light red-brown solid. * Temperature of the reaction mixture was kept at 10-15°. * Light
yellow liquid with solid particles at 25° (room temperature). i Based on mercaptan used. k Colorless liquid, turning slightly yellow 
at higher temperature.

evidence concerning the reaction mechanism. Two of them are Reaction of 1,2-Ethanedithiol with Dimethylchloramine.—
described under the heading “ General Experiments,”  and are A 30-ml portion (24.6 mmol) of 0.82 M  dimethylchloramine solu- 
discussed later. tion in diethyl ether was added dropwise to a solution of 5 g (53.2

Chloramination of Mixtures of Thiols.— Using procedures mmol) of 1,2-ethanedithiol in 100 ml of dry ether taken in a 250-
analogous to those described, an equimolar mixture of 2- ml, round-bottom flask. There was an immediate white pre-
mercaptonaphthalene and tbiophenol was treated with a cipitate. After all the addition of chloramine was complete, the
less than equivalent amount of dimethylchloramine. An 80.6% reaction mixture was stirred for 24 hr followed by refluxing for 1
yield of mixtures of diphenyl disulfide, di-/3-naphthyl disulfide, hr. White solid, 2.8 g, was obtained on filtration. Dimethyl-
and fl-naphthylphenyl disulfide based on dimethylchloramine ammonium chloride, was separated from it using absolute alco-
was obtained. The mole ratio of these disulfides in the mixed hoi, in which it is soluble. A white, amorphous residue, 1.6 g
product was ca. 10.5:9.5:9.0, respectively. d-Naphthylphenyl (i), was left. Analysis of i showed that its composition is repre
disulfide, soluble in diethyl ether and obtained by fractional sented by (CH2S)„. The infrared spectral data, as shown in
crystallization of absolute alcohol, is a white, crystalline solid Table III, show evidence of -C H 2S and S-S linkages in i. This
melting at 73°. The *H nmr spectrum in acetone-d6 gave a very substance shrinks at 122-128°, becomes a pasty, viscous, brown
broad complex peak in the aromatic region. mass at 133°, changes color to dark brown and then to reddish

Anal. Calcd for Ci6Hi2S2: C, 71.64; H, 4.48; S, 23.88. brown in the range 165-230°, and melts completely to give dark 
Found: C, 71.5; H, 4.57; S, 23.64. red liquid at 248°. At 255-260° it gives dark red particles and

A similar experiment with a mixture of thiophenol and 1-bu- a yellow sublimate condenses on the upper side of the capillary,
tanethiol gave an overall yield of a mixed disulfide product of Compound i is insoluble in water, benzene, acetone, carbon di-
65% . The product contained di-n-butyl disulfide, diphenyl sulfide, alcohol, chloroform, dioxane, ether, acetonitrile, dimethyl
disulfide, and n-butylphenyl disulfide in a mole ratio of 7.0: sulfoxide, dimethylformamide, etc. The mass spectrum of i
7.0:10.0, respectively. Infrared data for the two mixed disul- shows well-defined peaks at m/e 184, 217, and 229.
fides, not reported previously, are listed in Table III. n-Butyl- Anal. Calcd for CH2S: C, 26.08; H, 4.34; S, 69.56. 
phenyl disulfide was a light yellow liquid, bp 115-118° (2.8 mm). Found: C, 26.26; H, 4.69; S, 68.53.
The'H  nmr spectrum confirms this identification. General Experiments. A.— The reaction of benzenethiol

and dimethylchloramine in ether (mol ratio 2:1) was carried out 
T a b l e  III 4n dark, using the same general procedure as described earlier.

Immediately after the addition of dimethylchloramine was com- 
I n f r a r e d  D a t a “ plete, the solution was filtered. A white precipitate was re-
iS-CiotLS-SCeHs tained on the filter and was identified as dimethylammonium

znn „  a no m cor coo ci c coo a r ooo chloride. On evaporating the ether, a yellow-white residue was
sro ’ S -  «on b ann con " ’ I f  ^ c o  V ’ o™ V%  oor left which found to be diphenyl disulfide.

’ foo^860! oco90 Sh’o9°°  m’ 920 “ 1 948 m’ 960 Sh’ 970 m’ 1005 B.— Diphenyl disulfide and di-n-butyl disulfide were separately
w, 1030 s, 1060 w, 1075 m, 1080 sh, 1105 vw, 1140 s, 1150 sh, treated, under nitrogen atmosphere, with an excess of dimethyl- 
1185 vw, 1200 w, 1300 w, 1355 m, 1375 w, 1442 s, 1480 s, 1505 chloramine, keeping air and moisture away as far as possible,
m, 1580 s, 1590 s, 1625 m, 1730 vw, 1860 vw, 2330 vw, 3060 w Prolonged stirring and refluxing produced no sulfenamide deriva-

cow a n n  fives of the type RSN(CH3)2 or RSNH2. It was concluded that
LH3(G±l2)3b-bC6-H5 cleavage of sulfur-sulfur bonds does not occur by action of chlo-

695 s, 745 vs, 785 sh, 840 vw, 878 w, 910 sh, 920 w, 970 vw, ramines over disulfides. The starting materials in all cases were
1005 w, 1030 s, 1072 m, 1080 sh, 1100 w, 1160 vw, 1182 w, 1225 almost quantitatively recovered,
m, 1268 m, 1304 m, 1330 vw, 1382 m, 1416 m, 1442 s, 1470 sh,

Z o S’ W ’ o u t 11649 oW«nbr’ I790 w’ 1850' 65 w’ br’ Results and Discussion1940 w, 2880 s, 2935 vs, 2960 vs, 3020 sh, 3068 m
(-CH2CH2S-S-)„ (?) The infrared spectra for the products reported in this

510 w, 585-590 w, br, 680 m, 738 s, 835-45 w, br, 890 vw, 1025 f  ^ d a n c e  with their formulation as
w, 1110 m, 1188 vs, 1250 m, 1340 sh, 1410 s, 1440 w, 1460-1470 disulfides of the type RSSR.
W, br, 1610-1640 w, br, 2420 w, 2910 w, 3400-3430 w, br ih e  onl.y previous references to the formation of a

“ In cm“ 1. Abbreviations: s, strong; m, medium; w, weak; disulfide by oxidation of 1,2-ethanedithiol are two 
br, broad; v, very; sh, shoulder. very old reports of its reaction with halogens.24'25

AraaZ. Calcd for C ioHi4S2: C, 60.6; H, 7.07; S, 32.32. (2 4) R. Otto and A. Rössing, Chem . B er ., 19 , 2079 (1886).
Found: C, 60.75; H, 7.19; S, 32.17. (25) H . Fasbender, ibid.. 21, 1470 (1888).
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The structure proposed in these reports for the resulting reported in the literature,14-18'26'27 that the conditions
compound is depicted below. of the reactions and the lack of a probable initiator

were not favorable for free radical formation, that the
CH2S—SCH2 reactions proceeded rapidly in the dark, and that we
¿H g gj;;H have shown that the sulfur-sulfur bonds of the disul-

2 2 fides are not subject to cleavage by chloramines, we
rr,, , . i  •___ T i . -  believe the most probable reaction path for the chlor-These experiments were repeated using an alcoholic . , , ,  . y . ,, , , 1 „
, .. t -  • , 0 7 „-j :__ammations of thiols in ether to be as follows.solution of iodine containing 1% pyridine to remove the

HI formed and the compound so obtained was identical R, = Hor CIl3
with compound i described in the Experimental RSH +  R/NC1----------------> RSNR2' +  HC1 (1)
Section. It is clear that this cyclic structure does not
correspond to the physical and chemical properties of RSNR-' +  RSH faS) RSSR +  R2'NH (2)
our product i or those of the product of the earlier
reported reaction.24'25 or

If the structure is that of a linear polymer of the type 
[-CH2CH2-S -S -]n, the compound should have been RSNR2' +  HC1 faSj RSCl +  R2'NH
soluble in good polymer solvents such as N-methyl-
pyrolidone, hexafluoroisopropyl alcohol, and hexa- fast
methylphosphoramide. It was observed that com- RSCl +  RSH — >■ RSSR +  HC1
pound i is insoluble in these solvents even on prolonged
stirring. It was also not possible to obtain the simple Rz'NH +  HC1 > R2 1 H2G (o)
cyclic disulfide proposed24'25 by heating i to ca. 200° in a , ,  /DQA;„  ,v
semimicro sublimation apparatus and trying to con- ^ eulfailureu tll  lsola*e .the sulfenamides (RSNR2 ) 
dense the product on a cold finger. probably results from their reactivity toward HC1 and

It is suggested that cross linking could have been toward thiols combined with their solubility m et er.
produced by a mechanism such as the following. Earlier references14- 15 to the formation of sulfenamides

by reactions of chloramines with alkali mercaptiaes 
(CHaUNCi involved experiments in aqueous systems in which

—CH2CH2SH---------- > CH2CH2S- sulfenamides are insoluble.

—CH2CH2S- +  [—CH2CH2S—S—] — >- Registry No.—Thiophenol, 108-98-5; cyclohexyl-
—CH2CH2SH +  [—CH2CHS—S—] mercaptan, 1569-69-3; 2-mercaptonaphthalene, 91-

chain termination 60-1; 2-mercaptopyridine, 2637-34-5; 2-mercapto-
ethanol, 60-24-2; 1-butanethiol, 109-79-5; /3-naphthyl- 

2[—CH2CHS—S—] > CH2CHS S phenyl disulfide, 23853-95-4; n-butylphenyl disulfide,
—CH2CHS—S— 20129-23-1.

cross-linked polymer
Acknowledgment.^—We are pleased to gratefully

Such a cross-linked polymer would be expected to acknowledge the support of this research by the Na-
behave in accordance with our observations for product tional Science Foundation through Research rojec
j GP-4505 with the University of Florida.

On the basis of the facts that our chloramination ^  ^ b BiUmani ,  Garri3on> R Anderson, and B woinak, 
reactions yielded disulfides only, but no sulfenamides chem. Soc., 63,1920 (1941).
[RSNH2 or RSN(CHs)2] or sulfenyl chlorides (RSCl), as (27) Reference 19, pp 265,269,274.
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Radical Coupling Products from  th e Perm anganate  
Oxidation of N -Phenyl-2-naphthylam ine
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The oxidative dimerization of N-phenyl-2-naphthylamine by neutral potassium permanganate results in the 
formation of coupling products 2 and 3, with the dibenzocarbazole 4 as a minor product. The structures of 2 
and 4 were reported earlier. The structure of 3 has now been confirmed by the synthesis of the N-phenyl deriv
ative from a known 1,2-disubstituted naphthalene compound. The product distribution from the permanganate 
oxidation is the same as that from the coupling of amino radicals generated from the appropriate tetrazene.
The effects of substituents on the permanganate oxidation of N-aryl-2-naphthylamines are correlated by <r to 
give a p of -0.68. These results are consistent with a mechanism involving hydrogen transfer to permanganate 
followed by product formation via carbon-carbon and carbon-nitrogen coupling of the resulting amino radicals.

Recently we reported1 the products arising from the variety, of conditions led to intractable tars. The 
oxidation of N-phenyl-2-naphthylamine by neutral reaction of iodine monochloride with the N-acetyl
potassium permanganate in acetone (Scheme I). derivative of la  in acetic acid5 resulted in an addition

compound.
Since the iodo compound was unavailable, the 

S c h e m e  I N-phenyl derivative of 3a was prepared from a known
orfho-substituted naphthalene compound (5) as shown 

^ x ^ ^ N H -A r  L J L ^ - N H - A r  in Scheme II. The reaction of 3a with iodobenzene
L JS T  0 - 5 *° A + and copper gave N-(2-naphthyl)-N,N',N'-triphenyl-

L | |  1,2-naphthylenediamine (9), which was identical with
I that prepared from 2-amino-l-nitronaphthalene via the

2  route shown in Scheme II. These results confirm the
earlier assignment of the semidine structure to N-(2- 
naphthyl)-N,N'-diphenyl-l ,2-naphthylenediamine (3a).4 

r N-Aryl-2-naphthylamines with substituents in the
nh—Ar + I  X  I  J  benzene ring were oxidized by permanganate in the

[  ]  ]  ^ s a m e  manner as la. The carbon-carbon coupling
Ar products (2c-2g) were isolated in the crystalline state

3  ^ and each was characterized by molecular weight,
la -  4a, Ar = C H analysis, and the presence of two secondary N -H  bonds
lb -  4 b ' At - Z-C H Per molecule. Results are summarized in Table I.

10 7 The predominant fragmentation in the mass spectrum of
each oxidative dimer was the extrusion of an arylamino 

In contrast to the oxidation of diphenylamine,2 no moiety, analogous to the chemical degradation reported
tetrasubstituted hydrazine was detected. In the for 2a .1 Although the thin layer chromatograms of
present paper we wish to confirm the tentative struc- reaction mixtures indicated that semidines 3c-3g were
tural assignment of 3a made earlier, and present addi- formed, none was isolated in crystalline form. The
tional results bearing on the mechanism of the reac- amorphous semidine fraction, 3d, from the oxidation of
t jon Id was isolated by column chromatography. Its

infrared spectrum was consistent with the assigned 
Results structure and showed one N -H  bond per molecule.

Attempts to induce crystallization have been un- 
The structures of 2a and 4a have been definitely successful. The difficulty of obtaining crystalline

assigned.1 The carbon-nitrogen coupled product, 3a, forms of 3a and 3b has been discussed.1 
was tentatively assigned the semidine structure on the Competitive oxidations of N-aryl-2-naphthylamines 
basis of elemental analysis, molecular weight, and the were conducted by allowing mixtures of two amines to 
determination of one N -H  bond per molecule. The
chemical shift of the amino hydrogen of 3a was 0.74 ppm *a ,
downfield from that of la , suggesting an ortho diamine A +  KMn° 4 Produots
structure. tB

As mentioned earlier,1 the most direct synthesis of 3a B +  KM n04 — >- products (2)
should be afforded by the Ullmann reaction between la
and l-iodo-N-phenyl-2-naphthylamine. The iodo com- compete for a deficient quantity of potassium per- 
pound could not be prepared, however. Attempts to manganate in acetone at 0° (eq 1, 2). 
treat iodine or iodine monochloride with la  under a

(3) This procedure has been reported successful in the preparation of 1-
(1) R . F. Bridger, D. A. Law, D. F . Bowman, B. S. Middleton, and K. U. iodo-2-acetamidonaphthalene: H. Wilistaedt and G. Scneiber, Chem. Ber.,

Ingold, J .  Org. Chem., 38, 4329 (196S). «7, 466 (1934).
(2) (a) H. Wieland and S. Gambarjan, Chem. Ber., 89, 1499 (1906); (4) See ref 1 for a discussion of the incorrect assignments of structure 3 to

(b) H. Wieland, Justus Liebigs Ann. Chem., 881, 200 (1911). 3a and 2b by previous workers.
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T a b l e  I

Properties of 1,1'-Bis(N-aryl-2-naphthylamines)
Infrared spectra6

,------------ Calcd, % ------------- , ------------- Found, %------------- , NH (J) , NH (1), cnh (2)6 yield,
Compd" Ar Mp. "C  C H N C H N cm “'  cm~i eNH (1) %

2c to-CH3OC61I4 182-183 82.23 5.68 5.64 82.53 5.75 5.57 3405 3440 2.0 23
2d p-CJI3OC6H, 240-241 82.23 5.68 5.64 82.31 5.74 5.62 3405 3420 1.9  44
2e to-CH3C6H4 167-168 87.89 6.07 6.03 87.89 6.07 6.08 3410 3435 2 .1  22
2f p-CH3C 6H4 229-230“ 87.89 6.07 6.03 87.82 6 .11 5.98 3405 3435 2 .1 24
2g w-ClCeH/ 177-178 76.04 4.39 5.54 76.08 4.47 5.49 3405 3435 1.9  31
“ Mass spectra of all compounds gave correct molecular weights. 1 1.4% (w/v) in CDCI3. See ref 1. c Another form with mp 208- 

210° was observed when first isolated. d Calcd: Cl, 14.03. Found: Cl, 14.10.

Scheme II pairs of reactants. Results are summarized in Table
N02 N02 II-

^ v V NH' -A U _ ^  A f V “ "
L II J  Cu L II \ T able II

Competitive Oxidations of N-Aryl-2-naphthylamines bv 
^ ® Potassium Permanganate at 0°

,—------Amine“ (eoncn, M)----------> Conversion,
N02 NH2 A b  % kB/hx

I 1 la (0.3) lc (0.3) 38 0.90
2 A l/ H q . 2 la (0.4) Id (0.2) 41 3.15

I J| I H20 L II J  la (0.3) le (0.3) 17 1.23
la (0.3) le (0.3) 32 1.19

6  7  la (0.4) le (0.2) 39 1.24
la (0.4) If (0.2) 48 1.58
la (0.3) lg (0.3) 39 0.53

| u le (0.3) lc (0.3) 43 0.72 (vs. 0.73 )6

NH2 j If (0.4) Id (0.2) 45 2.24 (ws. 2 .0)6

J l NAr, ° Substituents on C 6H4X: a, H; c, m-OCH3; d, p-OCH3; e,
NAr2 m-CH3; f, p-CH3; g, m -CL 6 Calculated from reactivities of

L  II J  Cu [ II ] each component relative to la.

7  ii
D iscussion

There are several reasons for considering the mecha- 
T |j ] |_| nism of the permanganate oxidation of 1. General

knowledge of diarylamino radicals is surprisingly 
^  1  NAr> ^ V  ^  ^  meager. Recent investigations reveal that these

2^ \ Q f  radicals are not particularly stable toward coupling and
/ Ar disproportionation reactions.6-7 The few examples of

g  N stable diarylamino radicals which have been un-
ambiguously identified by esr show that electron- 

I I  J  donating para  substituents are necessary.6 Since the
A classic work of Wieland and coworkers, there has been

]| 1 Ar °  little activity in the oxidation of secondary aromatic
amines by permanganate in neutral solution. Most of 

j, the quantitative information available deals with other
p | |  substrates in acidic or basic media.8 The formation of

tetraphenyl hydrazine from the oxidation of diphenyl- 
30 amine seems best explained by the coupling of neutral

Ar _ c  H radicals (eq 4), though the dimer-monomer equilibrium

„ , , , 2Ph2N ----- >■  PhoN-NPh2 (4)
When the ratio of the rates of disappearance of a

pair of competing amines, A and B, was taken, the
permanganate concentrations cancel and the relative suggested by Wieland2 is not detectable except in the
reactivity is given by eq 3. special cases mentioned above.6 In the naphthyl

series, however, the hydrazine is not a product.1
, . While the products are those expected of radical cou-kb _  log[B]o/[B] ,3s ^
kx log [A] o/[A]

(5) F . A. Neugebauer and P. H. H. Fischer, Chem. Ber., 98, 844 (1965).
(6) H. Musso, ibid., 92, 2881 (1959).

The validity of eq 3 was tested by changing amine (?) «■ m. Johnston, g. h. williams, and h. j . williams, j . e w  Soo..
C o n c e n t r a t io n  a n d  e x t e n t  o f  O x id a t io n  a n d  by C o m p a r in g  (g) Stewart in “Oxidation in Organic Chemistry,” P art A, K . B .
relative reactivities cross-calculated from different Wiberg, Ed., Academic Press, New York, N. Y ., 1965, Chapter 1.
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pling reactions, both carbon-carbon9-12 and carbon- Table III
nitrogen18 coupled products have been isolated from C o m p a r is o n  o f  P r o d u c t s  f r o m  P e r m a n g a n a t e  O x id a t io n

oxidations of other amines proceeding via radical cation a n d  T e t r a z e n e  D e c o m p o s it io n

intermediates which were identified by esr. ------------------------------ Yield, % -------------------------- -
A detailed kinetic study of the permanganate oxida- „ , Permanganate Tetrazene Tetrazene

tion m acetone is impracticable because the medium is la 25 ±  ^  ±  ±
constantly changing during the course of the reaction. 2a 36 ±  2/ 35 ±  2 33 ±  2
It is possible, however, to probe the initial reaction by 3a 24 ±  1/ 25 ±  l 25 ±  l
measuring the effects of substituents from competitive 4a 0.4/ 1.0 2 8
experiments. The nature of the intermediates involved Ratio, 2a to 3a 1.5 ±  0.2 1 . 4 ± 0 . 2  1 . 3 ± 0 . 2
in product formation can be defined by comparing the <* In acetone at 0-5°, initially 0.5 M la. ” In acetone at 5°, 
products of permanganate oxidation with those from an 0.02 M 10. c In acetone at 40°, 0.02 M 10. i Error limits
independent source of amino radicals. The oxidation represent range of duplicate experiments. * Mol/200 mol of 10.
of 1 is well suited for this approach, as the products1 are ’ Mo1/ 50 mo1 of la- 
well defined and stable toward oxidation, and no signifi-
cant quantities of disproportionation6 products or °byious explanation that compound la  is formed
oligomers are formed. by a hydrogen-transfer reaction (eq 6) must be

N-Phenyl-2-naphthylamino radicals were generated O O
by the photolysis and thermolysis of l,4-diphenyl-l,4- . || ||
di(2-naphthyl)-2-tetrazene (10), as shown in Scheme ArNPh + CH3CCH3 -/+■ ArNHPh. + -CH2CCH3 (6)
III. Photolysis and thermolysis of the tetrazene gave

rejected because the formation of la  from 10 is in- 
S c h e m e  III dependent of temperature (be., no apparent activation

Q .. energy) and fails to exhibit a primary deuterium isotope
[ĵ  yj effect, as shown in Table IV. Since la  is formed in

N_N = N___N , T a b l e  IV
^  r Y l  D e c o m p o s it io n  o f  T e t r a z e n e  10  in

A c e t o n e  a n d  A c e t o n e - ^
IO  Solvent Conditions (temp, °C) Yield® of la

,  Acetone Thermolysis (25) 19
 ̂ Acetone-ile Thermolysis (25) 19

L  11 J  [I J  L  11 J  II J  Acetone Thermolysis (56) 16
^  Acetone-lie Thermolysis (56) 15

Acetone Photolysis (5) 16
Acetone-d6 Photolysis (5) 17

la + 2a+3a+ 4a “ Mol/200 mol of 10.

,, tv i j e ,, 5-10%  yields from the decomposition of 10 in solvents
essentially the same results. Products from the which are hydrogen donorS;i5 we must conclude
decomposition of 10 are compared with those of the that its forraation is a property of N-aryl-2-naphthyl-
permanganate oxidation of la  in Table III. The amino radica,s or of the ¿ razene. D 'viationPs {/ om
relative amounts of 2a and 3a from the two reactions the stoichiometry of eq 5 most likely occur by oxidation
are the same within experimental error, and only minor of acetone, especially in the later stages of the reaction
variations were observed m the yields of 4a. While K ^  , 6 , , . . .• , . „  , J  , , as base accumulates. Drummond and W aters16 have
this work was in progress, Waters and White14 reported . . .  .. ,• f  , ,
a, similar study of the oxidation of carbazole. Although S T u t t r ’ high"

/ . / I  : 1 "  reaction mixture precluded The well. known precautions* of purifying the acetone

r e e  w la  the p r X t  findings'" ^  KS a" d I ™ » “  60 >>«* always ensure
T h e t i m l T r l S X l  quantities of U  from ^ f Z ^ r a t l X ” ' ■ W‘  “  * £Um r,f m . , , . . . amine concentration is an important variable also. At
the decomposition of 10 was not expected. This is of m i s  m  f i• . . . ,. . , i , i  , . , . . low concentrations (U.15 M) of 1, very little amine isinterest in connection with the stoichiometry of per- i • t ( ■ , . , " ,. .-j „+. t T-, . ¿ n  j, converted in spite ol fairly rapid consumption of
•  “  X  E xpenm entally  permanganate. At amine concentrations of 0 5 U  or
stoichiometry of eq 5 is usually not observed and con- Mgter, , he reaction pr0CKK,8 ¡ndicating

6ArNHPh -f 2KM n04 — >■ competition between amine and solvent for the per-
3(ArNPh)2 +  2Mn02 +  2KOH +  2H20  (5) mar.ganate.

• it  , c , ,. , . - , The quantitative agreement between the products of
s derable amounts of starting material are recovered, the tetrazene decomposition and those of the per-
even though all of the permanganate is consumed. mailganate oxidation (Table III) establishes that the

(9) R. F. Nelson and R . N. Adams, , .  A ™ , Chem. S o c ,  80, 3925 (1968). °  ■ f ° r m ^ b y  K i p l i n g  ° f  “
(10) e . T . Seo, r . f . Nelson, j . m . Fritsch, l . s. Marcoux, d . w. Leedy, radmals, as shown in Scheme III. The competitive

and r . M. Adams, ibid., 88,3498 (1966). ’ ’ oxidations of Table II show that the rates of disappear-
(11) D. H. lies and A. Ledwith, Chem. Commun., 498 (1968).

rJo! m A!lara' B - C;  ® lbert’ and R - ° '  C - Norman, ibid., 319 (1965). (15. Unpublished results from this laboratory; a detailed investigation of
n m  Tr r ’ Telra)] e, r™ LeU" 763 (1969)- the decomposition of tetrazene 10 is in progress and will be reported soon.
(14) W. A. Waters and J .  E . White, J .  Chem. Sac., C, 740 (1968). (16) A. Y. Drummond and W. A. Waters, /. Chem. Soc., 435 (1953).
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ance of amine are not strongly influenced by substit- '-------------------—-------------------------
uents. These data follow a Hammett relationship, o.6 -
correlating well with <t+. The plot in Figure 1 has a ¡X
slope of —0.68. While the magnitude of p may be p-ocĥ v
attenuated somewhat by the naphthyl group, it in- v 04
dicates that reaction is at the amino group. The g
observed value of p is in the range expected for a free- § 0.2 -
radical hydrogen-transfer reaction. Values of p for “ r CHTx \ m. c„3
reactions of alkoxy and peroxy radicals with a variety g P. -o.ee x '
of substrates fall in the ran ge—0.4 t o —1.5.17 Brown-  ̂ ° "  p. 0.997]
lie and Ingold18 have reported substituent effects in the a X T  3
reaction of peroxy radicals with diphenylamines at 65° °  -0.2 - X ,
to give a p of —0.89, correlated with a+. The <r+ ' v
correlation implies significant polar contributions to the E_C'
transition state for hydrogen removal, as has been ~°4 -o's -0'6----- Iqa----- ^ ------- 0------- tz------ cm-------
demonstrated for a variety of free-radical reactions.18'19 a +
Since formation of the hydroxyl radical20 is unlikely16'21 . , .
in weakly basic or neutral solution, the permanganate FlgUre °“ the °xidati°n °f+N'phenyl-2‘

, 1 , 1. 1 1 1 , napntnylamme by potassium permanganate,ion seems the most probable hydrogen abstraction
reactant.

Experimentally, a rigorous distinction cannot be JUga,f  acidt  which is known to disproportionate25
made between a hydrogen atom transfer and a two-step ra*?1 y !rl ncldra or ]vea!t,y daslc mcdla t0 permanga-
sequence involving electron transfer at nitrogen, fol- nateand manganese dioxide.
lowed by rapid loss of a proton to oxyanion or some 6ArNHPh +  6Mn04-  — > 6ArNPh +  6HMn04-  (9)
other base22 (eq 7, 8). I t  is probable that reaction 8 ,

6ArNPh — >  3(ArNPh)2 (Scheme I) (10)

>N H  +  Mn° 4“ >  > N ' +  MHn04-  (7) 6HMn04-  — >- 4Mn04-  +  2Mn02 +  2H20 +  2011 -  (11)
>N H  +  M n04-  — > >NH+ MnO,2“ (8a)

>NH+ +  M n042- (OH-) — >- >N - +  MHn04-(H 20) (8b) E xp erim en tal S ection

would exhibit a substituent effect much larger than that w e r e S a r l e f o ^  ioo-p'thicknei^Eaitm a^
observed experimentally. If a radical cation is in- “ Chromagram” ) by developing in carbon tetrachloride,
volved, its lifetime is insufficient to have any effect on Compound 4a was completely resolved on a thicker (250-p)
product formation silica layer (Brinkmann). After visualization with ultraviolet

An alternative mechaniern would involve electron ^ C g°,ihr „ f
transfer from the aromatic nucleus, such as is operative and concentrations were determined by ultraviolet absorption at
in the cobalt(III) oxidation of aromatic hydrocarbons.23 305 nm for compounds la~3a and 365 nm for 4a. Gas chroma-
This type of reaction, however, is characterized by a tography1 was used as an independent method for la, which was
much higher p value ( - 2 .4  at 65°). The good fit sometimes incompletely resolved from 2a. Compounds la

i r  . 1 , ... , ® , and lc - lg  were determined in reaction mixtures by glpc with a
observed with methoxy substituents discounts a change 10.ft silicone rubber column, using m-diphenoxybenzene as an 
of mechanism with substituent. Nave and Tra- internal standard.
hanovsky24 observed both TO- and p-rnethoxy to be The nmr method employed earlier1 was found unreliable for 
greatly enhanced in reactions of cerium(IV) which quantitative purposes. Broadening of the N -H  absorption of
change to a w-electron-transfer mechanism in the pres- Thk af curatf; lntegradon diffi+cult-, ,., , y  1 his is believed to be due to impurities m the reaction mixture,
ence 0 1  stro n gly  electron -don atin g substituents. possibly oxidation products of acetone.

In summary, the oxidation of 1 may be described as Materials.— Preparations of la-4a have been described.1
originating in a hydrogen transfer from the amino N-Aryl-2-naphthylamines lc - lg  were prepared by the iodine- 
group to permanganate, followed by coupling of amino catalyzed reactions of the appropriate anilines with 2-naphthol.“
0  j .  , , , , ™  . ... , . , 7 . , Melting points agreed with literature values, and ultraviolet and
radicals to products. T h e  in itia l oxidation, of am ine b y  nmr spectra confirmed structures. Contrary to the original
perm anganate produces m angan ate ion (or its  con- reference, extensive dehydrochlorination took place during the

reaction of p-chloroaniline with 2-naphthol; the only product
(17) See G. A. Russell and R . C. Williamson, Jr ., J .  Amer. Chem. Soc., iso la ted  w as l a .

86, 2357 (1964), and references cited therein. 2-Amino-l-nitronaphthalene (5), mp 126-127°, was used as
(18) I. T . Brownlie and K. U. Ingold, Can. J .  Chem., M , 2419 (1967). received from Aldrich Chemical Co., Inc. Other materials are
(19) (a) G. A. Russell, J .  Amer. Chem. Soc., 78, 1047 (1956); (b) G. A. described below. Conditions for the copper-catalyzed arylation

Russell, J .  Org. Chem., 23, 1407 (1958); (c) J .  A. Howard and K. U. Ingold, of amino groups have been described.1 Anhydrous potassium
Can. J .  Chem., 41, 1744, 2800 (1963). carbonate was employed as the base for these reactions. Changes

(20) (a) M. c. R. Symons, J. Chem. Soc., 3956 (1953); (b) J. Kenyon in solvent or reaction time are noted where appropriate.
and M. C. R. Symons, ibid., 3580 (1953); (c) A. Schlund and H. Wendt, l-Nitro-N,N-diphenyl-2-naphthylamine (6).— The copper-cata-
Berio u r T w ? * '  nhem; ' l 2’ an 9 7 7  hqasi I^ed reaction of 5 (10 g, 0.053 mol) with excess iodobenzene(21) W. A. Waters, Quart. Rev. (London), 12, 277 (1958). /11A l  • u  j  ^

(22) The two-step sequence has been considered in the reactions of or- (llO ml) serving as solvent yielded 12 g of Crude product. Chro-
ganic free radicals and atoms; grounds for its rejection are given by G. A. matography over alumina and recrystallization from diethyl
Russell, Tetrahedron, 6, 101 (1959). The behavior of permanganate is too ether produced 8.69 g (48% yield) of red, Crystalline 6, mp
different from organic free radicals to include it categorically in these argu- 153.5—154.5°. The infrared spectrum showed no NH absorption,
ments. A n a l .  Calcd for C22Hi602N2: C, 77.63; H, 4.74; N , 8.23.

(23) E . I. Heiba, R. M, Dessau, and W. J .  Koehl, Jr., Amer. Chem. Soc., Found: C, 77.69; H, 4.78; N, 8.03.
Div. Petrol. Chem., Prepr., 14 (2), A-44 (1969). ----------------------

(24) P. M. Nave and W. S. Trahanovsky, J .  Amer. Chem. Soc., 90, 4755 (25) Reference 8, p 2.
(1968). (26) E . Knoevenagel, J .  Prakt. Chem., [2] 89, 1 (1914).
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N',N'-Diphenyl-l,2-naphthylenediamine (7).— A solution of g (53% yield) of recrystallized 9, mp 207-208.5°, mmp 205-208°.
6 (4 g, 11.8 mmol) in 200 ml of diethyl ether was added alternately The infrared spectrum was identical with that of the authentic 
with small portions of water (1 ml total) to 4 g of aluminum amal- sample described above.
gam27 during 1 hr at room temperature. The solution was stirred l,4-Diphenyl-l,4-di(2-naphthyl)-2-tetrazene (10).— A solution
for an additional 1 hr, filtered, and dried over K 2COs. The prod- of potassium permanganate (2.69 g, 0.017 mol) in 500 ml of
uct was eluted from alumina with diethyl ether and recrystallized acetone was added dropwise during 3 hr to an acetone (100 ml)
from the same solvent to give 1.88 g (51% yield) of colorless 7, solution of l-phenyl-l-(2-naphthyl)hydrazine28 (6 g, 0.0256 mol)
mp 171-172°. The infrared spectrum showed NH absorptions cooled in a Dry Ice-acetone bath under nitrogen. Stirring was
at 3405 and 3490 cm-1. continued at —78° for an additional 1 hr. The reaction was

Anal. Calcd for C22H18N2: 0 ,8 5 .13 ; H, 5.84; N, 9.03. allowed to warm to 5° and filtered. The filtrate was evaporated
Found: C,85.29; H,5.90; N,9.04. to 60 ml at reduced pressure, stored at — 18° for 16 hr, and filtered

N-(2-Naphthyl)-N',N'-diphenyl-l,2-naphthylenediamine (8).—  to give 3.72 g (62% yield) of tetrazene 10 as a rust-colored pow-
This compound was prepared by the copper-catalyzed reaction of der. The crude tetrazene was recrystallized with minimum
1 g (3.22 mmol) of 7 with 0.818 g (3.22 mmol) of 2-iodonaphtha- decomposition by dissolving in boiling it methylene chloride (30
lene. ra-Dodecane was used as solvent, and reaction time was 6 ml), adding absolute ethanol (25 ml) gradually, and cooling,
hr at 200°. After distillation of the solvent under a stream of ni- Recovery of the pale yellow product was 70-80%. Decomposi-
trogen, the crude product was eluted from alumina with benzene tion points at several heating rates were determined with a Du
to give 0.9 g of a pale yellow glassy solid. The thin layer chroma- Pont 900 differential thermal analyzer (deg/min, decomposi-
togram showed that only a small amount (ca. 5% ) of diarylation tion point): 2 ,10 1; 5,107; 10 ,111; 30,114. The decomposi-
had occurred. The product was reluctant to crystallize, and tions of solid samples were strongly exothermic and those at fast
seed crystals were obtained by allowing the glassy solid to stand heating rates appeared to be explosive. Thermolysis in solution
under absolute ethanol at room temperature for 6 weeks. Crys- was controlled and yielded 99 ±  1%  of the theoretical azo nitro-
tallization of the main lot from ether-alcohol yielded 0.477 (34% gen. The infrared spectrum showed a complete absence of NH
yield) of 8, mp 130-130.5°. The NH absorption at 3400 cm“ 1 bonds in the recrystallized product; uv max (2% CH3CN-98%
had the intensity required for one NH bond per molecule.1 C2H6OH)29 350 nm (e 2.22 X 10s), 316 (1.9 X 104), and 274 (2.36

Anal. Calcd for C32H24N2: C, 88.04; H, 5.54; N , 6.42. x  104).
Found: C, 87.97; H, 5.60; N, 6.36. Anal. Calcd for C32H24N 4: 0 ,8 2.73; H, 5.21; N , 12.06.

N-(2-Naphthyl)-N,N',N'-triphenyl-l,2-naphthylenediamine Found: C, 82.62; H, 5.24; N, 11.95.
(9).— The copper-catalyzed reaction of 8 (0.834 g, 1.91 mmol) Photolysis of 10 was conducted under nitrogen in a quartz
with excess iodobenzene (10 ml) as solvent yielded after chro- reactor with 2537-A light for 10 hr at 5°. Nitrogen evolution was
matography 0.824 g of pale yellow glassy solid, which crystallized 93% of theory,
within 1 hr upon addition of diethyl ether. Recrystallization
from diethyl ether afforded 0.584 g (59% yield) of 9, mp 205- Registry No.— la , 135-88-6; 2c, 23854-07-1; 2d,
207°. No NH absorption was observed in the infrared spectrum. 23854-08-2; 2e, 23854-09-3; 2f, 23854-10-6; 2g,

Anal. Calcd for C^H^N,: C 89.03; H, 5.50; N , 5.47 . 238 54-11-7 ; 6, 23854-12-8; 7, 23854-13-9; 8, 23854-
F Reaction’ of 3N-(2-NaphthyD-N,N'-diphenyl-l,2-naphthylene- 14-0; 9 , 23890-44-0; 10, 23854-15-1.
diamine (3a) with lodobenzene -U n d e r the condhions described and p Tfl RpK[ ^  ^  ^
above, 3a (1 g, 2.3 mmol) reacted with iodobenzene to give 0.b27 K6z°’m \ 14 j^3 a966)

(27) L. F . Fieser and M. Fieser, “Reagents for Organic Synthesis,” (29) Acetonitrile was used to rapidly dissolve the tetrazene before dilu-
John Wiley & Sons, Inc., New York, N. Y „ 1967, p 20. tion with alcohol in order to avoid decomposition from prolonged stirring.
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A series of vinylidinebisdialkylamines, R2C— C(NMe2)2, were oxidized by silver ion in acetonitrile solvent, 
yielding diamidinium salts via dimerization. Cyclization is also possible by this method, which is believed to 
involve radical cation intermediates.

While enamines and related compounds have been It seemed reasonable to assume that enamines would
the focus of extensive research in recent years, rather readily give up electrons to form reactive intermediates,
limited attention has been paid to their oxidation.2-7
We felt that vinylidenebisdialkylamines (ketene-N,N- Results and Discussion
acetals), a somewhat less common class of enamines,
would be ideally suited as substrates for oxidation. It The observation that led to the present study 
is, of course, well known that olefinic systems having was that 9 - [bis (dimethylamino) methylene Jnuorene (1)
electron-withdrawing substituents will reductively ac- gradually turned blue on exposure to air and that the
cept electrons, giving rise to subsequent reactions.8 blue material was esr active. Bromine vapors caused

the same transformation even more rapidly, and the 
... _ . , . . . „  . , , T a w w, i i  oxidizing system settled on as the most convenient and(1) Reported in part by H. Weingarten and J .  S. Wager, Tetrahedron a  J  . . . ..

Lett., No. 38, 3267 (1969). f r e e  o f  s id e  r e a c t i o n s  w a s  s i l v e r  n i t r a t e  m  a c e t o n i t r i l e .
(2) f . a . Bell, r . a . Creiiin, h. Fujii, and a . Ledwith, chem. Commun., Oxidation of 1 with silver nitrate produces a deep
(3) M. E . Kuehne and T . J .  Giacobbe, J .  Org. Chem., 33, 3359 (1968). b l u e ,  e S r  a c t i v e 9 S o lu t io n  o f  r a d i c a l  C a t io n ,  w h i c h  C a n  b e
(4) f . Bohimann and h . Peter, Chem. Ber., 99,3362 (1966). isolated as a copper-colored crystalline hexafluoro-
(5) v . Van Rheenen, Chem. Commun,, 314 (1969). p h o s p h a t e ,  2 .  A l t h o u g h  1 a n d  2  c a n  b e  r e v e r s i b l y
(6) L. P. Vinogradova, G. A. Kogan, and S. I . Zav yalov, Izv. Akad. , ,  , , , - n o -  i j . j.

Nauk sssr , Ser. Khim.., 1061 (1964). mterconverted electrochemically9 m  what appears to
(7) C. S. Foote and J .  Wei-Ping Lin, Tetrahedron Lett., No. 29, 3267

(1968). (9) An esr study and an electrochemical study will be reported else-
(8) M. M. Baizer, J .  Electrochem. Soc., Ill (2), 215 (1964). where: J .  Fritsch, H. Weingarten, and J .  D. Wilson, in press.
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T a b l e  I

P h y s ic a l  C o n s t a n t s  a n d  E l e m e n t a l  A n a l y s e s  o f  D ie n e t e t r a m in e s

Compd Yield. Calcd, %---- , ,---- Found, %---- , Md or bD
n°- C°mpd‘ % C H N C H N Nmr.r “  (m m)’
12 CH2[CH=C(NMe2)2]2 52 65.1 11.6  23.3 64.9 11.5  23.6 (C.H.) 6.28 (t, 1, J  = 7 Hz), 73(0 .1)

7.17 (t, 1, /  = 7 Hz), 7.31 (a, 6),
7.61 (s, 6)

14 +CH2CH=C(NMe2)2]2 40 66.1 11.8  66.4 11.6  (C6H6) 6.25 (m, 1), 7.32 85 (0.1)
____  (s, 6), 7.58 (s, 6), 7.70 (m, 2)

15 CH2[CH2CH— C(NMe2)2]2 74 . ( C6H6) 6.30 (t, 1) 7,35 (s, 6), 87(0.1)
7.61 (s, 6), 7.89 (m, 2), 8.44 (m, 1)

17 (Me2N)2C = 0 = c(NMê  61 68-5 n -5 20-° 68.4 11.4 19.6 (CD,CN) 7.34 (s, 1), 7.42 (s, 6), 100(0. 15)
mr C A ™ .  , 7.44 (s, 6), 7.90 (m, 2), 8.45 (m, 1)

19 65 68.5 11.5  20.0 68.6 11.8  19.7 (C.H.) 7.38 (s, 3), 7.69 (s, 1) 83-85 .

21 (Me,N)2C=<^^C(NMei)3 73 66.6 11.2 66.9 10.9 (CD,CN) 6.47 (s, 1), 7.46 (s, 1) 100(0.2)

22 (Me..N)2C=i^v |=C(NMe2)2 ^  • ‘ * (CD3CN) 7.13 (m, 1), 7.42 (s, 12), 98 (0.15)
I---- 1 7.75 (m, 2)

° See ref 10- b These compounds are very atmosphere sensitive and in some cases we were not able to obtain satisfactory elemental 
analyses.

be a one-electron process, we have not been able to The results of the oxidation of propenylidenebisdi- 
determine if the radical cation is dimerized to any extent. methylamine [CH3CH =C (N M e2)2, 10] further wakened 
If the dimer exists, it must be in dynamic equilibrium our interest in the reaction for its possible synthetic 
with the radical cation. utility as a carbon-carbon bond-forming process.

The result of silver-ion oxidation of 2-methylpro- When 10 is oxidized under the reaction conditions, the
penylidenebisdimethylamine [(CH3)2C =C (N M e2)2, 3], primary product is a dl and meso mixture of 1,1,4,4-
although varying from the oxidation of 1, is consistent tetrakis(dimethylamino)-2,3-dimethylbutane-l,4-diyl- 
with the formation of a radical cation intermediate. + +
The only observable reaction is disproportionation, ium nitrate [(Me*N),CCH(CH»)CH(CH,)C(NMe,)r-
yielding an equal mixture of l,l-bis(dimethylamino)- 2N 03~ 11], corresponding to 7 above. Loss of pro-

+ tons to starting product 10 does not occur to any great
isobutylium nitrate [(CH3)2CHC(NMe2)2N 0 3- ,  4] and extent, indicating that it may not be necessary to
1, l-bis(dimethylamino)methylallylium nitrate [CH2= C -  sacrifice half of a rather esoteric starting material in

+ the process. The structural assignment of 11 was
(CH3)C(NMe2)2N 03~, 5], confirmed by independent synthesis.

Vinylidenebisdialkylamine (6), the parent enediamine To explore the possible generality of the process we 
of the series, yields yet a different result on oxidation. turned our attention to the interesting prospect of 
Dimerization takes place and the ultimate product ring-forming reactions. A series of dienetetramines

x , „A + were PrePared by methods already described10 (see
2— ( e2)2 +  g Table I) and subjected to oxidation. N ,N ,N ',N ',-

| N " ,N " ,N " ',N , , '-O ctam ethyl-l,4-pentadiene-l,l,5,5-
| tetramine (12), on oxidation with silver nitrate, affords

, , ,  XT-* Ar-tr r<TT A x™  x , o* a high yield of a mixture of cis- and ¿ran.s-cyclopropyl-
(Me2N)2CCH2CH2C(NM e2)2 +  2Ag enebis(dimethylaminomethylium) nitrate (13) The

| structural assignment was made by hydrolysis of 13
y 2 (6> to the corresponding diamide and comparison with

, , ,  xT, .. „ TTr,„  , , n„TT + , authentic diamide.11 The cis/trans ratio in 13 is about
(Me2N)2C CHCH C(NMe2)2 +  2CH3C(NMe2)2 2:3,  whereas the cis/trans ratio in the corresponding

| diamide is about 1:5.  It is almost certain that 13 is
| 2Ag+ isomerized in the hydrolysis media, since addition of

trace amounts of 6, a strong base, to an acetonitrile 
(Me2N)2CCH =CH C (N M e2)2 +  2Ag solution of 13 causes the nmr peaks attributed to the

9 cis isomer to disappear while the cis diamide is stable
to base. N ,N ,N ',N ',N ",N ",N ",,N " ,-Octamethyl-l,5- 

i® 1,1,4,4-tetrakis(dimethylamino)-2-butene-l,4-diylium hexadiene-l,l,6,6-tetramine (14), however, on oxida-
nitrate (9). The intermediate 7 is no doubt first tion gave only a complex mixture which included poly-
formed and converted into l,l,4,4-tetrakis(dimethyl- meric substances. Comparison of nmr spectra of this
amino)butadiene (8) by reaction with additional 6, mixture with those of the expected authentic cyclo-
and 8 is then rapidly oxidized to 9. The compound 8 butane derivatives suggested that 1,2-cyclobutanes
was prepared independently10 and shown to be readily may be present, but in yields below 15%. No cyclo-
oxidized to 9. A mixture of 8 and 9 in acetonitrile butane derivative was actually isolated,
solvent is strongly esr active and the activity persists
i n d e f i n i t e l y .  ( l l )  a . T . Blomquist and D. T , Longone, J .  Amer. Chem. Soc., 81, 2012

(1959). The cis isomer was supplied by C. F . Hobbs, Monsanto Co., St.
(10) H. Weingarten and W. A. White, J .  Org. Chem., 31, 2874 (1966). Louis, Mo.
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As might be expected, five-membered rings are Experimental Section
formed quite readily. N ,N ,N ',N ',N " ,N ",N "',N "'- „ + , , . . , ,  v  . , , . fin
Octamethyl-1,6-hep tadiene-1,1,7,7-tetramme (15) is ox- spectrometer. Melting points and boiling points are uncor-
idized in high yield to l,2-cyclopentylenebis(dimethyl- rected. All operations involving the ketene N,N-acetals were
aminomethylium) nitrate (16). The structural assign- performed in an atmosphere of dry nitrogen,
ment of 16 is based on its hydrolysis to diamide and Preparation of 9-[Bis(dimethylamino )methylene] fluorene Sad- 
comparison with authentic sample (only tram  diamide (1 47 mmol) of AgN0/ in / ml of ^ etonitrile is added a solution
is observed). The above three examples indicate that 0f o.370 g (1.40 mmol) l in 5 ml of acetonitrile. The reaction
the normal order of ease of ring closure applies in this mixture turns deep blue immediately and a near quantitative
reaction. precipitate of metallic silver appears. The solution is filtered

and the filtrate is added to a 25-ml aqueous solution of NaPF6

< C(NMe2)2 pfMM 1 (excess). A dark precipitate of 2 is formed, collected, and dried:
_ ' 62 2 wt 0.43 g (75%). The precipitate is recrystallized from aceto-

2 N03 \ J  2NO-  nitrile-methanol, yielding copper-colored crystals.
+ '-----C + 3 Anal. Calcd for C18H2oN2PF6: C, 52.8; H, 4.9; N, 6.S.
C(NMe2)2 C(NMe2)2 Found: C, 52.6; H, 4.9; N, 6.6.

13 (cis and trans) 16 Preparation of l,l-Bis(dimethylamino)-2-methylallylium Tetra-
phenylborate (5a).13— To a solution of 2.4 g (0.014 mol) of AgN 03 

+ a ia 25 ml °f acetonitrile is slowly added a solution of 2.0 g (0.0156
mol) of 3 also in 25 ml of acetonitrile. The reaction is exothermic

/  \  -  __  and a black precipitate appears immediately. The solution
\  /  3 3 + /  \  + _ above the precipitate is clear and colorless. The reaction mixture

'— \ « n m  (Me2N)2C— d )>— C(NMe2)2 2NO;i”  is filtered and an excess of ether is added, precipitating the nitrate-
'■a " e'2'2 ^  '  salt mixture. Solvent is removed from the solid, 2.5 g (90%),

18 20 which is then dissolved in 20 ml of water. Sodium chloride
solution is added to remove excess silver ion, the resulting mix- 

We next turned our attention to bicyclic synthesis. ture is filtered, and 0.5 equiv of KOH solution is slowly added 
l,3-Bis[bis(dimethylamino)methylene]cyclohexane (17) with constant nmr monitoring. The resultant solution is added 
is smoothly and in high yield converted into (° a saturated solution of NaB(C6H6)4 and a precipitate of 5a

bicyclo[3.1.0]cyclohexan -1,5 - ylenebis(dimethylamino- yif,d ?''Ls / 87 “(“I T ? q5,~f',26f, s ■ / , /1oX ™  ,  , 1  • , , 20), 4.30 (m, 1), 4.50 (m, 1), and 6.98 (s, 12), and 9.14 (m, 3).
methylium) nitrate (18). The structural assignment of This salt is reerystallizable from acetonitrile-water.
18 rests on its hydrolysis to diamide and comparison Anal. Calcd for C32H37N2B: C, 83.5; H, 8.1; N, 6.1. 
with authentic diamide.12 The 1,4 isomer of 17, Found: C, 83.6; H, 7.9; N, 6.1.
1,4-bis [bis (dimethylamino) methylene (cyclohexane (19), Preparation of 1,1,4,4-Tetrakis(dimethylamino)-2-butene-1,4-

is converted not into the hoped for [2.2.0] system but X T .  S S ’S X f f i o f h r ' . O X l «  
into the expected open-chain 1,1,6,6 tetrakis(dimethyl- slowly a solution of 2.28 g (0.0200 mol) of 6 in 10 ml of acetoni-
amino)-2,5-bis(methylene)hexane-l,6-diylium nitrate trile. The reaction is exothermic and black precipitate forms
(20). immediately. The reaction mixture is filtered and added to an

Attempts were also made to convert 1,3-bis [bis- ®xce3S °f dry ether. A  second phase oils out and is separated
/,• ,, i . v  ,i , i i , , i , „  from the solvent layer, ih e second phase is dissolved m meth-
1(d™ et!lylam iri0)m ethy]elle]c-ycl0butilIle (21> and b 3 - anol and treated with NaPFe, yielding a precipitate of 9a: yield
bis [bis(dimethylamino)methylene]cyclopentane (22) 2  g <78%);14 nmr (CD3CN) r  2.86 (s, 1) and 6.78 (s, 12). This
into the corresponding bicyclo derivatives, but all compound is reerystallizable from acetonitrile-ether,
attempts, even at low temperatures, failed to yield the Anal. Calcd for Ci2H26N4P2Fi2: C, 27.9; H, 5.1; N, 10.9. 

desired products. It is possible, of course, that the Fo£“dj  r C..’ 28'2f; ,H,’ f ;TN/  .. , . , . . .
bicychc systems are formed but that the amidimum diylium Hexafluorophosphate (9a). Method II.— To a solution 
substituents considerably lower the barrier to the open- of 0.073 g (0.32 mmol) of 8 in 1 ml of acetonitrile is added slowly
ing of the strained rings. a solution of 0.11 g (0.65 mmol) of AgN 03 also in 1 ml of aceto-

While no mechanistic studies, as such, have been nitrile. An exothermic reaction takes place producing a black
,, , ... _____ , i  ; , precipitate and an amber solution which becomes colorless when

, the addition of silver salt is complete. The reaction mixture is
constructed based on the information at hand. If we filtered and the filtrate is added to excess ether. A second phase
accept the electrochemical evidence (esr, cyclic volt- is formed which is separated from the solvent and then dissolved
ammetry, and coulometry) which suggests radical cat- 111 methanol to which is then added NaPF6. The precipitate
ions as the first intermediates, the chief remaining which is formed, 0.15 g (90%), is identical in every way with that

question is whether two radical cations dimerize or Preparation of l,l,4,4-Tetrakis(dimethylamino)-2,3-dimethyl- 
whether the radical cation reacts with starting enedi- butane- 1,4-diylium Hexafluorophosphate ( lla ) .— To a solution
amine. Two facts bear on this question: (1) we of 3.6 g (0.021 mol) of AgN03 in 30 ml of acetonitrile is added
have not been able to induce free-radical polymeriza- slowly a solution of 2.5 g (0.019 mol) of 10 in 20 ml of acetonitrile.
tion of styrene or isoprene under conditions where the A” ,exo1tĥ mio paction takes place producing a black precipitate

i- n • i_ v  i , , „ and a light amber solution. I his solution is decanted from the
adical cation is believed to be generated (oxidation of silver precipitate into 100 ml of dry ether. The second phase

6 ) ( 2 )  enediamine 6 is not incorporated into poly- which forms is separated, dried, and then dissolved in methanol,
ethylene formed by free-radical polymerization nor This methanol solution is added to a saturated solution of NaPFg
does it inhibit the ethylene polymerization These also in methanol. The precipitate of lla which forms is dried

experiments suggest the radical to be reasonably stable £ , 5 % ^
and a poor free radical initiator, and the enediamine to and 8.54 and 8.66 (m, 3) (dl and meso in a ratio of about 1:3, not
be a poor radical sink. Therefore, we believe that the assigned),
most plausible mechanistic model involves dimeriza- ----------------
tion  of tw o radical cations. (13) The letter a following a bold-face numeral signifies an anion other

than nitrate.
(12) H. Prinzbach, H. Hagemann, J .  H. Hartenstein, and R . Kitzing, (14) The yield is based on using one-half of compound 6 as a proton

Chem. Ber., 98, 2201 (1965). scavenger.
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A n a l . Calcd for Ci4H32N4P2F12: C, 30.8; H, 5.9; N, 10.3. nitrile (plus 5 ml of benzene to solubilize the amine). An exo
hound: C, 30.9; H, 6.0; N, 10.3. thermic reaction occurs yielding a clear solution and a black

Preparation of Cyclopropylenebis(dimethylaminomethylium) precipitate. The reaction mixture is filtered and the filtrate is
Hexafluorophosphate (13a). To a solution of 2.0 g (0.012 mol) evaporated. The residue is dissolved in water and treated with
of AgN03 in 10 ml of acetonitrile is added slowly a solution of 1.2 NaPF6, which precipitates 18a. The salt can be recrystallized
g (0.0050 mol) of 12 in 15 ml of acetonitrile (1 ml of benzene from acetonitrile-chloroform: yield 5.0 g (88%); nmr (CDSCN)
added to solubilize amine). An exothermic reaction follows. r 6.74 (s, 3) and 7.25-8.06 (m, 1).
The filtrate is decanted from the silver precipitate and the solvent A n a l .  Calcd for Ci6H32N4P2F12: C, 33.7; H, 5.7; N, 9.8.
is removed. The residue is dissolved in water and the product is Found: C, 33.4; H, 5.5; N, 9.6.
precipitated by the addition of NaPF6 solution. The precipitate Hydrolysis of the above salt in dilute KOH solution yielded a 
of c is -  and t r a m -  13a can be recrystallized from acetonitrile- diamide having an nmr spectrum identical with that of authen-
chloroform without significant fractionation: yield 2.24 g tic N,N,N',N'-tetramethyl[3.1.0]bicyelohexane-l,5-diearbox-
(85%); nmr (CD3CN) r 6.78 and 6.80 (s, 6) { c i s / t r a n s  ratio 2:3), amide.12
and 7.17-8.25 (m, 1). Preparation of l,l,6,6-Tetrakis(dimethylamino)-2,5-bis(meth-

A n a l . Calcd for Ci3H28N4P2Fi2: C, 29.5; G, 5.3; N, 10.6. ylene)hexane-l,6-diylium Hexafluorophosphate (20a).—To a
Found. Cj 29.7, H, 5.3, N, 10.3. solution of 0.40 g (2.3 mmol) of AgN03 in 5 ml of acetonitrile is

Hydrolysis of the above salt in dilute KOH solution yields a added slowly a solution of 0.25 g (0.89 mmol) of 19 also in 5 ml of
mixture of amides { c i s / t r a n s  ratio, 1:5) identical with the authen- acetonitrile. An exothermic reaction takes place depositing a
tic N,N,N',N'-tetramethyleyclopropanedicarboxamides,u black precipitate. The supernatant liquid remains clear and

Preparation of l,2-Cyclopentylenebis(dimethylaminomethyl- colorless. The supernatant liquid is decanted and the solvent is
ium) Hexafluorophosphate (16a).—To a solution of 4.0 g (0.024 removed. The residue is dissolved in methanol and treated with
mol) of AgN03 in 40 ml of acetonitrile is added slowly a solution NaPF6, producing a precipitate of 20a which is recrystallizable
of 2.68 g (0.010 mol) of 15 in 20 ml of acetonitrile. The reaction from acetonitrile-methanol: yield 0.46 g (90%); nmr (CD3CN)
is exothermic and a black precipitate is deposited. The reaction r 4.10 (s, 1), 4.26 (s, 1), 6.85 (s, 12), and 7.56 (s, 2).
mixture is filtered, the filtrate is evaporated, and the residue is A n a l .  Calcd for CieH32N<P2F,2: C, 33.7; H, 5.7; N, 9.8.
dissolved in water. This aqueous solution is treated with NaPF6 Found: C, 33.9; H, 5.55; N, 10.0. 
yielding a precipitate of 16a, which can be recrystallized from
acetonitrile-chloroform: yield 5.1 g (91%); nmr (CD3CN) Registry No.— 2, 12408-23-0; 5a, 23883-43-4: 9a, 
t5.95-6.50 (m, 1), 6.79 (s, 12), and 7.35-8.05 (m, 3). OQfilK Qi q. j 7 i 1o OQC/tA oa n 11 noonn jo o

A n a l . Calcd for C16H32N4P2Fi2: C, 32.3; H, 5.8; N, 10.0. 23846-95-9, la, 23846-96-0; meso-1 la, 23890-42-8;
Found: C, 32.1; H, 5.6; N, 9.8. 12,23853-17-0; m-13a, 23942-64-5; trans-U a, 23942-

Hydrolysis of the above salt in dilute KOH solution yielded a 65-6; 14,23853-19-2; 15,23853-18-1; 16a, 23846-97-1;
diamide identical with authentic ¿rows-N,N,N',N'-tetramethyl- 17, 23853-20-5; 18a, 23890-43-9; 19, 23853-97-6;
cyclopentane-1,2-dicarboxamide (mass spectrum and nmr spec- 2 0 a 23846-98-2’ 2 1  23853-98-7’ 2 2  23853-99-8 
trum identical). ’ > > ’ ’

Preparation of Bicyclo[3.1.0]cyclohexan-1,5-ylenebis(dimethyl- Acknowledgment—The authors sratefnllv oeknowlaminomethylium) Hexafluorophosphate (18a).—To a solution ACJmowieagment. llie  auttiors gratefully acknowl-
of 3.7 g (0.022 mol) of AgNCH in 50 ml of acetonitrile is edge the contribution of Professor Jordan Bloomfield,
added slowly a solution of 2.8 g (0.01 mol) of 17 in 30 ml of aceto- who generously supplied a number of authentic samples.

The T herm al Cleavage of Selected Aldehyde Hyrazonium  Salts
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D ep ar tm en t o f  th e A rm y , H a r r y  D ia m o n d  L a b o r a to r ie s ,  W ash in g ton , D . C . 2 0 / 3 8  

E lizabeth L. Andebson111 and Maby H. A ldbidge

D ep ar tm en t o f  C h em istry , T h e  A m e r ic a n  U n iv ersity , W ash in g ton , D . C . 2 0 0 1 6  

R ece iv ed  S e p te m b e r  2 2 , 1 9 6 9

+
A series of aldehyde trimethylhydrazonium salts, RCH=N-N(R')3 A- , has been pyrolyzed. This class of 

salts cleaved at temperatures of 240-250° to give low yields of the corresponding nitrile. Compounds prepared 
by replacing two of the three methyl groups with cyclic methylene substituents were found to undergo rapid 
cleavage at 240° to afford high yields of the desired nitrile.

A survey of the literature revealed several reports was felt that changing the basicity of the anion, A - ,
that aldehyde trimethylhydrazonium salts undergo a as well as placing electron-withdrawing or -releasing
/8 elimination in alkaline solution to give good yields groups on the aldehyde substituent (aromatic series),
(51-93% ) of the corresponding nitrile.2-4 However, should effect the yield of nitrile. However, this ap-
no study of the thermal decomposition of this class proach was found to have less influence on the yield
of compounds has been reported. __ __+ A

An interest in pyrolyzable precursors to nitriles RCH^-N ^N(R)3 *■ RCN + (R)3N*HA
prompted us to prepare and thermally cleave a series H' '̂a-
of aldehyde hydrazonium salts. It was proposed that a
thermally induced 3  elimination might afford high °f nitrile than did partial replacement of the methyl
yields of the desired nitrile and ammonium salt. It groups with bulkier substituents.

(1) (a) To whom all correspondence should be addressed: Amoco . . j  ts 1+
Chemicals Corporation, Whiting, Ind. 46394. (b) Portions of this work DlSCUSSlOH EHU xCCSUltS
were done by E . L. Anderson in partial fulfillment of the Ph.D. require- . .
ments of The American University. -A.S £111 6 X t6 IlS 1 0 Il OX OUT p rC V lO U Sly  TBpOTlGCl WOTK,

(2) r . f . Smith and l . e . Walker, j . Org. Chem., 2 7 ,4372 (1962). a series of 3 8  trimethyl quaternary hydrazonium salts
(3) B . V. Zoffee and N. L. Zelevinia, Zh. Org. Chem., 4, 1558 (1969).
(4) K . N. Zelevin and B . V. Zoffee, Vestn. Leningrad XJniv., Fiz., K kim ., (5) P . Foley, E . Anderson, and F . Dewey, J .  Chem. Eng. Data, 14, 272

28, 159 (1968). (1969).
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(1-3) was cleaved at temperatures between 240 and trimethylammonium iodide (5, A =  I ). Attempts
250° for 2 or 10 min in a small pyrolysis apparatus. At to identify other products in the residues were not

made. The tetramethylammonium iodide is probably
__ A  formed by the attack of trimethylamine on the iodide

v —/ f n — PH__\r__n/phn a~ salts 1, 2, and 3, the trimethylamine arising from py-
\hrv 33 rolyzed trimethylammonium iodide (5, A -  =  1“).

Ir analysis of the residues obtained by heating equal
1 molar amounts of hydrazone 6 a and 6 b, and trimethyl-

x  Y A” ammonium iodide (5, A -  =  I - ) at 250° for 2 min
OCH3 H | (6 b) and 10 min (6 a) revealed spectra which were
H H 1 identical in every respect with those obtained from

> I-, Ots ~ ,6 BF.,~, Cl-, SnCh- 2  the individual pyrolysis residues.
NOz n  | Altering the basicity of the anion, A “, did not
^  produce a significant increase or decrease in the yields

+ . of nitriles 4a and 4b. A change of less than 5%  was
CH2[CH2CH=N—N(CH3) ] 2 a -

2 --------------------- 2 (A- = I - ) ---------------------- 1
A- = I “,Br_,Cl-,SnCl6_2,0ta_,C104_,BP4'“,PF6_, AsF6_,N 03_ AgOAc + PhOII j Ag20

+ __ .  /'CH2[CII2CH=N~N(CH3)3]A .__ !
NC(CH2)2C(CH3)2CH=N—N(CH3)3 A- : V RO- )

3 IA- = 1-, C1-, SnClr2, Ots-, C104-  BF4-, p f 6-  no3-  {
,  , . , ,  « , ,  0 0 0 7  *+ 'i a A av. CH2(CH2CN)2 + ROH + (CH3)3Nbest, yields of less than 20% nitriles 4a and 4b were 7

realized, with the formation of much heavy black major products
tar. For aromatic nitriles 4a the most product was R = Ph, c
obtained at pyrolysis times of 10 min; less time left observed. Support for the mechanism of base-induced
much unchanged salt; longer times gave lower yields decomposition by the anion was realized by attempted
and more tar. For aliphatic nitriles 4b a time of 2 preparation of the more basic acetate and phenoxide
min proved best. In addition to the desired nitriles salts of 2. Both compounds were found to eliminate
4a and 4b and the corresponding ammonium salt 5, a in  situ to glutaronitrile (7).6 Hydrazones 6 b were
side product from the reaction, hydrazones 6 a and not found in the reaction residues.

A Only a small enhancement of the yield of desired
1, 2, 3 — > RCN +  (CHs)3N-HA +  RCH=N N(CII3)2 nitrile 4a from the pyrolysis of 1 (X  =  N 0 2; Y  =  H) 

4a’ 4 R _  aromatjc 6a’ 6 was observed, i.e., a slight increase (< 5% ) in the
R = aliphatic yield of p-nitrobenzonitrile was noted. Likewise, a

. .„ , . „ . slight decrease (< 5% ) in the yield of anisonitrile was
6b (2-15% ) were identified in all instances except found when compounds 0f 1 (X  =  OCH3; Y  =  H) 
those involving the perchlorate and nitrate salts of 2 were decomposed
and 3, indicating loss of a methyl group during py- In summary, the aldehyde (R) or anion portions 
roly sis. Formation of hydrazones has been observed of the trimethyl salts 1, 2, and 3 had little effect on
m the alkaline cleavage of trimethylhydrazomumsalts the yie]d of the desired nitrile. T he cause of the
and a mechanism involving nucleophilic attack by w  yieldg of nitrile was recognized as the lability
base on a methyl group has been proposed.^ of the quaternary methyl groups to nucleophilic attack.

Salts 1, 2, and 3 decomposed slowly below 200 For thege reasons we concentrated our efforts on
the necessity for rapid reaction led to the use of replacing the methyl groups with more sterically hin-

240 250 for pyrolysis. The salts darkened slightly dered alkyl groups to prevent dealkylation by nucle- 
above their melting points, then decomposed exo- hilic attack. Likewise, we concentrated our efforts 
thermically to give the desired products and much on two salts> the iodide and fluoroborate of a single
tar. The perchlorate and nitrate salts of 2 and 3 aidehyde, 4-cyano-2,2-dimethylbutyraldehyde (8). Al-
detonated at 240 to give fine black powders that were dehyde g wag chosen because of its commercial avail-
essentia ly inorganic Nitriles 4b and hydrazones 6b abi]ity and because of an interest in the aliphatic
were not detected (ir). dinitrile expected from the pyrolysis of its hydrazonium

Cleavage of the iodide salts of 1, 2, and 3 led to gabg
the formation of an unexpected product Tetramethyl- Aldehyde 8 was condensed with several cyclic hy- 
ammomum iodide was isolated (45-47% ) from each drazineg 9 Formation of hydraz0nes 10 was in each 
residue and its structure was authenticated by ir
spectrum, melting point, and elemental analysis. In _H„o
addition, the corresponding nitriles 4a and 4b and NC(CH2)2C(CH3)2CHO +  H2N N Z
hydrazones 6 a and 6 b, in yields of 20 and 4% , respec- 8
tively, were also found in the residues. After the 9a, Z = (CH2)„
removal of tetramethylammonium iodide and the cor- b, Z = (CH2)5
responding 4a and 4b and 6 a and 6 b, the remaining c, Z -  (CH2)6
material (tar) from each pyrolysis was subjected to d, Z-(CH2)20(CH2)2
ir analysis. Although the spectra were nondescript,
absorptions at 2760 and 1640 cm“ 1 were assigned to jnulh2)2ulh3)x h  n

(6) Ot8, ¡p-toluenesulfonate. 10a—d



Table I
Preparation and Properties op Hydrazonium Salts

\ + ~  _

NC(CH2)2C(CH3)2CH==N—n j s a

Yield, ,-------- Calcd, %-------- . ,--------Found, %-------- ,
Compd Z R A" % Mp, °C S° Formula C H N C H N

lla (CH2)4 CH3 I 90 70-75 P C12H22N3I 42.99 6.62 12.53 42.78 6.26 12.50
lib (CH2)5 CHs I 99 114-116 P Ci3H21N3I 44.70 6.93 12.03 44.63 6.98 12.12
11c (CH2)6 CH3 I 76 149-150 P C14H26N3I 46.28 7.21 11.57 45.96 7.01 11.73
lid (CH2)20(CH2)2 CH3 I 75 114-116 P Ci>H22N8OI 41.03 6.31 11.96 40.74 6.44 11.71
12a (CH2)4 CH3CH2 I 83 84-86 P C13H24N3X 44.70 6.93 12.03 44.72 7.07 12.33
12b (CH2)5 CH3CH2 I 80 119-120 E Ci4H26N3I 46.28 7.21 11.57 46.20 7.21 11.76
12c (CH2)6 CH3CH2 I 70 136-138 E CisH^NJ 57.75 7.48 11.14 47.77 7.48 11.47
12d (CH2)20(CH2)2 CH3CH2 I 79 135-137 E Ci3H24N3OI 42.74 6.62 11.50 42.77 6.67 11.66
13b (CH2)5 CH3 BF4 79 ( i f  70-72 E C13H24N3BF4 50.50 7.82 13.59 50.73 7.71 13.70

89 (2)
13c (CH2)s CHs BF4 75 (1) 70-71 P C14H26N3BF4 52.03 8.11 13.00 52.00 7.84 13.08

87 (2)
13d (CH2)20(CH2)2 CH3 BF4 52 (1) 71-72 E C12H22N3OBF4 46.32 7.13 13.51 46.34 7.15 13.49

92 (2)
14b (CH2)5 CH3CH2 BF4 87 (1) 78-79 M Ca4H26N3BF4 52.03 8.11 13.00 52.32 8.33 12.71

91 (2)
14c (CH2)6 CH3CH2 BF4 80 (1) 91-93 E C15H28N3BF4 53.42 8.37 12.46 53.68 8.21 12.27

87 (2)
14d (CH2)20(CH2)2 CH3CH2 BF4 80 (1) 110-112 M C13H24N3OBF4 48.02 7.44 47.91 7.58 7.58 12.72

83 (2)
“ S, recrystallization solvent; P, isopropyl alcohol; E, ethanol; M, methanol. b Numbers in parentheses refer to the method of 

preparation.

case quantitative. The methyl and ethyl quaternary at 200° for 30 min in an open system. Although 
salts 11 and 12 were prepared by treating hydrazones excellent yields of 2,2-dimethylglutaronitrile (15) were
10 with methyl and ethyl iodide respectively. Yields found using rapid pyrolysis conditions (Pi), consistently
of 11 were 75%  or better while those of the ethyl higher yields of 15 were obtained when the salts were
salts 12 were slightly lower (Table I). decomposed at 200° for 30 min (P2). With iodides

Fluoroborate compounds 13 and 14 were prepared 11 and 12, tar formation was negligible and higher
to compare the yields of nitrile from their cleavage yields of nitrile 15 were found than with fluoroborates
with those obtained from the pyrolyses of 11 and 12. 13 and 14. The yields of hydrazones 10 using method
Both salts 13 and 14 were prepared by treating 11 _______u , ,  andl4_______
and 12 with a methanol solution of silver fluoroborate. p . ’ ’ ’ . I
Salts obtained by this method were slightly colored *1 1 ' T
(gray) and were difficult to purify. Trimethyl and J.
triethyloxonium fluoroborate7 were found to react mp/gh i r t r a  ̂  pm 4- \ O y  * -
rapidly and smoothly with hydrazones 10 and gave ex- •NL(CH2)2L(Ui3)2<JN +  A
cellent yields of the fluoroborate salts 13 and 14 (Scheme 15 ^

16b-16d
Scheme I R = CH3, CH3CH2: A =I~, BF4

R. Pi were 5%  and only trace amounts were detected
KJa-lOd NC(CH2)2C(CH3)2CH=N— N^JZ r  employing method P2 (Table II).

\  lla-d, R = CH3 Table II
\  + 12a-d, R = CH3CH2 Yield op Products from Pyrolysis of Quaternary Salts

CH.Cl:; \(RW )BP4 ,------% nitrile IS----- . % hydrazones lOa-d
\  AgBF, CHjOH Compd Pi“ Pu Pi P2

\  Rv + Ua 90 90 2 ^
NC(CH2)2(CH3)2CH=N— N Z BF4-  “ b l l  80 2 T

J  11c 55 67 4 X
13a-d, R = CH3 lld 95 95 T I
14a A p -  pH rH 12a 49 62 4 T14a-d, R — CH3CH2 12b 80 91 T T

12c 47 52 5 T
I). Salts 13a and 14a were isolated as oils and were I2d 78 87 T T
of no further interest in our work. 13b 68 83 1 T

The series of iodide (11 and 12) and fluoroborate 13c 55 78 5 T
(13 and 14) hydrazonium salts reported in Table I 13d 41 74 1 T
were cleaved by two methods: Pi, rapid cleavage in a  1 4 b  19 f2 f  t
sealed tube at 240° for 2 min; P2, slow pyrolysis *9 „14d 47 7b Z i

(7) H . M e e re in , Org. Syn., 4 6 ,113,120  (1900). 0  P i  and P2 refer to  the method of pyrolysis. 6 T , trace.
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Benzene was used to extract both 15 and 10 from from the pyrolysis of salts 1, 2, and 3 revealed negligible dif-
the residues and both compounds were identified by fermees in the occurrence of absorptions.
vpc analysis. An analytical sample of 15 for com- aidehyde (8, 0.1 mol) and the appropriate hydrazine 9 (0.1 mol)
parison purposes was independently prepared in 68%  were heated at reflux in 150 ml of benzene under a Dean-Stark
yield by the alkaline decomposition of 3 (A-  =  I - ). trap until the theortical amount of water was collected (4-6 hr).

Although the benzene-insoluble residues were not The benzene solution was dried (CaC03), filtered, and concen-
of special interest, each was subjected to ir analysis. trai ! d> giv“ g ^  hydrazones 10I as oils in quantitative yield^
T, , r i  , T /00 .„ Zn a n  Preparation of Iodide Salts 11 and 12.—Hydrazones 10 (0.05
Peaks that could be attributed to C N (2240-2260 mol) in 75 ml of benzene and methyl or ethyl iodide (0.05 mol)
cm -1) and - C = N -  (1620-1640 cm“ 1) absorptions were were heated at reflux for 4 hr. The methyl salts 11 separated
not observed, evidencing complete extraction of nitrile after 10 min. Precipitation of the ethyl salts 12 occurred after
15 and hydrazones 10. In fact, in the ir spectra of * The salts were recrystallized from alcohol and char- 
these residues no significant bands appeared which (1635-I640 cm-D^ ^ ~C==N (2250) and -C N-
could not be assigned to the ammonium salt 16b— 16d Preparation of Trimethyl and Triethyloxonium Fluoroborate.—
(-H N +, 2760-2763 cm-1 ; B F 4~, 1000-1100 cm-1).8 Preparation of these compounds was conducted according to

published directions.7 Yields were 85-90%. Both compounds 
were stored under ether at —20°.

Experimental Section9 Preparation of Fluoroborate Salts 13 and 14. Method 1.—
. Freshly recrystallized iodide salts 11 and 12 (0.02 mol) were

Pyrolysis of Tnmethylhydrazonium Salts (1, 2, and 3). dissolved in 50 ml of warm methanol and added to a solution of
Samples (250 mg) of each salt were placed m a small Hickman- silver fluoroborate (0.02 mol) in 20 ml of methanol. The mixture
type microdistillation flask10 equipped with two condenser was gtirred for 1 hr, filtered, and concentrated giving a crystalline
alembics and lowered into a Wood’s metal bath preheated to 240- product. Repeated recrystallization from alcohol gave pure 13
250 . Aromatic salts 1 were pyrolyzed for 10 mm and the and 14 (Table I): ir (Nuj0l) _C=N  (2250), -C =N - (1635-
aliphatic salts 2 and 3 for 2 min. In general, all salts cleaved with 1640 >, and BF4- (1000-1100 cm-1).
an exothermic reaction after 45 sec, except the perchlorate and Method 2.—Hydrazones 10 (0.01 mol) in 25 ml of methylene 
nitrate salts of 2 and 3 which exploded after 30 sec.11 The resi- chloride were added to trimethyl or triethyloxonium fluoro- 
dues were extracted with benzene and the extracts were concern borate (0,01 mol) in 50 ml of methylene chloride during 1 hr.
trated yielding amsonitnle, p-mtrobenzomtnle, and 2,4-di- The solution was heated at reflux temperature for 1 hr and the
chlorobenzomtnle; each was identified by ir and melting point. solvent was evaporated. Recrystallization from alcohol gave
The benzene extracts containing benzomtrile, glutaronitrile (7), pure 13 and 14
and nitrile 15 were analyzed by vpc; the compounds were ideni- Preparation 2,2-Dimethylglutaronitrile (15).—The method of
fled by mixed injections with authentic samples Yields of all gmith and Walker2 was utilized. Recrystallized 4-cyano-2,2-
mtriles were less than 20%. The corresponding hydrazones 6a dimediylbutyraldehyde trimethylhydrazonium salt (3, A-  = I - ),
and 6b in the benzene extracts were identified by vpc. Yields of 6a 276 g (0.9 mol) was dissolved in 600 ml of absolute methanol and
and 6b were 2 15%. Analysis (it ) of the benzene-insoluble heated at reflux with 48.6 g (0.9 mol) of sodium methoxide until
residues revealed NH+ absorption at 2700-2765 cm-1. the odor of trimethylamine disappeared. Addition of water (500

The residues from the cleavage of the iodide salts were washed ml) and extraction with benzene (700 ml) gave 15: ir (neat)
from the pyrolysis flask with acetone and filtered. Trituration -C^N  (2250 cm-1)
of the solid with hot methanol gavepure tetramethylammonium A n a L  Calcd for'C7H,„N2: C . 68.88; H, 8.19; N, 22.95.
iodide, yield 63-97 mg (45-47%), darkened at 230°, mp >300° Found' C 68 70- H 8 16' N 22 68
(lit.12 mp >230° dec). Elemental analysis and ir further sub- Pyrolysis of'Hydra’zonium Salts' 11-14. Method P,.-Each  
stantiated its structure The acetone extracts were evaporated quaternary salt (0.013 mol) was placed in a 6-in. glass tube
to give b ack residues The readues were extracted with benzene. (1.25-in. i.d.) and sealed. The tube was lowered into a Wood’s
Nitrdes 4a and 4b (20%) and hydrazones 6a and 6b were identi- meta2 bath preheated to 240°. Each sample was pyrolyzed for
fled m the extracts by vpc analysis Analysis of the benzene- 2 min. The tube was cooled and broken> and the residue was
insoluble materials by ir revealed NH+ absorption at 2763-2765 extracted with benzene. Analysis by vpc revealed nitrile 15 and
Cnij .. < Ti j - . , . hydrazones 10 (Table II). The benzene-insoluble materials,
t of_ Hydrazones 5a and 5b with Trimethylammonmm under analysis by ir> revealed inent bands at 2760- 2765
i - t  a iS,,n 4 = i )'-T r imethylammonlum iodide (5 A-  = (-NH+) and 1000-1100 cm-1 for 16 (A-  = BF4- ).
i n  a n n ’ T  m " , Xf i f  o f  Method P2'-Each salt was placed in a Hickman-type micro-hydrazones 4a 10 mm), and with 8 X 10 * mol of 4b (2 mm distillation flask equipped with two condensation alembics,
A comparison of the ir spectra of the residues with those obtained heated slowly to 200° in a sand bath> and kept at that tempera-

(8) L. J .  Bellamy, "T h e Infrared Spectra of Complex Molecule,” 2nd ed’ ture for 30 min. The residues were Cooled, extracted with
John Wiley & Sons, Inc., New York, N. Y „ 1963, p 260. benzene, and analyzed for 15 and 10 as in method P,.

(9) Melting points were determined in open capillaries and are uncorrec
ted. Microanalyses were performed by Galbraith Laboratories, Knoxville, 'R pcriQ trv  N n  __ 1 l a  9 ^ 4 . 0  QPi A . i l k  99A/1Q CA 7 .
Tenn., and by the National Bureau of Standards, Gaithersburg, Md. In- ,  i  q Q A ^  C 7  C . t i i  o o l n o o n  V o  o  o a t  a a*  l ’
frared spectra were determined in mineral oil on a Beckman IR -5  spectro- ^ o u 4 y - o # - o ,  I l Q j  .Z o o 4 y -o o -y J  1 2 8 .} 2 o u 7 4 - 4 7 “-7 J
photometer. Gas chromatograms were recorded on a Varian Aerograph 12b, 23645-66-1J 12c, 23645-67-2J I2d, 23645-68-3;
Model 1520c with a thermal conductivity detector using a stainless n k  OQAd.^ KQ 1 . i  OQA/! PI e n  O . tu A  OQA/1 K a n  K.
steel 6 ft X  V« in. column packed with 5%  EG P, 80-100 mesh, D M CS f  ZZT ?  _  t 7 2 5 5 4 5 - 5 0 - 5 ,
treated, onchromasorbw. 14b, 23645-61-6; 14c, 23645-62-7; 14(1, 23645-63-8.

(10) K . C. D. Hickman, Chem. Rev., 34, 51 (1944).
(11) The residues were analyzed by ir and appeared to be inorganic. (13) The pyrrolidine hydrazone 10, Z = (CH2) 4, was prepared by treat-

The nitriles 4b and hydrazones 6b were not found (vpc). ing N-aminopyrrolidine hydrochloride with triethylamine followed by reac-
(12) E. Chablay, Ann. Chim., 1, 469 (1914). tion with aldehyde 8 .
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The Photocycloaddition of Carbostyril to  Olefins.
The Stereochem istry of th e Adducts

George R. Evanega1 and D iane L. Fabiny 

U n ion  C a r b id e  R es e a r c h  In stitu te , T a rry tow n , N ew  Y o r k  10961  

R ece iv ed  A u g u st  1 , 196 9

The photocycloaddition of carbostyril to olefins gives a series of dihydrocyclobuta[c]-2-quinolones in a regio- 
specific manner. The stereochemistry of these products indicates that the reaction proceeds to form selectively 
the head-to-tail adducts.

Cyclic enone photocycloaddition to olefins has been tions in ethanol or N,N'-dimethylacetamide. Reac- 
used extensively for the synthesis of cyclobutanes2 and tions were followed by tic and usually run to completion,
has provided the means for synthesis of cubane,3a ati- The results are summarized in Table I.
sine,3b bourbonenes,4 caryophyllenes,6 /3-himachalene,6
and a variety of other natural products7 and extremely T a b l e  I
novel structures.2 We have investigated the photo- Irradn
cycloaddition of carbostyrils 1 (cyclenone heteroana- time,6 Yield of Yield of
logs) to olefins because of its utility in synthesis of the Compd Concn of 1° Solvent hr adduct, % dimer 3, %
unique tricyclic system 2. 2a 69 Ethanol 20 90 9.4

The cyclobutane derivatives of carbostyrils are 2b 99 Etha-nol 72 57 40
readily synthesized photochemically without the aid of 0C, n A  a™ , J 2 69
sensitizers m good to excellent yields. Carbostyril acetamide
dimerization usually accompanies the cycloaddition 2e 69 Ethanol 144 65 35
reaction, and the yield of dimer is dependent on con- 2f 50 Ethanol 96 63 37
centration, solvent, and olefin. A series of adducts was 2g 69 Ethanol 72 8 22
prepared from carbostyrils and olefins and is described 2h 69 Ethanol 48 79 20
in Scheme I. In general, a ratio of 10 equiv of olefin 2i 50 Dimethyl- 96 71 5
to 1 equiv of carbostyril was used at various concentra- acetamide

2j 6.9 Ethanol 192 20 20
2k 69 Ethanol 72 54 46

ScHEME 1 21 69 Ethanol 144 49 43
^  “ Concentration of 1 X 103 M . b Irradiation time for a total

Q l  1 + jT —t*- volume of 700 ml of solvent irradiated in the Rayonet apparatus
with 16 black-light lamps.

j j  u

1 We have already presented some evidence to support
[C j ]  the assigned structures 2 in a preliminary communiea-

R A  R y 'lN H  tion.8 In addition, Loev, et a l.,9 have described similar
products from 6-trifluoromethyl-N-methylcarbostyril 

0  and olefins, and Buchardt10 has observed results related 
[ O I  1  +  [ O T  I  to ours. The photochemical dimerization of l ,11 N-

methylcarbostyril,11 and 6-trifluoromethyl-N-methyl- 
carbostyril9 has been described, and the stereochemistry 

3 of the dimers has been elegantly elucidated.11
h n1 I  b * I  r= r4 Z it Besides the elemental analyses, which are summarized

r | = r 2 — QH^Hg3, r 3 i  r 4 = h  ifr Table II, our evidence for the cycloadducts is based
d, Rz = R2 = OCH3; R3 = R4 = H mainly on spectral data. The ir lactam carbonyl band
f ’ T)1 I  pvHi’ r ! "  5 s I  R4 1 1  °f 2a is in reasonable agreement with that of 3,4-dihy-
g, r J = OCOCH3;2 R, = Rs = R4 = H drocarbostyril (1671 and 1675 cm "1,12 respectively,
h, Ri = 0(CH2)3CH3; R2 = R3 = R4 = H Nujol mull). The uv maximum of 2a [X®lxH 259 m/j,
j’ I  I  ph _B^4=_eJ  = H (€ 8600)] is shifted to lower frequency from that of
k, Ri = R3 = -CH2_3; R2 = R4 = H 3,4-dihydrocarbostyril [X^ax11 250 my (e 12,000)].12
l, Ri = Rs = -CH2_6; R2 = R4 = H The ir and uv spectra of the other cycloadducts (2) also

exhibit these shifts to lower frequency, and similar data 
M”d“  E“ “ ” i oteerved by Buchardt for the dimers 3 [ x t ? ”

(2) P. E . Eaton, Accounts Chem. Res., 1, 50 (1968); P. de Mayo, J.-P . 259 my (log 6 4.23) ].Ub
Pete, and M. Tchir, Can. J .  Chem., 46, 2535 (1968), and references cited T h e  m a S S  S p e c t r a  o f  t h e  a d d u c t s  e x h i b i t  w e a k  p a r e n t

(3) (a) p . e . Eaton and t . w. Cole, Jr ., j . Amer. chem . Soc., ss, 962 molecule ions; the major ion is consistently due to
(1964); (b) R . W. Guthrie, A. Phillip, F . Valenta, and K. Wiesner, Tetra
hedron Lett., 2945 (1965). (8) G. R . Evanega and D. L. Fabiny, Tetrahedron Lett., 2241 (1968).

(4) J .  D. White and D. N. Gupta, J .  Amer. Chem. Soc., 88, 5364 (1966), (9) B . Loev, M. M. Goodman, and K. M. Snader, ibid., 5401 (1968).
(5) E . J .  Corey, R . B . Mitra, and H. Uda, ibid., 86, 485 (1964). (10) O. Buchardt, personal communication.
(6) B . D. Challand, G. Kornis, G. L. Lange, and P. de Mayo, Chem. (11) (a) O. Buchardt, Acta Chem. Scand., 17, 1461 (1963); (b) O. Buch-

Commun., 704 (1967). ardt, ibid., 18, 1389 (1964).
(7) H. Hikino and P. de Mayo, J .  Amer. Chem. Soc., 86 , 3582 (1964), and (12) P. T . Lansbury and N. R . Mancuso, J .  Amer. Chem. Soc., 88 , 1205

references cited therein. (1966).

Photocycloaddition op Carbostyril to Olefins J .  Org. Chem., Vol. 35, No. 6, 1970 1757



T a b l e  I I

E l e m e n t a l  A n a l y s e s  o p  C yc lo a d d itc ts

.------------ Carbon-------------.  --------- Hydrogen--------- , •—--------- Nitrogen--------- -—. ,------------ Oxygen-------------.
Compd Adduct formula Calcd, % Found, % Calcd, % Found, % Calcd, % Found, % Calcd, % Found, %

2a Ci5H19NO 78.56 78.39 8.35 8.39 6.11 6.13 6.98 7.08
2b C13H15NO 77.58 77.60 7.51 7.55 6.96 7.27 7.95 8.17
2c CisHiaNO 78.56 78.53 8.35 8.35 6.11 6.07
2d Ci3Hi5N03 66.93 66.96 6.48 6.41 6.01 5.86 20.58 20.85
2e C i2H i3N 0 2 70.91 71.03 6.45 6.50 6.89 7.04 15.75 15.97
2f C12Hi0N2O 72.71 72.67 5.09 4.98 14.13 13.97
2g C13H13N03 67.52 67.53 5.67 5.62 6.06 6.03
2h C15HI9N02 73.44 73.30 7.81 7.88 5.71 5.82 13.04 13.12
2i C11H7NOCI4“ 42.48 42.60 2.27 2.20 4.50 4.59
2j Cs-jHiiiNO 84.89 84.85 5.89 5.60 4.30 4.33
2k CmHi5NO 78.84 78.89 7.09 7.12 6.57 6.33 7.50 7.51
21 Ci7H21NO 79.96 80.30 8.29 8.42 5.49 5.14

“ Calcd: Cl,45.59. Found: Cl,45.45.

carbostyril (m /e  145) from the loss of photocycloadded constants has been used by others,18 but in view of the
olefin. above controversy over cis and trans couplings we

The most compelling evidence for the assigned struc- attempted to further corroborate our cis assignment, 
ture is given by the nmr spectra. For example, the In the photoaddition of 4,4-dimethylcyclohex-2-enone to
spectrum of 2a (CDC13, TMS) has four methyl singlets dimethyl ketene acetal, Chapman, et a l . , 19 found that 
at 8 0.83, 1.13, 1.32, and 1.36, four aromatic hydrogens both cis and trans ring-fusion products were obtained,
at 8 7.13 (m), and an AB pattern for the C-3 and C-6 They were able to convert the kinetically formed trans
cyclobutane hydrogens at 8 3.40 and 3.57 ( J ab =  10.3 adduct into the thermodynamically more stable cis
Hz), respectively. The large coupling constant is con- product with base.
sistent with cis vicinal hydrogens in a rigid cyclobutane By analogy, if 2a had a trans ring juncture, treatment 
ring, and would therefore indicate cis ring fusion.13 with base should give the cis ring-fused product. Corn-

irons ring fusion of six- and four-membered rings pound 2a was treated with 3.5 equiv of n-butyllithium
has been observed in photochemical cycloadditions of and 1,4-diazabicyclo [2.2.2. joctane in tetrahydrofuran
cyclohexenoneUa and 4,4-dimethylcyclohexenone.14b at 0 C. After 2.5 hr half of the reaction was quenched
It  was also observed in 6-4  and 5-4  fused-ring systems with H20  and half with D20 . The reaction mixtures
of cyclohexadiene and cyclopentadiene with dichloro- were separated by column chromatography, and the
maleic anhydride.16 However, the coupling of an fractions corresponding to 2a were analyzed by nmr.
intermediate biradical leading to trans ring juncture is The nmr of the adduct from the D20  treatment indi-
less probable in our system because of the steric con- cated 100% D incorporation (the cyclobutane hydrogen
straints of the fused benzene ring and the amide func- AB pattern of 2a was replaced by a single, somewhat
lion. broad, resonance line at 8 3.58 corresponding to the

The stereochemical assignment of substituents on C-6 hydrogen). The nmr spectrum of the adduct from
cyclobutane rings by nmr is untenable when it is based the H20  treatment was identical with that of the start-
purely on the supposition that cis vicinal coupling ing material 2a. This evidence strongly supports the
constants will be larger than trans. In many cases supposition of cis ring fusion for 2a and presumably for
Jets =  J  trans owing to fast conformational averaging, other adducts 2.
and in other cases they are nearly equivalent owing to In the compounds described below, which are specific 
puckering in the molecule that significantly alters the examples of adducts obtained from unique types of
vicinal dihedral angles from 0° (cis) and 120° (trans),13 olefins, we will discuss the nmr spectra in detail. This
or to fast conformational averaging. A good example is necessary because of the aforementioned controversy
of this phenomenon is found in the nmr spectrum of over nmr data of cyclobutane rings, and because there
anemonin, which has two J cis values of 10.2 Hz, a is only limited analysis of these systems reported to
J  trans value of 10.7 Hz, and a J  trans value of 2.2 Hz.16 date.8’9’11’18
However, in cases of rigid, planar cyclobutanes, the The structure of adducts from unsymmetrical 1,1- 
cis  vicinal coupling constants have been shown to be disubstituted olefins is not immediately predictable, 
significantly larger than the trans; e.g., cyclobutanone is since both head-to-head (2m, Ri =  R 2 =  H ; R 3=  R 4 =
reported to have a J cU value of 10.02 Hz and a J tTans CH3) and head-to-tail (2b, R3 =  R 4 =  H ; R x =  R 2 =
value of 6.35 Hz.17 CH3) adducts could be expected. In the pioneering

Structure assignment on the basis of size of coupling work on photocycloaddition of cyclenones to unsym- 
„„ TI, . . metrical olefins, Corey, et a l.,u  observed a 3 :1  prefer-
(13) W. A. Thomas, in “Annual Review of N M R Spectroscopy,” Vol. I , Anno T ,^  + *1 i j  , i i j  ,

E. F . Mooney, Ed., Academic Press, New York, N. Y „ 1968, pp 74-76; S. enCe f° r head-tO-tail Over head-to-head products from
Weitkamp and F. Korte, Tetrahedron, Suppl. 7, 75 (1966); I. Fleming and Cyclohexenone and isobutylene. Thus it is quite rea-

*!9S7)m „ ... sonable to expect a mixture of isomers from the irradia-
(14) (a) E . J .  Corey, J .  D . Bass, R . LeMahieu, and E . B . Mitra, J .  Amer. j -  _  u  j. • -i ,  n TT

Chew,. Soc., 86, 5570 (1964); (b) P. J .  Nelson, D. Ostrem, J .  D. Lassila, t l 0 n  C a r b O S ty r ilS  W ith  S im i la r  O le f in s . H o w e v e r ,  
and o . l . chapman, j . Org. chem ., 34,811  (1969). a f t e r  c a r e f u l  a n a ly s i s  b y  v p c ,  t i c ,  a n d  n m r ,  w e  w e r e  n o t

G6) E.- Lustig'and r !  m ' m o « , '  T I T c H e m . S o c ,  87, 3252 (1965). ^  t 0  t h e  P re S e ilC e  ° f  m O Te t h a n  0 n e  i s 0 m e r  f r 0 m
(17) B. Braillon and J .  Barbet, Compt. Rend., 261, 1967 (1965); B . (18) J .  W. Hanifin and E . Cohen, Tetrahedron Lett., 1419 (1966)

Braillon, J .  Salaun, J .  Gore, and J .  M. Conia, Bull. Soc. Chim. Fr„  1981 (19) O. E. Chapman, T . H. Koch, F. Klein, P. S. Nelson, and E . L. Brown,
<1964)- J .  Amer. Chem. Soc., 90, 1657 (1968).
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the photoaddition of any carbostyril to a 1,1-disubsti- addition reaction of 3-deuteriocarbostyril and iso- 
tuted olefin. butylene. By this deuterium-labeling method we were

The 60-MHz nmr spectrum of the isobutylene carbo- able to simplify the four-proton nmr spectra of other
styril cycloadduct 2b is quite complex; in C F3C 0 2D the 1,1-disubstituted adducts to a three-spin system and
methylene and methine cyclobutane hydrogens are thereby confirm the head-to-tail photochemical addi-
broad multiplets at 5 2.38 (2 H) and 3.5 (2 H), respec- tion. Furthermore, this method of incorporation of
tively. The compound was analyzed on a 220-MHz deuterium offers a more convenient alternative to the
instrument and a simple first-order spectrum in CDCI3 aforementioned synthesis of 3-deuteriocarbostyril.
(TMS) for the four-proton system was obtained; the By first approximation, cycloalkenes should give 
specific chemical shifts and coupling constants are syn and anti fused-ring products on reaction with carbo-
tabulated in Table III, on the basis of which we ten- styril. However, in view of earbostyril’s dimerization
tatively assigned structure 2b. to a single head-to-head anti ring-fused product, we

expected to observe a single product from cyclopentene 
T a b l e  III or cyclooctene addition.

220-MHz N m r  D a t a  (CDC13) f o r  2b The product 2k from irradiation of 1 and cyclopentene
,---------------- j, Hz---------------- . appeared to be one product from vpc, tic, and nmr data.

h  s, ppm 4-exo 4-endo 6 The A-60 nmr spectrum was quite complex and the
3 3.35 10.0 4.5 10.0 stereochemistry of the product was not known. How-
4-exo 2 -49 -1 2 .0  ever, the 220-MHz nmr spectrum (CDC13) not only

2 21 helped elucidate the structure but also indicated the
6 3-50 presence of two isomers in the reaction mixture: the

. anti ring-fused adduct 2k and the syn adduct 2k' in a
Further proof was obtained by preparation of C-3

deuterium-labeled carbostyril from 2-methoxyquinoline / \ / A
by treatment with n-butyllithium and D20  followed J j  J r
by acid hydrolysis. The photocycloaddition of the f ^ f l T
3-deuterocarbostyril to isobutylene gave the 3-deuterio- IC jj^  I
6-hydrocyclobuta[c]-2-quinolone. The mmr spectrum H °  H °
(CF3C 0 2D) of the cyclobutane hydrogens was a simple 2k 2k'

3 :1  ratio. The 220-MHz nmr data are presented in

-
T a b l e  IV

H* X n 220-MHz N m r  D a t a  (CDC13) f o r  2k and  2k'

----------•7’Hz— — ■ ---------- •/-Hz--------- ■I I I —— V 1 ( 1 1  [ > D H 8, ppm 4 8 9 5 -7  H 8, ppm 4 8 9

\ ^ A'N '^ 0  / “  ^ - ^ N ^  3 2.88 4.5 9.7 0 3 3.92 10.5 10.5
H H 4 3 10 7 7.o 4 3.36 10.5

2b 8 2.72 4.5 7.0 8 3.3 10.5
H 9 3.21 0 9 4.00

^  1,92
^ T h e  four cyclobutane hydrogens of 2k were readily 

H identifiable by first-order analysis: H-3 and H-9
2m formed a four line pattern— a doublet of doublets—with

ABM pattern: a singlet at 5 3.68 (1 H) and a quartet J  values of 4.5 and 9.7 Hz; H-4 and H-8 gave a six-line
at 5 2.33 and 2.68 (2 H, J A? =  12.1 Hz). Double- pattern -tw o sets of triplets each-w ith  J  values of
resonance nmr experiments indicated that cross-ring an<* ^  5,', . ,
coupling was present: |J6.w |  =  0.84 Hz and \J«M \ The structure 2k was assigned on the basis of the
= 0 68 Hz. These values are of opposite sign, but low-held triplets of H-3 and H-9 with the large /  values
it was not possible to determine the absolute value of 10.5 Hz This is consistent with four m  hydrogens
of each. In addition, the low-held methylene proton on a cyclobutane ring. The upheld proton H-4 (or
is weakly coupled (0.5 Hz >  J  >  0.0 Hz) with the high- H-8) was further split by ca 7 Hz by the methylene
field methyl group. This spectrum is compatible only hydrogens C-o and C-7. P ait of theH -8 (or H-4) leso-
with the head-to-tail adduct 2b; the head-to-head iso- nance signal was masked by H-9 of 2k, and a complete
mer 2m would be expected to have larger coupling con- analysis is not possible.
stants for the vicinal hydrogens ( J AM, J Bm -  6-10 Hz), ^ /x e w  of the data from cyclopentene addition one
producing a more complex ABM pattern than that ob- could expect, with monosubstituted unsymmetrica 

H (T T <-i H /l olehns, not one head-to-tail adduct, but a mixture20 of
^  FtTaddition it was possible to exchange the C-3 hydro- two isomers with exo and endo substituents The
gen of certain adducts for deuterium by treating them photocycloaddition of carbostyril to vinyl methyl ether
with butyllithium-DABCO and quenching with D20  should produce epimers (exo- and endo-methoxy and
as described above. The nmr of the product from this Possibly isomers owing to direction of addition (4- or
treatment of 2b after purification by chromatography £20) This is consistent with our vpc data for adducts with these olefins;
was identical with that obtained from the photocyclo- however, the cyclopentene adduct gave one peak in the vpc.
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5-methoxy from head-to-head or head-to-tail addition) ethanol in 16% yield. Based on the 220-MHz spec-
and type of ring fusion (cis or trans at C-3 and C-6). trum, we have assigned the cyano group the 5-endo
Only exo-5- and endo-5-methoxy epimers with a cis position (see Table VI).
fused-ring juncture were found. This might be expected
in that vinyl methyl ether should react similarly to T a b l e  VI
dimethyl ketene acetal and give the cis ring-fused, head- 220-MHz N m r  D a t a  (DMSO-de) f o b  t h e

to-tail products. However, acrylonitrile could give endo-5 -C ya n o  I s o m e r  2f
either the 5- or 4-cyano mixture depending on the pre- ,--------------------------./, Hz-------------------------- ,

ferred reaction mechanism. A biradical intermediate H 6' ppm 4~exo i-endo 5~ex0 6
would favor a 5-cyano mixture, while a dipole-dipole 3 3 38 9 0 6.5 1.0 9.0
interaction mechanism favors the 4-cyano mixture. k-exo 2.89 12.0 9.0 1.5

The irradiation of 1 with vinyl methyl ether, followed g"e”o° \ 85 6 '5 *'
by subsequent removal of dimer and chromatography, g ^
gave the mixture 2e in 33% yield. The analysis of the
220-MHz nmr spectrum revealed a 56 :44  mixture of the ^ r ,, £ , , , , ,, , - T i .  AJ,x xi x i  lo u r ol the five cyclobutane hydrogens are readilyexo- to enao-5-methoxy adducts. After three recrystal- , . c  , ,  , , ,  • %  x j  ,, -o-r. x xi xi o x1 identifiable by their first-order patterns: H-5 exo islizations from acetone, the pure exo-o-methoxy-3,6- , , ,  , . . .  , , rr ,, . , , , • , ,... , i t x r t o • i , x • , • am masked by protons m the solvent; H-6 is a broad tripletdihydrocyciobutalc -2-qumolone was obtained m 4%  /Tlr ; \ ? j , ? tt c . . .. , ,  ni . x r xi , x x ( fvi/, =  4 Hz) at 5 4.15; H-3 is an imperfect quartetyield. Ihe mam support for the proposed structure is , . „ or -N  j  TT . • ,r, , , „ x. • x j  ■ tt 11 -tr at o 3.85 with secondary splitting; H-4 exo is also anthe nmr data of the pure isomer presented m iabfe V. . , , . . - . l i t . -  , TT .1 1 imperfect quartet with secondary splitting; and H-4

endo is a doublet of triplets with some overlap to give
T a b l e  V a five-line pattern.

220 MHz N m r  D a t a  (CDC13) f o r  exo-2e A more thorough discussion of the nmr of 2f has been
.-------------------j , Hz------------------- - presented elsewhere.21 The observed coupling con-

h s, ppm i-endo i-exo 5-endo 6 stants for H-3, H-4, and H-5 are consistent with the
3 3.26 3.0 10.0 1.5 10.0 assignment of the 5-cyano group to an equatorial posi-
4 2 54 12 0 7 0 1 0 tion on a puckered cyclobutane ring.
5-endo 4 04 7 0 Although we have not been able to isolate the other
6 3 ' isomer, an analysis of the 220-MHz nmr spectrum of

the reaction mixture indicates a 40 :60  mixture of exo- 
to endo-5-cyano-3,6-dihydrocyclobuta [c]-2-quinolone.

The five cyclobutane hydrogens are readily identifi- This 40 :60  ratio of exo to endo epimers is inconsistent
able by their first-order patterns: H-6 is a doublet of with what one would expect for a bulky substituent
doublets that is coupled to the cis vicinal H-3 by 10.0 based on the vinyl methyl ether case.
Hz and to the trans vicinal H-5 by 7.0 Hz; H-3 is a Recently, it was reported22 that the acetophenone- 
triplet with one portion masked by the OCH3 at 3.30 photosensitized cycloaddition of indene to acrylonitrile 
ppm and the other two resonances further split by 3.0 gave a 50;45 rati0 of exo- to endo-7-cyano-2,3-benzo- 
anc 1.5 Hz; H-5 is a quartet with 7.0-Hz splitting and bicyclo[3,2,0]hept-2-ene. Direct irradiation of either 
with secondary splitting of 1.5 Hz; H-4 exo is a triplet of isomer gave a photostationary state composed of a
doublets (the center lines of the quartet are split by 45 :55  exo- to endo-7-cyano mixture. Equilibrium
3.0 Hz); and H-4 endo is a somewhat complex 16-line studies with f-butoxide found a 70 :30  exo- to endo- 
pattern incorporating all of the observed /  values. _ cyano ratio at 25°. These variations in ratio, al-

The assignment of the head-to-tail structure is though small, discount the steric influence of the cyano
strongly supported by deuterium-exchange experiments grout)
and the nmr spectra. The  ̂assignment of the exo posi- j n view of these results, any interpretation of our
tion for the methoxy group is consistent with the expec- data at this time would indicate our lack of understand-
tation that the major epimer of the reaction mixture jng 0f the reaction mechanism, including the specific
should have this configuration. Further support can function of the substituent on the olefin. However,
be obtained from the magnitude of the 3J vtc for the H-3, one comment can be made about the mechanism at this
H-4, and H-5 hydrogens. A thorough analysis21 of time. Since the 5-cyano and not the 4-cyano epimer 
this system supports the puckered form of the cyclo- mixture was obtained, the nature of the product would
butane ring, allowing the methoxyl group to assume the seem to be determined by “the more stable biradical
equatorial position. _ intermediate” theory and not by a dipols-dipole inter-

We have not been able to separate the isomers by action mechanism. Further information on the mecha-
chromatography and have had to rely on the nmr of the nism of photocycloaddition will be published at a later
mixture to confirm the identity of the other isomer. date 
There is considerable overlap between the resonance
signals of the two isomers, and a complete analysis of Experimental Section
the minor product (endo-5-methoxy) is not possible.

The irradiation of carbostyril and acrylonitrile gave Infrared spectra were recorded on a Beckman IR-10 spectro-
„  __ X f j -  /o j  j j  x photometer. Ultraviolet spectra were taken on a Cary 14 record-
a considerable amount of dimer (37%) and some adduct Jng spectrophotometer. In general, nmr spectra were obtained
2f (42%). We have been able to isolate the lower E { on a Varian Associates A-60 spectrometer. All 220-MHz nmr
isomer (on silica gel tic) by recrystallization from spectra were run by Varian Associates, Palo Alto, Calif.

(21) E . B . Whipple, Jr ., and G. R . Evanega, Org. Magnetic Resonance,
2, 1 (1970). (22) J .  J .  McCullough and C. W. Huang, Can. J .  Chem., 47, 757 (1969).
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Column chromatography was done on 0.05-0.2-mm silica gel 5-Cyano-3,6-dihydrocyclotmta[e]-2-quinolone(2f).—Compound
(E. Merck, Darmstadt) from Brinkmann Instruments, West- 1 (7.25 g) and acrylonitrile (27.5 g) in a 700-ml ethanol solution
bury, N. Y. Analytical precoated tic plates of silica gel F-254 gave 3.7 g of 3 and 6.32 g of 2f [vpc indicated two adducts with
with fluorescent indicator (E. Merck, Darmstadt) were obtained tR 12.6 min, T  192° (not separated) and tic indicated a ratio of
from Brinkmann Instruments. Unibars were from Analtech, 1.4:1]: mp 164-176° (ethanol, 42%); ir (KBr) 1666 cm-1
Wilmington, Del. (C =0); nmr (DMSO-d6) 8 10.20 (brs, 1, NH), 7.17 (m, 4,

Vpc work was done on a Hewlett-Packard (F & M Scientific) ArH), and 4.42-2.08 ppm (brm, 5, cyclobutane CHCH and CH2).
Research Chromatograph, Model 5750, using a 6 ft X 0.125 in. Trituration of the original reaction mixture gave 0.95 g (16%) of
column of 10% silicone gum rubber (UC-W98) on Chromosorb one isomer (lower R it lower tR) by tic: shrinks at 215°; mp
G (80-100 mesh, AW-DMCS). 229.5-231.5°; ir (KBr) 1666 cm' 1 (C =0); nmr (DMSO-d6)

Photocycloadditions of Carbostyrils with Olefins.—In general reported in Table VI. 
a 0.03-0.18 M  solution of the carbostyril and 10 equiv of olefin 5-Acetoxy-3,6-dihydrocyclobuta[c]-2-quinolone (2g).—Com-
in a suitable solvent (N,N-dimethylacetamide or ethanol) was pound 1 (10.0 g) and vinyl acetate (60 g) in a 700-ml ethanol 
purged with nitrogen and irradiated through quartz in the solution gave 2.2 g of 3 and 1.32 g of 2g: mp 190.5-192.0°
Srinivasan-Griffin photochemical reactor of the Southern New (acetone, 4.4%); ir (KBr) 1729 (acetyl C = 0) and 1669 cm-1
England Ultraviolet Co. equipped with 3500-A fluorescent lamps. (amide C = 0); nmr (CDC1S) 8 9.75 (brs, 1, NH), 7.08 (m, 4,
The irradiation was followed by tic [10% (v/v) 2-propanol in ArH), 5.06 (m, 1, cyclobutane CHCH), 4.18-2.25 (brm, 4,
benzene] and continued until the starting material disappeared cyclobutane CHCH and CH2), and 2.09 ppm (s, 3, CH3). The
(20 hr-2 weeks). The ethanolic irradiation mixtures were yield was low because product mixed with polymerized vinyl
filtered to remove the precipitated dimer, and the filtrate was acetate was difficult to purify.
concentrated to dryness on a rotary evaporator. In other solvents 5-n-Butoxy-3,6-dihydrocyclobuta[c] -2-quinolone (2h).—Com-
the solution was concentrated and the residue was triturated or pound 1 (10.0 g) and vinyl n-butyl ether (69 g) in a 700-ml ethanol
extracted with ethanol to separate the dimer. The products were solution gave 2.0 g of 3 and 13.3 g of 2h: mp 121.5-122.5°
purified normally by recrystallization, evaporative distillation, (acetone, 40%); ir (KBr) 1670 cm-1 (C =0); nmr (CDC13)
or sublimation. In a few cases, as indicated in the text, the re- 8 9.62 (brs, 1, NH), 7.04 (m, 4, ArH), 4.08 (m, 2, cyclobutane
action mixtures were separated by column chromatography. All CHCH), 3.60-2.0 (brm, 5, cyclobutane CHCH, CH2, and 
reaction mixtures when analyzed by vpc gave one peak with the OCH2), and 1.75-0.60 ppm (brm, 7, CH2CH2CH3). 
retention expected for the adduct unless otherwise specified. 4,4,5,5-Tetrachloro-3,6-dihydrocyclobuta[c]-2-quinolone. (2i).
4,4,5,5-Tetramethyl-3,6-dihydrocyclobuta[c]-2-quinolone(2a).— —Compound 1 (7.25 g) and tetrachloroethylene (82.9 g) in a

Compound 1 (10.0 g) and tetramethylethylene (58 g) in a 700-ml 700-ml N,N'-dimethylacetamide solution gave 0.36 g of 3, 1.67
ethanol solution gave 0.94 g of 3 and 14.3 g of 2a: mp 197-198.5° g of unreacted I, and 11.1 gof 2i: mp 285.5-287.5° (EtOH, 36%),
(from acetone, 63% overall yield); ir (KBr) 1666 cm-1 (amide ir (KBr) 1680 cm-1 (C =0); nmr (DMSO-de) 8 3.37 (brs, 1,
6 = 0 ) ; uv X®*,°H 259 m/x (e 8600); nmr (CDC13) 8 9.48 (brs, NH), 7.14 (m, 4, ArH), and 4.54 ppm (q, 2, J ab =  10.7 Hz)
1, NH), 6.98 (m, 4, ArH), 3.26 (q, 2, J ab  = 10.4 Hz, cyclo- cyclobutane CHCH).
butane CHCH), and 1.30, 1.19, 1.05, and 0.78 ppm (4 s, 12, 5,5-Diphenyl-3,6-dihydrocyclobuta[c]-2-quinolone (2j).—Com-
4 CH3). pound 1 (1.0 g) and 1,1-diphenylethylene (12.4 g) in a 125-ml

5,5-Dimethyl-3,6-dihydrocyclobuta[c]-2-quinolone (2b).—■ ethanol solution gave 0.20 g of 3 and 0.45 g of 2j: mp 191.5-
Compound 1 (1.00 g) and isobutylene (17 g) in a 700-ml ethanol 192.5° (column chromatography followed by recrystallization
solution gave 4.0 g of 3 and 7.90 g of 2b: mp 172.5-173.5° from acetone, 7%); ir (KBr) 1673 cm-1 (C =0); nmr (pyridine-
acetone, 39%); ir (KBr) 1668 cm’ 1 (C =0); uv X®«H 259 mM d6) 8 8.73 (brs, 1, NH), 7.23 (m, 14, ArH), 4.78 (d, 1, J ab =
(e 8830); nmr (CD6I3) 8 9.59 (brs, 1, NH), 6.95 (m, 4, ArH), 9.12 Hz, cyclobutane 6H-CH), and 4.20-2.42 ppm (brm, 3,
3.45 (m, 2, cyclobutane, CHCH), 2.34 (m, 2, cyclobutane CH2), cyclobutane CHCH and CH2). The yield was low because the
and 1.27 and 0.86 ppm (2 s, 6, 2 CH3). product decomposed either as it formed or on the column.

5,5-Diethyl-3,6-dihydrocyclobuta[c]-2-quinolone (2c).—Com- 3,9-Dihydrobicyclo [3.2.0]heptano[6',7'-c]-2-quinolone (2k).—
pound 1 (6.0 g) and 2-ethyl-l-butene (34.8 g) in a 700-ml ethanol Compound 1 (10.0 g) and cyclopentene (47 g) in a 700-ml
solution gave 3.0 g of 3 and 4.61 g of 2c: mp 152-153° (acetone, ethanol solution gave 4.6 g of 3 and 8.0 g of 2k: mp 161° dec
35%); ir (KBr) 1663 cm-1 (C =0); nmr (CDC13) 8 9.81 (brs, (acetone, 38%); ir (KBr) 1668 cm-1 (C =0); uv X®*°H 258 mjx
1, NH), 7.00 (m, 4, ArH), 3.54 (m, 2, cyclobutane, CHCH), (e 8550); nmr (CDC13) 8 9.23 (brs, 1, NH), 6.98 (m, 4, ArH),
2.28 (m, 2, cyclobutane CH2), 1.65 (q, 2, CH2CH3), 1.25 (q, 2, and 3.5-1.0 ppm (brm, 10, cyclobutane CHCH and CH2,
CH2CH3), 0.93 (t, 3, CH3), and 0.60 ppm (t, 3, pH3). aliphatic CH2).

5,S-Dimethoxy-3,6-dihydrocyclobuta[c]-2-quinolone (2d).— 3,12-Dihydrobicyclo[6.2.0]decano[9',10'-c]-2-quinolone (21).—
Compound 1 (100 mg) and dimethyl ketene acetal14 (650 mg) in Compound 1 (10.0 g) and cyclooctene (76 g) in a 700-ml ethanol
25 ml of N,N-dimethylacetamide gave 170 mg of 2d: mp 167- solution gave 4.3 g of 3 and 8.70 g of 21: mp 166° dec (acetone,
168.5° (acetone, 40%); ir (KBr) 1666 cm-1 (C =0); nmr (CD- 22%); ir (KBr) 1667 cm“1 (C =0); nmr (CDC13): 8 9.47 (brs,
Cl3)23 8 9.73 (brs, 1, NH), 7.04 (m, 4, ArH), 3.95 (d, 1, J ab  = 1, NH), 6.98 (m, 4, ArH), and 3.5-0.83 ppm (brm, 16, eyclo-
9.56 Hz, cyclobutane CHCH), 3.32, 3.05 (2 s, 6, 2 OCH3), butane CHCH and CH2, aliphatic CH2).
3.3-2.85 (m, 1, cyclobutane CHCH, hidden under OCH3), and
2.83-2.50 ppm (d, 2, cyclobutane CH2). . _T „  , , ., m  n „ -moHrinx

5-Methoxy-3,6-dihydrocyclobuta[c]-2-quinolone (2e).—Com- Registry No. Carbostyril, 493-62-9) 2a, 19045-10-4,
pound 1 (10.0 g) and vinyl methyl ether (24.9 g) in a 700-ml 2b, 19045-11-5; 2c, 23667-19-8; 2d, 23667-20-1; 2e,
ethanol solution gave 3.50 g of 3 and 9.1 g of 2e (vpc indicated 19045-12-6; 2f, 23667-22-3; 2g, 23667-23-4; 2h, 23667-
two adducts with ¿r 29.7 and 36.2 min, T 160° m a 2:1 ratio): 24_5; ^  23667-25-6; 2j, 23667-26-7 ; 2k, 19399-15-6;
mp 124 135 (acetone, 33%), ir (KBr) 1661 cm (C 0), t r,or*c7 oq q. oi 9QAA7 oo n
nmr (CDCls) 8 10.13, 9.92 (2 brs, 2, 2 NH), 7.08 (m, 8, ArH), zi£ > 2dbb/-28-y, 21, 2dbb/-2y-U.
3.31, 3.25 (2 s, 6, 2 OCH3), and 4.42-2.0 ppm (brm, 10, cyclo
butane CHCH and CH2). After three recrystallizations, vpc Acknowledgments.'—We would like to thank Dr.
indicated one is<ome:r (Ir 29.7 mm): mp 149.5-151 (acetone, Lars Skatteb0l for many helpful discussions during the
4%); ir(KBr) 1661 cm_1 (C==0); nmr rep°rted m TaWe course of these experiments We are deeply indebted

(23) The nmr of 2d was a deceptively simple spectrum; see E . O. Bishop E ar[ B. Whipple for his many Contributions to
in “Annual Review of N M R S p e ctro sco p y V o l. I , E . F . Mooney, Ed., . , , .  £ , i ,
Academic Press, New York, n . y ., mas, pp 125- 127. the interpretation of the nmr spectra.
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Azo Compounds. Investigation of Optically Active Azonitriles1

C. G. Overberger and D. A. Labianca2

D ep ar tm en t o f  C h em istry , T h e  U n iv ers ity  o f  M ic h ig a n , A n n  A rb or , M ic h ig a n  4 8 1 0 4

R ece iv ed  J u l y  18 , 1 9 6 9

The resolution of (±)-4,4'-azobis(4-cyanopentanoic acid) and the syntheses of (± )- and (—)-dimethyl 4,4'- 
azobis(4-cyanopentanoate) are reported. Photochemical decomposition of the ( +  ) acid gives (— )-4-cyanopent- 
anoic acid, whereas similar decomposition of the (+ ) ester results in no significant optical activity in the reac
tion products. Mechanistic interpretations of these results are discussed. The kinetics of thermal decomposi
tion of the enantiomers and diastereomers of the azonitriles have been investigated and the ORD and CD data 
of the corresponding (—) isomers are presented.

For several years, the chemistry of azo compounds in their attempts to resolve this compound with brucine
has been the subject of intensive study in our labora- and with strychnine in acetone.
tories.lb Of particular significance has been our interest The determination of the amount of meso and ( ± )  
in the question of whether or not the decomposition of isomers comprising 4,4 '-azobis (4-cyanopentanoic acid)
an asymmetric dialkylazonitrile would result in the was accomplished by nuclear magnetic resonance
formation of asymmetric products. In order to explore spectroscopy. The C-methyl hydrogens and the
these possibilities, the syntheses and properties of the methylene hydrogens of either of the diastereomers of
first optically active aliphatic azonitriles were investi- 4,4'’-azobis(4-cyanopentanoic acid) exhibit singlets in
gated. This paper describes the preparation of both their respective nmr spectra, whereas the commercially
enantiomers of 4,4'-azobis(4-cyanopentanoic acid) and available acid, which consists of a mixture of two
of the corresponding dimethyl esters. Photochemical diastereomers, shows a pair of doublets in its nmr
decomposition of (+)-4,4'-azobis(4-cyanopentanoic spectrum. This phenomenon is attributed to the fact
acid) led to the formation of an optically active dis- that the methyl and methylene hydrogens of the meso
proportionation product, while the decomposition of isomer and those of the ( ± ) isomers are diastereotopic
the ( + )  ester gave rise to essentially no optical activity by external comparison,4 and are classified as aniso-
in the decomposition products. The difference in chronous4 because of their chemical-shift nonequiv-
decomposition behavior between the ( + )  acid and the alence.
( + )  ester is rationalized in terms of a mechanistic From the ratio of the average peak areas (integrals 
pathway involving either of two prestructured inter- were determined by at least three scans in each direc-
mediates. The rates of thermal decomposition and the tion) of the methyl doublet appearing in the nmr
activation energies of the various azonitriles have been spectrum of the mixed acids, the mixture was found to
determined, and their ORD and CD properties are also contain 51.6 ±  0.5%  meso isomer. Haines and Waters,3
discussed. who prepared the mixed acids from a Strecker-type

synthesis involving the reaction of levulinic acid with 
Results and Discussion hydrazine sulfate and sodium cyanide, followed by

„ . . . .  bromine oxidation of the intermediate hydrazine, found
meso- and (± )-4 ,4  -Azobis(4-cyanopentanoic acid).-— b titration analysis that the acid consists of 52%

The procedure of Hames and Waters 3 with some modi- wei0 isomer. The commercially available acid is
fication, was used to prepare the two diastereomers ed vi(J the game route 6
of 4,4 -azobis(4-cyanopentanoic acid). The two Preparation of the Optically Active A zonitriles.-
isomers were separated from each other by virtue of The resolution of ( ± H ,4'-azobis(4-cyanopentanoic
the fact that the meso isomer, unlike the racemic com- acid) was accomplished b fractional crystamzation of
pound is insoluble in 10% aqueous methanol. The the diastereomeric salts, employing quinine to separate
procedural modifications involved stirring the mixed 4i . • j  . , ,. i r j / , \ • i • , r,rrr ,, , the enantiomeric pair and acetone as solvent. Theacids [meso and ( ± )  isomers I in 10% aqueous methanol , , • , f ,, ,
t 0 , , • , .1 %  i. i ■ c i j 'n ,• u  ( + )  and ( —) acids were obtained from the correspond-for 24 hr instead of shaking for 1 hr. This would •' ' f , , , ,  . . , L, ,,, , °  i , x- rm mg salts by treatment with hydrochloric acid, and thepresumably ensure a more complete separation. I  he • -c  , ,• f ,  ,, . s • , , . , ,  , . , maximum specific rotations (fa ]26D) were + 4 5 .3  and( ± )  isomer was obtained by refrigeration of the filtrate M a o , • , J '
remaining after isolation of the meso isomer. Lvapora- r.+v, f  , , , ,, , , , ,x- c xiT £ix x j  j  j  xi xi i Dther solvent systems, namely ethyl acetate andtion of the filtrate under reduced pressure, the method xi. , / on , , x ., i , , , x ■ xi. • • , ether-methanol (ca. 20 :1 , v /v ), were also utilized forpreviously employed to obtain the racemic isomer,3 was xi, i x- ,  . TT• i , x %  -ui x - x -  the resolution of the ( ± )  isomer.6 However, withavoided to prevent possible contamination of the ( ± )  , „ , . . N  • , - • ix r^ -x x - - x x -  /• • both solvent systems, the yields of the quinine salt ofisomer by concomitant precipitation of any meso isomer , , > ■ , l i  -c xx- P ,, . , ., • , , , . , x- rp, “ , the ( + )  isomer and the specific rotations of the ( + )which may have been m solution. These changes were ■ , . . V  u , x • j  , J■ -x- x j  x x • -x r x i / , \  isomer isolated were not so high as those obtained wheninitiated to guarantee maximum purity of the ( ± )  . . , 6, tt • , 117 x % - ' .  ' acetone was used as solvent,
isomer, because Haines and Waters3 were unsuccessful -d i x- m  • -i nn , , ^ , ,Resolution of the racemic acid could also be effected

by preferential fractional crystallization of the ( + )
(1) (a) This is the 48th in a series of papers concerned with the prepara-

tion and decomposition of azo compounds; (b) for the previous paper, see (4) K . Mislow and M. Raban in "Topics in Stereochemistry,” Vol. I ,
C. G. Overberger, J .  Reichenthal, and J.-P . Anselme, J . Org. Chem., 35, N. Allinger and E . L. Eliel, Ed., Interscience Publishers, Inc., New York, 
138 (1970). N, Y ., 1967, pp 1-38.

(2) This paper comprises a portion of the dissertation submitted by D. A. (5) Aldrich Chemical Co., Inc., Milwaukee, Wis., personal communica-
Labianca in partial fulfillment of the requirements for the degree of Doctor tion, 1968.
of Philosophy at The University of Michigan, 1969. (6) D. A. Labianca, B. S. Thesis, Polytechnic Institute of Brooklyn,

(3) R . M. Haines and W. A. Waters, J .  Chem, Soc., 4256 (1955), 1965.
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isomer, a procedure which is quite rare.7 The impure vestigated. Similar behavior characterized the photo-
(+ )  isomer crystallized from a slowly cooled water lyzed methanol solutions of the ( —) isomer,6 and, in
solution of ( ± ) isomer, and, after two careful recrystal- these cases, the observed rotations were positive,
lizations of this material from water, ( + )  isomer of 90%  B. Photolysis Products.'—The products resulting 
optical purity (based on [a]26D +  45.3°) was obtained. from photochemical decomposition of (+)-4,4'-azobis-
The resolution could be facilitated by seeding the (4-cyanopentanoic acid) at —20° were shown to be
initial water solution of racemic compound with a those summarized in Scheme I (R =  CH2CH2COOH).
crystal of ( + )  isomer. However, the reproducibility
of this experiment was found to be dependent on careful S c h e m e  I
control of temperature and on volume of solvent used.
Furthermore, the yields of ( + )  isomer isolated were CN j 3
low, and the procedure was quite tedious. Con- __I — CN
sequently, the classical resolution with quinine was 3 | !
preferred. p ^

The syntheses of ( + ) -  and ( —)-dimethyl 4,4'- i
azobis(4-cyanopentanoate) were accomplished by es- 
terification of the corresponding ( + )  and ( —) acids |
with diazomethane. Maximum optical purity was CH3CH + / C=C\  +
attained in each case after one recrystallization ([a ]26D I H3u CH2COOH
+ 51 .0  and —50.6°, respectively). 3

The determination of the composition of mixtures of 2
meso- and ( - ) - 8a dimethyl 4,4'-azobis(4-cyanopentano- H3C CH3
ate) could also be facilitated by nmr analysis. For HC\  / H | |
these isomeric esters, the methylene hydrogens, in // C=C\  + ^  ?  C—CN
contrast to those of the parent acids, possess nearly NC CH2COOH ^ ^
identical chemical shifts and are, therefore, not per- 4 5
ceptibly anisochronous. However, the C-methyl hy-
diogens are separated by 2,5 cps, a difference of 1.5 cps The predominant isolation procedure involved col- 
from the separation observed (4 cps) for the C-methyl ^  chPromatography of the pPhotolysis products over

■a-1 °^ens 0 e ereomeric aci s. silica gel. The isolation of the higher melting isomer
Decomposition Studies. A Photocheimcal De- (HM]qA) of coupied diacid 4,5-dicyano-4,5-dhnethyl-

composiiono ( + ) -  > - zo is( -cyanopen a ). octane-1,8-dioic acid (5) was accomplished by taking
e P ° .? ^ Sef °  j ^  cyanopen an advantage of the fact that HMDA precipitates when

acid) m me hanol were conducted at 10, - 8 ,  an d - 2 0  . water .g added tQ ^  extremel viscous photolysis
For each of the decompositmns, the product mixtures mixture gubs t  refrigeration of the filtrate
exhibited observed rotations whose signs were negative. the tial precipitation of the corresponding
The results of these experiments are summarized in (LMDA), the remainder of which
Table I. It is interesting to note that the amount of wag for ^  chrom; ’tographic analysis of a

portion of the mixture remaining after removal of the 
Table 1 water by lyophilization. In addition, no additional

Variation of Observed Rotation with Concentration HMDA was isolated by column chromatography.
for the Photochemical Decomposition of Attempts to distil the liquid disproportionation prod-

( + )-4,4'-Azobis(4-cyanopentanoic acid) ucts (2-4) from these mixtures under reduced pressure
wt of azo 0) sd or to isolate them by preparative vapor phase chroma-
compound, golyent Concn| M TemPi oC rotation, deg tographic analysis were unsuccessful. In both ap- 

7.0 MeOH 0.250 10 -0 .040  proaches, extensive decomposition occurred and no
9.6 MeOH 0.342 -  8 -0 .050  separations could be effected.

17.2 MeOH 0.614 -2 0  -0 .096  The product distributions in the parent photolysis
mixture are summarized in Table II. Both HMDA

optical activity in the product mixtures varies directly
with the concentration of azo compound subjected to Table II
photolysis. Consideration of the reactions undertaken Products of Photolysis of
at 10 and - 2 0 ° ,  for example, indicates that the molar (+)-4,4'-Azobis(4-cyanopentanoic acid) at -20°
concentrations of ( + )  isomer in each instance differ by Compd Yield, %
ca. 41%  and that the corresponding observed rotations LMDA 11.7
differ by nearly the same quantity (ca. 42% ). Further- HMDA 13.1
more, the data show that temperature does not affect \ a x  33 5
the amount of optical activity exhibited by the product 3 and 4
mixtures, at least in the range of temperatures in- , TiixT̂ A , . , , , ,

and LMDA, which are known compounds,3 were
(7) E. L. Eli el, “Stereochemistry of Carbon Compounds,” McGraw-Hill optically inactive and possessed melting points identical

Book Co., Inc., New York, n. y „ 1962, pp 78-79. with those reported in the literature.3 ( —)-4-Cyano-
(8) (a) Since enantiomeric conditions are indistinguishable by nmr, . . , M r 1« -ioio\ o A a

the spectra of the (-)  and ( + ) esters would be identical with that of the pentanoiC acid (2, [a+5D —13.1 ) and OieimS 3 and 4,
(±) ester in achiral solvents; (b) M. Raban and K. Mislow in “Topics which Were isolated aS a mixture, Were the major

New1 ™  eI' Ed" Inter' products. These results are nearly identical with those
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obtained by Haines and Waters,3 who reported that the 8.35. respectively, and the methyl absorption [(CD3)2-
coupled products (HMDA and LMDA) constitute the CO] at r  8.90 of ( — )-4-cyanopentanoie acid (2) was
minor fractions of the product mixtures resulting from split into the anticipated doublet ( J  =  6.5 cps) by the
the thermolyses of meso-and ( ± ) —4,4 '-azobis(4-cyano- corresponding methine hydrogen. The difference in
pentanoic acid). chemical shifts for the diastereotopic C-methyl groups

It is, of course, also possible that terminal olefin 6 in HMDA and LMDA were quite negligible, so that the
formed during photolysis of the (+ )-azo acid, but no nmr spectrum of the mixed isomers was nearly identical
evidence was found to indicate the presence of this with those of the individual isomers. It is also interest-
compound. Ketenimine 7 was not detected. Its ing that, in contrast to the meso- and (± )-azo  com

pounds, the methylene hydrogens of HMDA and 
H CN H C LMDA were characterized by multiplets rather than by

\  _ /  3 V ,__ __--__I__  singlets in their respective nmr spectra, thereby indicat-
/  \  /  | ing that the absence of the azo linkage gives rise to a

H R significant difference in chemical environment between
6 7 both pairs of methylene hydrogens in each of the cou

pled products. Furthermore, the methylene hydro- 
apparent lack of formation was not entirely unexpected, gens of the two isomers of the coupled diacid failed to
because ketenimines derived from dialkylazonitriles exhibit any perceptible chemical-shift nonequivalence,
isomerize photochemically (and thermally)9 to the The components of the olefinic mixture were also 
more stable coupled products similar to LMDA and readily identified by nmr [(CD3)2CO]. Of particular
HMDA. Moreover, these compounds exhibit a charac- significance in the spectrum of this mixture was the
teristic ultraviolet absorption maximum centered at observation that the coupling constant ( J  =  3 cps) of
290 m̂ i (emax ca. 165),9’10 and the parent photolysis the doublet at r 8.05 assigned to the C-methyl hydro
mixture did not show any absorption in this region. gens of cis olefin 3 was, as expected, larger than that
The possibility that ketenimine 7 reacted with meth- ( J  =  1 cps) of the doublet at r 7.94 assigned to the
anol to give imidate 8 was also considered, but this methyl group of trans olefin 4. Both the absolute and

relative magnitudes of these coupling constants are 
H c  CH3 consistent with the fact that in cis olefin 3 the methyl

3 V    __I  group is trans to the vinyl hydrogen (larger coupling
/  | | CN constant14) and in trans olefin 4 the methyl group and

^ CH30 li the vinyl hydrogen are cis to each other (smaller
8 * coupling constant14). Integration of both doublets

indicated that the cis and trans olefins were present in 
compound was not detected, nor was there any indica- the mixture in equal amounts.
tion of its presence in the ultraviolet spectrum of the The ORD spectrum of ( —)-4-cyanopentanoic acid 
photolysis mixture. Alkyl imidates absorb at ca. 255 (2) in methanol was also of some assistance in the
him (emax ca. 100).11 identification of this compound. The ORD curve of

C. Identification of the Photolysis Products.— the photolyzed mixture of (+)-4,4'-azobis(4-cyano-
The microanalyses and the infrared and nmr spectra pentanoic acid) exhibited a negative Cotton effect,
of each of the isolated products were consistent with with the first extremum at 225 m¡j., which was assigned
their assigned structures. Both HMDA and LMDA to the asymmetrically perturbed carboxyl group of the
and ( —)-4-cyanopentanoic acid (2) exhibited the ex- optically active product. Compound 2 gave a similar
pected absorption in their respective infrared spectra curve ([M] — 352°), thereby confirming the source of
for nonconjugated nitrile groups at ca. 2240 cm-1 12 optical activity in the parent product mixture
(exact assignments are given in the Experimental D. Photochemical Decomposition of ( + )  -Dimethyl 
Section). The infrared spectrum of the mixture of 4,4'-Azobis(4-cyanopentanoate).—The photochemical
4-cyano-m-3-pentenoic acid (3) and 4-cyano-£rans-3- decompositions of the ( + )  ester were undertaken at
pentenoic acid (4) showed a nitrile absorption band at —20 and - 5 0 °  in tetrahydrofuran. The reactions
2225 cm "1, which is characteristic of a,/?-unsaturated were not conducted in methanol because of the in-
alkylnitriles.12 Moreover, the carbon-carbon double- solubility of the ester in this solvent at the indicated
bond-stretching frequency of this mixture appeared at temperatures. Both photolyses gave about a 70%  yield
1635 cm-1, in agreement with the expected range of of an optically inactive (at the sodium d line and in
absorption for trisubstituted alkenes, one substituent of the 45016-200-m ii range) mixture of two isomers (LM DE
which is a nitrile group.13 and HMDE) of coupled diester dimethyl 4,5-dicyano-

Certain salient features of the nmr assignments for 4,5-dimethyloctane-l,8-dioate. Furthermore, the pho-
each of the compounds under consideration are also tolyzed solutions showed no optical activity at the
worthy of note. The nmr spectra (CF3COOH) of sodium d line and the ORD spectra of these solutions in
HMDA and LMDA exhibited the expected singlets for the 45016-290-m/i range and of the liquid products
the C-methyl hydrogens of these isomers at r  8.33 and resulting from both decompositions in the 300-208-m/t

("qi r r if , „ .. , r „ „ „„ , range gave no indication of significant activity. The(9) J. R . Fox and G. S. H am mond, J . Amer. Chem. Soc., 86, 4031 (1964). rYDTA « ± r ¡ i  , , t « , . .  J  ....
(10) G. S. Hammond, O. D . T rapp, R . T . Keyes, and D. L. Neff, ibid,, U irC U  S p G C trR  Ol t i lG  t c t i R i i y d r o f l i r R I l  S O lu tlO IlS  CO llld.

si, 4878 (1959). not be determined at lower wavelengths because of the
Y' YukaWa’ Ed" W- A‘ lack of transParency of the solvent below 290 mM.

(12) J . R . Dyer, ‘‘Applications of A bsorption Spectroscopy of Organic (14) Reference 12, p 99.
C om pounds,” Prentice-H all, Inc., Englewood Cliffs, N. J „  1965, p  37. (15) Prelim inary experiments indicated the  absence of optical a c tiv ity

(13) D . G. I . Felton  and S. F . D . Orr, J. Chem. Soc., 2170 (1955). above 450 m/z.
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The mixture of LM D E and HM DE was separated explain the formation of ( —)-4-cyanopentanoic acid 
from the unidentified liquid disproportionation products (2) during the photochemical decomposition of (+ ) -  
by preparative glpc analysis and by distillation of the 4,4'-azobis(4-cyanopentanoic acid). The formation of
liquid products from the reaction mixtures. The optically inactive coupled products (LMDA and
latter procedure was considerably less time consuming. HMDA) and an optically active disproportionation
A partial separation of the mixture of coupled diesters product (2) might be rationalized in terms of a pre-
into both diastereomers was effected by vacuum structured intermediate (9, Scheme II), the formation
sublimation. The infrared and nmr spectra of the of which would depend on the photochemically induced
impure isomers and of the isomeric mixture were isomerization of the trans-azo bond of the optically
essentially indistinguishable from the corresponding active acid to the corresponding cfs-azo linkage,20a'b
spectra of analytically pure LM D E and HM DE which would be stabilized by hydrogen bonding200
prepared by esterification of LMDA and HMDA, with the proton of one of the carboxyl groups. Models
respectively, with diazomethane. indicate that structure 9 is feasible. Subsequent

E. Mechanism of Decomposition.—In recent years, elimination of nitrogen followed by rapid abstraction of
several investigations concerned with studies of the a hydrogen atom by the intermediate radical within the
stereochemical course of the decomposition of azo solvent cage would give ( —)-2 and the two isomers of
compounds have been conducted. Bartlett and Me- 4-cyano-3-pentenoic acid (3 and 4 ) .  Since the distance
Bride16 have reported that the photolysis of meso- and between the two radicals generated from intermediate 9
of predominantly (±)-azobis(2-phenyl-3-methyl-2-bu- is greater than that separating one of the radicals from
tane) in methylcyelohexane glass at —196° gave only the hydrogen atom to be abstracted, the coupling of
meso-3,4-diphenyl-2,3,4,5-tetramethylhexane (TMD- these radicals would be expected to require more time
PH) and mostly (± )-T M D P H , respectively. From than the disproportionation process. As a consequence
these experiments, it was concluded that the two of this time factor, the intermediate radicals could
radicals produced in a frozen medium under photo- achieve complete random orientation prior to their
chemical conditions have the properties anticipated for recombination and, accordingly, optically inactive
a radical pair in a cage in which the process of recom- coupled products would form. The elimination of
bination or disproportionation becomes faster than nitrogen might also occur to some extent via a con-
random orientation of the radicals. certed process, as depicted in Scheme II.

In contrast to these results, Greene17a_c found, quite 
recently, that, of the 28%  yield of meso- and non-meso-
2,3-diphenylbutanes obtained from the thermal de- c h e m e

composition of optically pure azobis-a-phcnylethanc in E
benzene at 105° in the presence of 2-methyl-2-nitroso- | ^  ^ ^
propane as scavenger, only a small amount of the non- H3C—C'' | •—*■
meso coupled product was optically active. These I CH3
observations were considered to be indicative of signifi
cant progress toward complete randomization of the
thermally generated radicals within the solvent cage _
prior to recombination. The results of this work are in 0
excellent agreement with those of Kopecky and Gil- ?
Ian,17 d who studied the decomposition of racemic and ^ i _No
optically active 1,1 '-diphenyl-l-methylazomethane. jpe— ¿1^ **"

The decomposition of an optically active six-mem- f' N=y=N ^
bered cyclic azo compound has been reported by - ^ . 0 — H
Bartlett and Porter18 to give an optically active coupled j
product. However, in this report, which was con- 0
cerned primarily with the thermolyses and with the 9
direct and sensitized photolyses of the meso and ( ± )  CN „ ^
cyclic azo compounds, the details of the optically active I 3 \
work were not given. CHf I +  ^-CH.CH.COOH

The formation of optically active decomposition ^ NC
products derived from optically active peroxides has 2 3 and 4
also received considerable attention.19 In these cases, 
some of the interpretations presented were similar to
those previously mentioned. This mechanism would also explain the insignificant

The foregoing, brief mechanistic discussions facilitate amount of optical activity exhibited by product
the consideration of somewhat related arguments to mixtures resulting from the thermal decomposition of

optically active azo acid,6 since isomerization of alkyl-

communication, 1968; (b) F . D. Greene and M . A. Berwick, A bstracts, SIS. F u r t i lG r n iO r G j  th .6  t n G r m s I l y  gGnGr&XGCl r&QICcUS
156th N ational M eeting of th e  American Chemical Society, A tlantic C ity, w o u l d  b e  e x p e c t e d  t o  b e c o m e  r a n d o m l y  O r i e n t e d  a t  a
N. J„  Sept 1968, No. 0112; (c) F. D. Greene, M . A. Berwick, and J . C. -n  v i  f  rn J -„ 1 7 a-c  t h a n  f l l p  o o r r e s n o n d i n cstoweii, j . Amer. chem . Soc., 92, 867 (1970); (d) k . r. Kopecky and t . considerably taster rate tnan tile corresponding
Gillan, Can. J . Chem., 47, 2371 (1969).

(18) P. D . B a rtle tt and  N. A. Porter, J . Amer. Chem. Soc., 90, 5317 (1968). (20) (a) R. F . H u tto n  and C. Steel, ibid., 80, 745 (1964), and references
(19) (a) S. Oae, T . Kashiwagi, and S. Kozuka, Chem. I n i .  (London), cited therein ; (b) I. I . Abram , G. S. Milne, B. S. Solomon, and C. Steel,

1 6 9 4  (1965), and  references cited therein ; (b) H . M . W alborsky and  C. J . ibid., 91, 1220 (1969); (c) H . Zollinger, “Azo and Diazo C hem istry,"
Chen, J . Amer. Chem. Soc., 89, 5499 (1967). Interseience Publishers Inc ., New York, N. Y., 1961, pp 328-337.
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T able II I
ORD, CD, and Uv Data fob (—)-4,4'-Azobis(4-cyanopentanoic acid) and 

(— )-Dimethyl 4,4'-Azobis(4-cyanopentanoate)
------— Concn, M ----------- .  -------------- ORD— ------ . ------------- CD-------------, ,--------- Uv------------- ,

Compd Solvent ORD, CD Uv Xextr, mji [M], deg Xmax, m/i Aemax Xmax, mg emax

( — )-4,4'-Azobis- 375 -1682
(4-cyanopentanoic Methanol 0.0178 0.0177 353 0 349 —0.84 348 20
acid)“ 327 +2298

227 +1289
(-)-Dimethyl 375 -2173

4,4'-azobis(4-cyano- Methanol 0.0170 0.0161 352 0 347 —0.97 348 19
pentanoate)6 328 +2760

225 +1468
( — )-4,4'-Azobis- 374 -1840

(4-cyanopentanoic Dioxane 0.0185 0.0167 348 0 350 —0.73 347 18
acid)“ 325 +1515

230 +  758
(— +Dimethyl 373 -1793

4,4'-azobis(4-cyano- Dioxane 0.0173 0.0155 351 0 347 —0.87 347 18
pentanoate)6 326 +2430

225 H 1620
“ H 25d -  44.8° (e 2.463, methanol), 98.9% optically pure based on [apo  +  45.3° for the (+ )  isomer. 6 [«]25d -  49.9° (c 3.802, 

methanol), 97.8% optically pure based on [qt]26d +51.0° for the (+ )  isomer.

radicals generated at low temperatures under photo- azobis(4-cyanopentanoate) in dioxane and in methanol 
chemical conditions.16 were investigated. Both compounds gave the expected

The question as to why the photochemical decompo- negative Cotton effect curve owing to the asym-
sition of optically active dimethyl 4,4'-azobis(4-cyano- metrically perturbed azo group. Another salient
pentanoate) gives rise to larger amounts of coupled feature of both sets of spectra is a second Cotton effect,
products (LM DE and HM DE) than the photolysis of with the first extremum appearing in the region 225-
the optically active azo acid and to no significant op- 230 mp. This second effect is due to the asymmetri-
tical activity in the resulting product mixtures must cally perturbed carbonyl function of the carboxyl and
also be considered. Perhaps an intermediate similar to carboxylate groups, respectively. The magnitude of
9 could not be generated in this case because the ester this Cotton effect is significantly smaller than that
functions would be incapable of stabilizing the cis-azo attributed to the azo group because the carboxyl and
linkage by hydrogen bonding. carboxylate moieties are further removed from the

An alternate explanation for these results would asymmetric carbon atoms of the respective azo com-
depend upon the formation of an intermediate involving pounds. These data as well as the corresponding
hydrogen bonding between the carboxyl substituents ultraviolet absorption data are summarized in Table
of the optically active acid.21 Models indicate that III.
within such a 13-membered cyclic structure in which The CD spectrum of (+)-2,2'-azobis(2-phenylbu-
the configuration of the azo linkage is cis, a six-mem- tane)22 was found to be quite interesting. Kosower
bered cyclic transition state similar to that depicted in and Severn22 observed that the circular dichroism of
9  is possible. Accordingly, hydrogen abstraction by this compound changes sign in the region of the n —  *-*
the intermediate radical is again more favorable than absorption.28“ The same result, with opposite sign,
the corresponding coupling process because of the was exhibited by the corresponding ( - )  isomer. The

hyd™gen atom to the abstract- possibility that this t splitting is due to two
mg radical. However, on the basis of the available _____ , * , 6 * ,,
data, no definite choice can yet be made between this , F. , • 1 10nS’ ° + T- anf  n~ T. ’
structure and structure 9. fatter having a small rotational strength and a sign

ORD and CD Properties of the Optically Active «PPosite to that of the main n+ - *  x* bond, was postu-
Azonitriles.— The first optically active azo alkane for latecL However, on the basis of theoretical calcula-
which ORD and CD data have been reported in tlons by Robm> H art> and Kuebler,28b Huang and
2,2 '-azobis(2-phenylbutane).22 The ORD curve of the Kosower24“ recently narrowed the assignment to that of a
( + )  isomer of this compound was determined in single electronic transition, n+ x*, with the observed
isooctane; the positive Cotton effect curve exhibited a change of sign being attributed to the presence of two
peak at 412 mu ([M] -+ 1420°) and a trough at 355 m/i vibronic states, each with some n+ tt* electronic 
([M ] — 2250°). Bartlett and McBride16 found that state but having accompanying vibrations of different
the optical rotatory dispersion of (+)-azobis(2-phenyl- symmetries. It is interesting to note that Robin and
3-methyl-2-butane) is quite similar to that of (+ )-2 ,2 '-  coworkers28b indicate that Kosower informed them that
azobis (2-phenylbutane) ,22 although the rotation in the the circular dichroism spectrum of a derivative of
latter case is stronger.

'd'he optical rotatory dispersions of ( — )-4,4 '-azobis- (23) (a) The originating orbital, n+, is the antibonding combination of
(4-cyanopentanoic acid) and of ( — )-dimethyl 4,4'- the two nonbonding orbitals on the azo nitrogens, and n_ is the corresponding

bonding combination;2311 (b) M. B. Robin, R. R . Hart, and N. A. Kuebler,
J .  Aimer. Chem. Soc., 89, 1564 (1967).

1B6Q15 R ' LaWt° n’ The University of M i«h>gan, personal communication, (24) (a) P. C. Huang and E . M. Kosower, ibid., 90, 2367 (1968). (b) The
/"oo\ tti t/ , _  _ ™ , derivative is probably optically active 2,2'-azobis(2-eyclohexylbutane);
( ) . M. Kosower and D. J .  Severn, Tetrahedron Lett,, 3125 (1966). see D. J .  Severn and E . M. Kosower, ibid ., 91, 1710 (1969).
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T able  IV
R ate Constants and Activation E n erg ies for the T hermal D ecomposition of 

Azonitriles in N ,N -D imethylacetamide

[a]® D , deg Optical purity, Decompn
Compd (c, solvent) % ft, min-1 temp, °C L'a, kcal/moi

roeso-4,4'-Azobis-
(4-cyanopentanoic
acid) . . .  . . .  8.02 X 10~3 77.6 31.9

2.23 X 10~2 85.3
4.32 X lO“2 90.9
1.22 X lO"1 99.8

(±)-4,4'-Azobis-
(4-cyanopentanoic
acid) . . .  . . .  9.20 X HR3 77.9 32.1

2.48 X lO“2 85.8
4.22 X lO"2 90.1
1.26 X 10- 1 99.1

(+)-4,4'-Azobis-
(4-cyanopentanoic
acid) +44.5 98.2“ 9.36 X 10“3 78.0 32.1

(4.768, methanol) 2.44 X 10“2 85.4
4.21 X lO' 2 90.0
1.21 X lO“1 99.0

( —)-4,4'-Azobis- 
(4-cyanopentanoic
acid) -4 3 .1  95.1“ 9.10 X 10~3 77.7 32.1

(4.602, methanol) 2.62 X 10 "2 86.0
4.42 X lO“2 90.5
1.35 XIO“1 99.7

meso-Dimethyl
4,4'-azobis(4-
cyanopentanoate) . . .  . . .  8.60 X 10-3 77.9 32.0

2.27 X lO“2 85.0
4.10 X 10-2 90.2
1.24 X lO“1 99.7

(+  )-Dimethyl 
4,4'-azobis(4-
cyanopentanoate) +49.7 97.hb 8.83 X 10-3 77.6 31.9

(3.880, methanol) 2.43 X 10~2 85.9
4.16 X 10- 2 90.0
1.23 X 10- 1 99.2

(— )-Dimethyl 
4,4'-azobis(4-
cyanopentanoate) —49.9 97.86 8.99 X IQ-3 77.9 31.9

(3.802, methanol) 2.35 X 10-2 85.4
4.19 XIO“2 90.2
1.19 X 10“ 1 99.0

“ Based on [<*]25d +45.3° for the (+ ) isomer. b Based on [a]25D +51.0° for the (+ ) isomer.

optically active 2,2'-azobis(2-phenylbutane)22 shows from the product of 2.303 and the slope of a plot of log
only one band in the n -*■ t *  region. However, the [v» / (v,, — vt) ] vs. time. Activation energies were
structure of this derivative was not specified.2415 obtained from the slopes of plots of In k  vs. 1 / T  >< 10s.

To determine whether similar behavior is exhibited Each  reaction investigated was found to exhibit first-
by optically active 4,4'-azobis(4-cyanopentanoic acid) order kinetics. The rate data are summarized in
and by the corresponding dimethyl ester, the circular Table IV.
dichroisms of the ( —) isomers of both compounds were Small differences in rate constants for optical isomers 
determined in dioxane and in methanol. The CD of the same compound can be attributed to slight dif-
curves possessed a single absorption in the n -*■ 7r* ferences in decomposition temperature for correspond-
region (Table I I ) , and, on the basis of the conclusions ing runs. The activation energies are quite similar to
arrived at by Robin and coworkers23 and by Huang and those reported for related azonitriles.25
Kosower,24“ this band can be assigned to the n+ -*■ it*
transition. Experimental Section

Kinetics.—The rates of thermal decomposition ot
the various isomers of 4,4'-azobis(4-cyanopentanoic Melting points are uncorrected. Microanalyses were per-
acid) and of dimethyl 4,4'-azobis(4-cyanopentanoate) f°™ ed Alfred Bernhardt Mikroanalytishes Laboratorium diiiu ' j  j \ j  £  7 Mulheim (Ruhr), West Germany, and by Spang Microanalytical
were determined at tour temperatures, in e  volume Laboratory, Ann Arbor, Mich. Nuclear magnetic resonance 
of nitrogen evolved during specified time intervals was ___________
determined from the displacement of mercury in a 2̂5) “Polymer Handbook/' J. Brandrup and E. H. Immergut, Ed., John
gas buret, and th.e rate constant, k } was calculated wiiey & Sons, inc., New York, n. y ., 1966, pp 113 -1  is.
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spectra were obtained on a Varían Associates Model A-60 spec- The combined acetone filtrate was evaporated under reduced 
trometer using tetramethylsilane as internal standard, except pressure at room temperature, and to the remaining quinine salt
where noted otherwise. Infrared spectra were recorded on a of ( —) isomer kept at 0-5° was added, with stirring, excess 4 N
Perkin-Elmer Model 521 spectrophotometer and on a Perkin- hydrochloric acid (275-300 ml). The resulting suspension was
Elmer Model 257 spectrophotometer. Ultraviolet absorption cooled a t —3° for 10 hr, after which time filtration and subsequent
data were obtained with a Beckman Model DU spectropho- recrystallization of the (—) isomer from water at 60-65° gave20 g
tometer, and the ORD and CD measurements were made with a (48.2% overall yield) of colorless platelets, [a ]25D —44.8° (c
Jasco ORD/CD/UV-5 spectropolarimeter at room temperature. 2.463, methanol), mp 130-131° dec. No change in the melting
All observed rotations at the sodium d line were determined with point or specific rotation could be effected by further recrystal-
a Bendix-Ericsson Type 143A polarimeter (0.1-dm cell) at 25°, lization. The ORD and CD data for the ( - )  isomer are sum-
and, in those instances where specific rotations are listed without marized in Table III; „ H  2255 (C ee= N ) and 1715 cm"1 (C =0);
reference to sample concentration, the reader should assume that X“«0H 348 m/t (« 20); nmr (CF3COOH) T 8.24 (singlet, 6 H,
the concentration for the specific rotation in question was given CCH3) and 7.32 (singlet, 8 H, CH2CH2COOH).
in an earlier experiment. Refractive indices were measured A n a l . Caled for Ci2Hi6N40 4: C, 51.43; H, 5.75; N, 19.99. 
with an Abbe (Spencer 1747) refractometer. All preparative and Found: C, 51.61; H, 5.89; N, 19.84.
analytical glpc was performed on a Varían Aerograph Model Resolution of (±)-4,4'-Azobis(4-cyanopentanoic acid) by 
A-700 with a 20 ft X 0.375 in. aluminum column packed with Fractional Crystallization.—(±)-4,4'-Azobis(4-cyanopentanoic
20% SE-30 silicone gum rubber on 60-80 mesh Chromosorb W. acid) (33 g) was dissolved in c a . 1000 ml of water at 60-65°,
Petroleum ether refers to the fraction boiling at 30-60°. and slow cooling of the resulting solution to room temperature

Separation of m eso - and (± )  Isomers of 4,4'-Azobis(4-cyano- afforded 25 g of a mixture of racemic isomer (colorless solid) and
pentanoic acid).—The procedure of Haines and Waters,3 some- impure ( +  ) isomer (colorless platelets), [<*]25d +1.36° (c 2.980,
what modified, was utilized. A slurry of 360 g (1.28 mol) of methanol), mp 120-122° dec. The platelets (5.5 g) were Sep-
4,4'-azobis(4-cyanopentanoic acid) (Aldrich) in 21,600 ml of 10% arated from the racemic isomer with tweezers and subjected to
aqueous methanol (60 ml per gram of mixed acids), distributed slow recrystallization from c a . 400 ml of water as previously de-
between two 6000-ml erlenmeyer flasks, was stirred for 24 hr, scribed; after 4 hr, 1.5 g of colorless platelets formed, [a ]25D
after which time it was filtered to give crude m e so  isomer. This +8.53° (c 2.355, methanol), mp 125-127° dec. A third re
isomer was dissolved at 75-80° in c a .  12,000 ml of water, and crystallization of this material from c a . 250 ml of water gave 0.65
cooling of the solution to room temperature afforded 114.5 g g of colorless platelets, [<*]26d +40.8° (c 2.875, methanol), 90%
(ca. 60% yield)26 of colorless needles: mp 134.5-135° dec (lit.3 optically pure based on [a ]26D +45.3°, mp 129-130° dec.
mp 128 dec); vmJ  2255 (C=N) and 1715 cm-1 (C =0); X%jH Syntheses of ( +  )- and ( —)-Dimethyl 4,4'-Azobis(4-cyano- 
350 m¡i (« 18); nmr (CF3COOH) t 8.17 (singlet, 6 H, CCH3) pentanoate).—A solution of diazomethane in ether was prepared
and 7.37 (singlet, 8 H, CH2CH2COOH). from 35 g (0.340 mol) of N-nitroso-N-methylurea according to

A n a l . Caled for Ci2Hi6N404: C, 51.43; H, 5.75; N, 19.99. the method of Eistert27“ and distilled as described by Arndt.27b
Found: C, 51.75; H, 5.92; N, 19.96. This solution was added slowly to a stirred slurry of 8.35 g (29.8

Upon cooling the filtrate at —3° for 24 hr, crude (± )  isomer mmol) of ( +  )-4,4'-azobis(4-cyanopentanoic acid), [<x]25d +45.3°, 
precipitated. Recrystallization from c a . 4000 ml of water main- in ether maintained at 0—5°. The resulting yellow solution was
tained at 60—65 gave 86.5 g [c a . 50% yield)26 of colorless solid: stirred for 1 hr, after which time the ether was removed under
mp 117-118 dec (lit.3 mp 110-111° dec); „™xr 2245 (C=N) vacuum and the residual colorless solid was dissolved in ethanol,
and 1715 cm 1 (C =0); Xm„ 349 npt (<= 19); nmr (CF3COOH) Refrigeration of the solution at —20° for 10 hr allowed the pre-
t 8.24 (singlet, 6 H, CCH3) and 7.32 (singlet, 8 H, CH2CH2- cipitation of 7.8 g (85% yield) of colorless needles, [q:]2Sd +51.0°
^0*TH). _ (c 2.970, methanol), mp 72-73°. Further recrystallization from

A n a l . Caled for Ci2Hi6N40 4: C, 51.43; H, 5.75; N, 19.99. ethanol failed to increase the specific rotation and the melting 
Found: C, 51.56; H, 5.80; N, 19.87. point: „ If1 2240 (C=N) and 1735 cm' 1 (0 = 0 ); xS?H 348

Resolution of (±)-4,4'-Azobis(4-cyanopentanoic acid) with mM > 19); nmr (DMSO-+) r 8.37 (singlet, 6 H, CCH3), 7.61 
Quinine.—A mixture of 83 g (0.296 mol) of (±)-4,4'-azobis(4- (singlet, 8 H, CH2CH2COOCH3), and 6.42 (singlet, 6 II, CO-
cyanopentanoic acid) and 192.2 g (0.592 mol) of quinine was OCH3).
added portionwise and with stirring to c a . 6000 ml of acetone A n a l .  Caled for Ci4H20N4O4: C, 54.54; H, 6.54; N, 18.17.
maintained at room temperature. Stirring was continued for 2 Found: C, 54.53; H, 6.48; N, 18.07.
hr after the addition of the mixture to ensure complete pre- The (—) isomer was prepared in asimilar fashion from 1 g (3.57 
cipitation of the quinine salt of the ( + ) isomer. Subsequent mmol) of (—)-4,4'-azobis(4-cyanopentanoic acid), [aĵ D —44.8°,
filtration followed by several washings of the salt with 2000-ml utilizing a solution of diazomethane prepared from 17 g (0.165
portions of acetone gave 180.9 g (61% yield, theoretical yield mol) of N-nitroso-N-methylurea. Recrystallization from ethanol
50%) of impure qumme salt of (+ ) isomer, mp 120-123° dec. at -2 0 °  gave 0.91 g (83% yield) of colorless needles, [c*]26d
This salt was added portionwise and with stirring to an excess of - 5C .6° (c 3.104, MeOH), mp 72-73°, and no change in these data

N  hydrochloric acid (275 300 ml) kept at 0-5 . The resulting could be effected by further recrystallization. The ORD and CD 
suspension was cooled at - 3 °  for 7 hr and then filtered to give data for the ( - )  isomer are listed in Table III; „j?uio1 2240
47.5 g (0.169 mol) of impure (+ ) isomer, mp 119-122° dec. (Cfe=N) and 1735 cm“1 (C =0); x“.?H 348 mp (e 19); nmr
A further resolution of this isomer, conducted in the same manner (DMSO-d6) r 8.37 (singlet, 6 H, CCH3), 7.61 (singlet 8 H
as the first, utilizing 110 g (0.339 mol) of quinine and c a . 5000 CH2CH2COOCH3), and 6.42 (singlet, 6 H, COOCH3).
ml of acetone, gave 110 g (40% yield based on the first resolution) A n a l .  Caled for C14H20N4O4: C, 54.54; H 6.54- N 18 17
of analytically pure quinine salt of the (+ ) isomer, [a ] 26d  -131° Found: C, 54.63; H, 6.52; N, 18.26. ’
(c 3.056, methanol), mp 129-130 dec. Recrystallization of this Synthesis of meso-Dimethyl 4,4'-Azobis(4-cyanopentanoate).— 
salt from large volumes of acetone did not change its melting The esterification of 7.5 g (26.8 mmol) of rieso-4,4'-azobis(4-
pomt or specific rotation. n  cyanopentanoic acid) was conducted in the manner described in

^ ^ o ^ n 67’22’ H, 6.94; N, 12.06. the preceding experiment, utilizing a solution cf diazomethane in
7 % - k T 9\ . , AT ether prepared from 35 g (0.340 mol) of N-nitroso-N-methylurea.

Generation of the (+ ) isomer by treatment of this salt with 4 N  The crude ester was dissolved in ethanol and refrigeration of the
hydrochloric acid in the same fashion as previously described solution at - 20° gave 6.21 g (75.3% yield) of colorless platelets:
and subsequent recrystalhzation of this isomer from water mam- mp 98-99°; „ I f1 2250 (Cs=N) and 1735 cm“1 (C =0); x ! f H
r eM» ^  fno.7 ™ Z° °V n yle tV lT '°u  349 (e 19>; nmr (DMSO-de) r 8.32 (singlet, 6 H, CCH,),lets, [a ] d +45.3 (c 3.037, methanol), mp 130-131 dec. Fur- 7.62 (singlet, 8 H, CH2CH2COOCH3), and 6.43 (singlet, 6 H,

ther recrystalhzation of the (+ ) isomer from water did not alter COC>CH3) 6 171
171 Tcm-? i 0tati? :o n f 225S „ T d A ™ L  Caled for CI4H20N4O4: C, 54.54; H, 6.54; N, 18.17.1715 cm (C =0); X»« 348 mp (e 20); nmr (CF3COOH) r Found: C, 54.52- H 6 35- N 18 05
8.24 (singlet, 6 H,CCH3) and 7.32 (singlet, 8 H,CH2CH2COOH). ’ ’ ’ ’ ’ U° ’

A n a l .  Caled for Ci2H16N40 4: C, 51.43; H, 5.75; N, 19.99. ----------------
Found: C, 51.60; H, 5.81; N, 19.85.
______________  (27) (a) B. Eistert in “Newer Methods of Preparative Organic Chem

istry,” Interscience Publishers, New York, N. Y ., 1948, p 564; (b) F . 
(26) The indicated yield was calculated on the basis of the approximate Arndt, “Organic Syntheses,” Coll. Vol. I I ,  John Wiley & Sons, Inc., New 

theoretical composition of the mixed acids as determined by nmr analysis. York, N. Y ., 1943, pp 165, 166.
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Synthesis of the Isomers (LMDE, HMDE) of Dimethyl 4,5- solid, mp 182-183° (lit.8 mp 182-183°). Samples of LMDA
Dicyano-4,5-dimethyloctane-l,8-dioate.—The procedure em- (c 3.472, methanol) and of HMDA (c 3.768, methanol) exhibited
ployed was identical with that described for the esterification of no optical activity at the sodium d line or in the range of 600-210
(+)- and (—)-4,4'-azobis(4-cyanopentanoic acid). The solu- m# (ORD):28 ¡w , HMDA, 2240 (C=N) and 1710 cm-1 (C=0);
tions of diazomethane in ether were prepared from 17 g (0.165 LMDA 2240 (C=N) and 1710 cm-1 (C =0); nmr (CF3COOH)
mol) of N-nitroso-N-methylurea. Esterification of 3 g (11.9 HMDA t 8.33 (singlet, 6 H, CCH3), 7.75 (multiplet, 4 H, CH2-
mmol) of HMDA3 and recrystallization of the resulting HMDE CH2COOH), and 7.15 (multiplet,4 H, CH2CH2COOH); LMDA, r
from ethanol at —15° gave 2.4 g (72% yield) of colorless needles: 8.35 (singlet, 6 H, CCH3), 7.77 (multiplet, 4 H, CH2CH2COOH),
mp 136.5-138°; >wo1 2240 (C=N) and 1740 cm-1 (C =0); and 7.17 (multiplet, 4 II, CH2CH2COOH).
nmr (internal standard, DSS, DMSO-A) r 8.57 (singlet, 6 H, A n a l .  Calcd for Ci2Hi6N20 4: C, 57.13; H, 6.39; N, 11.11. 
CCH3), 7.95 (multiplet, 4 H,CH2CH2COOCH3), 7.45 (multiplet, Found: HMDA C, 57.18; H, 6.38; N, 11.10. LMDA C, 
4H, CH2CH2COOCH3), and 6.38 (singlet, 6H, COOCH3). 57.00; H, 6.26; N, 11.07.

A n a l . Calcd for Ci4H20N2O4: C, 59.99; H, 7.19; N, 9.99. The remaining aqueous solution was lyophilized (0.025 mm) 
Found: C, 59.82; H, 7.10; N, 9.98. for 24 hr, and column chromatography (65 X 2.2 cm column) of a

Similar treatment of 2.7 g (10.7 mmol) of LMDA3 gave 2.6 g 4-g portion of the remaining product mixture (12.4 g) over 160
(86.7% yield) of LMDE as a colorless solid: mp 105.5-107°; g of silica gel absorbent (Grace-Davison Chemical, Grade 923)

2240 (C=N) and 1740 cm-1 (C =0); nmr (DSS internal using ether as eluent gave, in the order in which they came off the
standard, DMSO-de) t 8.57 (singlet, 6 H, CCH3), 7.95 (multiplet, column, 0.32 g (8% yield) of LMDA [optically inactive at the
4 H, CH2CH2COOCH3), 7.47 (multiplet, 4 H, CH2CH2COOCH3), sodium d line and in the 600-210-mM range (ORD) (c 3.312, meth-
and 6.38 (singlet, 6 H, COOCH3). anol)], mp 182-183°, 1.75 g (43.8% yield) of analytically impure

A n a l . Calcd for C14H20N2O4: C, 59.99; H, 7.19; N, 9.99. ( - )  acid 2, [a] 26d - 9.94° (c 3.116, methanol), and 1.65 g (41.3%
Found: C, 59.73; H, 7.15; N, 10.03. yield) of a mixture of c is  and irons olefins 3 and 4, n23D 1.4575.

Photochemical Decompositions of ( +  )-4,4'-Azobis(4-cyano- Impure acid 2 was rechromatographed (48 X 2.2 cm column)
pentanoic acid).—The results of these experiments are summa- over 80 g of silica gel and elution with an 80% ether-petroleum
rizedinTablel. The samples of (+ ) acid were dissolved in 100 ml ether (v/v) solvent mixture gave 1.47 g (36.8% yield based on
of Spectrograde methanol (Matheson Coleman and Bell) in a the mixture added to the first column)29 of 2: [a]26D —13.1°
Pyrex photolysis cell (c a . 240-ml capacity) fitted with aground- (c 3.112, methanol); [M]225 — 352° (c 0.3107, methanol); n23D
glass joint. The cell was connected to a copper coil surrounded 1.4476; 2 2245 (C=N) and 1715 cm-1 (C =0); 3 and 4,
by a Pyrex glass jacket through which circulating water flowed. 2225 (C=N), 1710 (C =0), and 1635 cm-1 (C=C); nmr [(CD3)2-
The coil, in turn, was connected by means of Tygon tubing to the C =0], 2, r 8.90 (doublet, 3 II, J  = 6.5 cps, CCH3), 8.22 (multi
mouth of a Pyrex bottle containing water (c a . 2000 ml). An plet, 2 H, CH2CH2COOH), 7.51 (multiplet, 2 H, CH2CH2-
opening at the bottom of the bottle was connected by means of a COOH), 5.39 (multiplet, 1 H, CH), and —1.48 (singlet, 1 H,
rubber tubing to a manometer (upper half of a polyethylene wash COOH); 3 and 4, t 8.05 and 7.94 (two doublets, 6 H, J  = 3 and
bottle). The progress of each reaction was followed by the 1 cps, respectively, CCH3), 6.09 and 5.97 (two doublets, 4 H,
volume of water displaced by the evolved nitrogen, the water J  =  9.5 and 10 cps, respectively, CH2COOH), 3.95 (multiplet,
being collected in a graduated cylinder. This technique proved 2 H, C=CH), and — 1.62 and — 1.73 (twosinglets, 2 H, COOH). 
to be considerably accurate. A n a l .  Calcd for C6H9N02 (2): C, 56.68; H, 7.13; N, 11.02.

The cell containing the solution of azo compound was placed Found: C, 56.89; H, 6.98; N, 11.06. Calcd for C6H7N02
in a dewar flask (6-in. i.d., 4300-ml capacity) adjacent to a quartz (3 and 4): C.57.59; H, 5.64; N, 11.19. Found: C, 57.36;
jacket containing a Hanovia 450-W medium-pressure mercury H, 5.39; N, 10.97.
lamp. This dewar flask, containing a thermometer, was filled Photochemical Decomposition of ( +  )-Dimethyl 4,4'-Azobis(4-
with ethanol and lined with a copper coil which was connected cyanopentanoate) at —20°.—A solution of 6.7 g (21.7 mmol) of
by means of tygon tubing to the quartz jacket and to another ( + )-dimethyl 4,4'-azobis(4-cyanopentanoate), [oJ 2Sd +50.8°
copper coil lining the sides of a second dewar flask (6-in. i.d., (c 1 .000, methanol), in 100 ml of tetrahydrofuran (freshly dis-
4300-ml capacity). For the reaction at 10°, the second dewar tilled from LiAlH4) was intermittently irradiated, as described
flask was filled with an acetone-ice mixture (replenished c a . for the (+ ) acid, for 38 hr, after which time quantitative nitrogen
every 50 min) and the solution of azo compound, 7 g (25.0 mmol), evolution occurred. A Dry Ice-acetone mixture was used to
[ce]25d +43.7° (c 3.531, methanol), 96.7% optically pure based maintain the reaction temperature at —20°. In this case, eth-
on [a]25D +45.3°, was cooled by circulating ethanol through the anol was not circulated through the quartz jacket. Instead, that
entire system. Irradiation of the solution of azo compound was area of the jacket through which coolant would normally flow
conducted intermittently for 21 hr, during which time quan- was filled with ethanol. The photolyzed solution exhibited no
titative nitrogen evolution occurred. The resulting solution optical activity at the sodium d line and its ORD spectrum gave
exhibited an observed rotation of -  0.040 °. no indication of significant activity in the range 450-290 mn .

A mixture of methanol-water ( c a . 50:50 v/v) and Dry Ice was A portion (25 ml) of the photolyzed solution was analyzed by 
used to cool the circulating ethanol for the reaction at —8°. preparative glpc at 285°. An analytical run indicated the pres-
Quantitative nitrogen evolution occurred after intermittent ir- ence of three components with retention times of 1.5, 1.9, and
radiation of the solution of azo compound, 9.6 g (34.2 mmol), 10 min, respectively. The two components with the shortest
[a]2sD + 43.7°, for 20 hr and the resulting solution possessed an retention times were collected with the solvent and the major
observed rotation of —0.050°. Similarly, a Dry Ice-methanol component with the longest retention time was a slightly yellow
mixture was used to cool the circulating ethanol for the photolysis solid, 0.98 g (65.3% based on the fraction analyzed). Two re
conducted at -2 0 ° . The solution of (+ ) acid, 17.2 g (61.4 crystallizations of this material from methanol gave a colorless,
mmol), [a] 25d +45.3° (c 3.107, methanol), was irradiated inter- crystalline solid, mp 100-133°. Solutions of this compound
mittently for 24 hr, after which time quantitative nitrogen evolu- exhibited no optical activity at the sodium d line (c 3.758, 2,2,2-
tion occurred. An observed rotation of —0.096° was exhibited trifluoroethanol) or in the region of 450-200 m/i (ORD, c 0.6484,
by the photolyzed solution. 2,2,2-trifluoroethanol).28 The broad melting point range indi-

Decomposition Products.—The solution photolyzed at -2 0 °  cated that the compound was a mixture of two isomers of coupled
was subjected to thin layer chromatography, utilizing a precoated diester, and the corresponding infrared and nmr data were essen-
silica gel (polyethylene terephthalate) sheet (Eastman Chromo- tially identical with those of LMDE and HMDE. 
gram Sheet 6060) and methanol as developing solvent. Two Tetrahydrofuran was removed by rotary evaporation (40°)
nearly overlapping spots, detected by exposing the dried sheet from the remaining photolyzed solution (75 ml), and, after dis-
to iodine vapor, appeared in close proximity to the point of initial filiation of the photolysis mixture at 80° (0.25 mm), a mixture of
spotting. These spots were attributed to HMDA and LMDA, colorless solid and a minimum of yellow liquid remained. The
respectively, by comparison with authentic samples.3 ... .

Methanol was removed by rotary evaporation (40°) from the <28> The <’°uP1?d products exhibited no optical activity at the sodium
M eiH diiu i W »  j  J  F  \ ' .  , n -  d line or in the indicated ORD range prior to  their purification by recrystal-photolyzed solution, and upon addition of 100 ml of water to the ation

product mixture (15.3 g), 2 g (13.1% yield) of HMDA precipi- (29) The overall yields summarized in Table I were calculated on the
tated. Recrystallization of this isomer from dioxane gave color- basis of the fact that the original photolysis mixture weighed 15.3 g and that, 
less needles, m p 207-208° (lit.3 mp 207-208°). Subsequent cool- a-fter nearly complete separation of the coupled products, a 4-g portion of the 
ing of the aqueous filtrate at —3° afforded 0.8 g (5.2% yield) remaining mixture which weighed 12.4 g was analyzed by column chroma- 
of LMDA, which was recrystallized from water to give a colorless tography.

Optically Active Azonitriles J .  Org. Chem., Vol. 35, No. 6,1970 1769



ORD spectrum of the distilled liquid products (c 2.500, methanol) Kinetics of the Thermal Decompositions.—The apparatus
showed no optical activity in the range 300-208 m/n. The residue employed was similar to that used by Overberger and Gainer.30
was washed with 50 ml of ether and subsequent filtration gave It consisted of an inner chamber into which the sample was intro-
3.1 g (67.4% based on the fraction distilled) of colorless solid. duced and an outer chamber in which a suitable liquid was re-
Two recrystallizations of this compound from methanol afforded fluxed. A 10-mm-diameter tube allowed the nitrogen evolved
a colorless, crystalline solid, mp 100-133°, whose infrared and to pass from the inner chamber, through a cooling coil at 27°,
nmr spectra were identical with those of the material obtained by into a 100-ml gas buret (graduated in 0.1 ml) surrounded by a
preparative glpc. Samples of the compound (c 3.216, 2,2,2- glass jacket through which water maintained at 27° flowed,
trifluoroethanol) and of the ether filtrate failed to exhibit optical The course of each decomposition was followed by measuring the
activity at the sodium d line and in the 450-200-mji range (ORD) rate of evolution of nitrogen, which displaced a volume of mercury,
(c 0.6132, 2,2,2-trifluoroethanol):28 2240 (C=N) and 1740 For a typical run, 15 ml of N,N-dimethylacet&mide was placed
cm-1 (C =0); nmr (internal standard DSS, DMSO-ds) r 8.58 in the inner chamber. A suitable liquid, chosen according to
(singlet, 6 H, CCH3), 7.95 (multiplet, 4 H, CH2CH2COOCH3), the temperature desired (ethanol at c a . 100°), was refluxed in the
7.45 (multiplet, 4 H, CH2CH2COOCH3), and 6.38 (singlet, 6 H, outer chamber. When the temperature had reached equilibrium
COOCH3). and the levels of mercury in both sides of the manometer were

A n a l . Calcd for C14H20N2O4: C, 59.99; H, 7.19; N, 9.99. brought to the same level, the initial volume reading («1) from 
Found: C, 60.07; H,7.12; N, 10.01. the buret was recorded. The sample ( c a . 300 mg) was quickly

Photochemical Decomposition of (+)-Dimethyl 4,4'-Azobis- introduced into the inner chamber, which was stoppered with a
(4-cyanopentanoate) at —50°.—A solution of 7.3 g (23.7 mmol) Reducing-Bushing-type adapter containing a thermometer
of (+)-dimethyl 4,4'-azobis(4-cyanopentanoate), [a]25D +51.0°, immersed in the solution of azo compound. Stirring of the solu-
in 100 ml of tetrahydrofuran (freshly distilled from LiAlH,) tion was effected continuously with a Teflon-coated stirring bar,
was irradiated in the usual manner. A Dry Ice-acetone mixture and no variation in reaction temperature was observed during
was used to maintain the reaction temperature at —50°, and in each of the decompositions. At specific time intervals (based
this case ethanol was circulated through the quartz jacket. on the rate of nitrogen evolution), the volume of nitrogen evolved
Quantitative nitrogen evolution occurred after intermittent ir- (vt) was recorded. This procedure was followed until c a . 75-
radiation for 46 hr. The photolyzed solution exhibited no sig- 80% of the theoretical volume of nitrogen had been evolved,
nificant optical activity in the range of 450-290 m/4 (ORD). When the evolution of nitrogen ceased, that volume reading was

Distillation of the photolysis mixture, employing the conditions taken as vt; these final readings agreed well with the stoichio-
described in the preceding experiment, ultimately gave 4.5 g metric values. All vt readings were recorded after 10-12 half-
(68% yield) of coupled products. Two recrystallizations of this times had elapsed and was determined from the relationship
isomeric mixture from methanol afforded a colorless, crystalline va  = vt — Vi.
solid, mp 100-133°, whose infrared and nmr spectra were iden-

( ” ) 't^ ;A z o b i9 (4 -cy a n o re n ta n o ic
the sodium d line (c 3.518, 2,2,2-trifluoroethanol) and in the acid), 23886-45-5, meso-4,4 -azobis (4-cyanopentanoiC
range of 450-200 m/u (ORD) (c 0.5984, 2,2,2-trifluoroethanol).28 acid), 23886-46-6; (±)-4,4'-azobis(4-cyanopentanoic
An ORD spectrum of the distilled products (c 2.430, methanol) acid), 23886-47-7; (+)-4,4'-azobis(4-cvanopentanoic
failed to show any activity in the range of_300-208 n* acid) 23942-62-3; ( +)-4,4'-azobis(4-cVanopentanoic

Vacuum Sublimation of the Mixture of LMDE and HMDE.— , . . ’ n /  \ V  i A At
A sample of the isomeric mixture of coupled diesters (1.5 g) was ACid) (quinine salt), 23886-48-8, ( — )-dimethyl 4,4 -
sublimed at 50° (0.025 mm) for 48 hr, after which time 0.68 g of azobis(4-cyanopentanoate), 23886-49-9; weso-dimethyl
colorless solid, mp 103-120°, was collected. This material was 4,4 '-azobis(4-cyanopentanoate), 23886-50-2; (+ )-d i-
resubhmed a t « “ (0.025 mm) for 24 hr to give0.51 gof solid, mp methyl 4,4'-azobis(4-cyanopentanoate), 23886-51-3;
104.5-118 . 1 he melting point range could not be significantly ,, , , r , - ,. ,, , , , 0 ,• ,
altered (mp 105-117.5°) after a third sublimation at 40° (0.025 dimethyl 4,5-dicyano-4,5-dimethyloctane-l,8-dioate,
mm). Recrystallization of the latter sublimate and residue 23886-55-7; 4,5-dlcyano-4,5-dimethyloctan-l,8-01C acid,
afforded a colorless, crystalline solid, mp 105.5-114°. A second 23886-56-8; 2, 23886-52-4; 3 ,23886-53-5; 4 ,23886-
recrystallization from methanol failed to narrow the melting- 54-6.
point range.

The residue from the first sublimation, 0.78 g, mp 122-134°, A , , , x iir AT x- i
and that from the second, 0.24 g, mp 124-135°) were combined Acknow ledgm ent.- W e  wish to thank the National
and recrystallized from methanol to give a colorless, crystalline Science Foundation (Grant GP-7600) for generous 
solid, mp 126-137°. Subsequent recrystallization from methanol support; of this work, 
did not change the melting-point range. The infrared and nmr
spectra of both impure isomers were essentially identical with (30) C. G. Overberger and H. Gainer, J .  Amer. Chem. Sac., 80, 4561
those of the parent mixture and of pure LMDE and HMDE. (1958).
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Vacuum  Pyrolysis of Nitrostyrenes

T homas H. K instle and J ohn G. Stam1(1 

D e p a r tm e n t o f  C h em istry , I o w a  S ta te  U n iv ersity , A m e s , I o w a  6 0 0 1 0  

R ece iv ed  N o v em b er  7 , 1 9 6 9

The gas-phase vacuum pyrolysis of a series of nitrostyrenes produced major products which are the result of 
intramolecular nonradical reactions, in contrast to the known behavior of alkylnitro compounds and nitroaromatic 
compounds. ;3-Methyl-/3-nitrostyrene, for instance, yields benzaldehyde, acetonitrile, and methyl isocyanate 
as major products. Mechanisms for the major products are proposed and comparisons with mass spectral and 
photochemical processes are made and discussed.

The pyrolytic behavior of nitroalkaneslb has recently spectrum, revealed nitrostyrenes to be quite thermally 
been reviewed, and that of nitroaromatics2 has been the stable. The only pyrolysis reaction observed was the 
subject of much current interest. In both instances elimination of H N 02 from /3-nitrostyrene itself, 
the main pyrolysis reaction involves cleavage of the Our observations of pronounced thermal effects on 
nitro group to generate two radicals which lead to the the mass spectra of nitrostyrenes prompted us to
observed products. Similarities in the mass spectral examine in more detail their thermal chemistry under
behavior of nitroaromatics3 and nitrostyrenes4 coupled conditions of high temperature and low pressure. The
with the known photochemical lability of nitro olefins5’6 results are described below. Vapor phase chromatog-
suggested that nitrostyrenes might exhibit thermal re- raphy, nuclear magnetic resonance, infrared and mass
actions analogous to those observed for nitroaromatics. spectral techniques, along with authentic compound 

Two reports on the pyrolysis of nitrostyrenes have comparisons, were used to prove structures of products,
been published.7’8 The pyrolysis of /3-bromo-/3-nitro- Details, including a description of the apparatus used,
styrenes7 reportedly yields a ,8- or /3,/3-dibromostyrenes are given in the Experimental Section.
(eq 1 and 2) via the divalent carbon intermediate 1 ,

Results and Discussion

( C j )  \0 /  The pyrolysis experiments were generally conducted
' {  /B r  \ /H  at pressures in the range of 0.001-0.005 mm, but occa-

C=C ^C=C^ (1) sionally higher pressures were employed. The nitro-
jt N02 Br Br styrenes were found to be thermally quite stable and did

not decompose at temperatures less than 400°, while 
,— ,  ̂ even at 500° the pyrolysis reactions were often in-

(C y ) \ ( y )  complete. At temperatures equal to or in excess of
'— \  /B r  ' \ /B r  600°, pyrolysis was complete. Generally 0.1-0.4 g

C=Q^ —> C=G \ (2) 0f material was pyrolyzed during an 8- 12-hr period.
N02 / F nx Br The yield of products was 60-70% , with the remainder

( ( _ ) )  \ v J /  being gaseous or carbonaceous materials.
' ’ Pyrolysis of /3-nitrostyrene (2) at 600° resulted in the

formation of benzaldehyde, a white, polymeric material, 
which adds bromine. The a,/3-dibromo product (eq 1) an(j a gaSj probably hydrogen cyanide, as indicated in
was postulated to arise by a 1 ,2-hydrogen migration. A eq 3 The polymeric material changed to a red-brown

Ph
\  _  CHO

@  A  -  XR /  ----» ( )] + polymer + HCN (3)
1, R = H, CeHe / C=C\  A ^

H NO,
subsequent study on the pyrolysis of simple nitro- 2
styrenes in the heated inlet (230°) of a mass spectrom
eter,8 with product identification from the mass

c o lo r  u p o n  p ro lo n g e d  e x p o s u re  t o  a i r ,  a n d  c o u ld  n o t  be

(1) (a) HEW Predoctorai Fellow, 1966- 1969; (b) g . m . Nazin, g . b . re c ry s ta ff iz e d  f r o m  a n y  o f  a  v a r i e t y  o f  s o lv e n ts . T h e
Manelis, and F. I. Dubovitskii, Usp. Khim., 37, 1443 (1968). p y ro ly s is  o f  l , l - d i p h e n y l - 2 -m tr o e th y le n e  (3 )  u n d e r

(2) (a) e . k . Fields and s. Meyerson, j . Amer. Chem.. Soc., 89,724 (1967); similar conditions gave benzophenone, the same poly-
(b) E. K. Fields and S. Meyerson, ibid., 89, 3224 (1968); (c) E. K. Fields . . ,  , „ • j  GPU
and s. Meyerson, j . Org. Chem., 34, 3114 (1967); (d) e . k . Fields and s. meric material, and probably hydrogen cyanide. The
Meyerson, Tetrahedron Lett., 1201 (1968). formation of the same polymeric material from 2 and 3

(3) H. Budzikiewiez, C. Djerassi, and D. H. Williams, "Mass Spectrom- im p lic a te d  t h e  /3-C arbon  a t o m  fo r  i t s  f o r m a tio n . I t  W as
etry of Organic Compounds,’ Holden-Day, Inc., San Francisco, Calif., r  , , ,  a  ,
1967, p 612? postulated that placing an alkyl group on the /3-carbon

(4) T. H. Kinstle and J. G. Stam, Org. Mass Spectrom., in press. a t o m  m ig h t  le a d  t o  m o re  S ta b le  p y ro ly s is  p ro d u c ts .

(5) ?oiL(i966)Pman’ P G Cleveland’ and E' Hoganson' Chem- Com' Indeed, this was borne out by the absence of any
(6) O. L. Chapman, D. C. Heckert, J. W. Reasoner, and S. P. Thacka- polymeric products in the pyrolysis of /3-methyl-/3-

berry, j . Amer. chem. Soc., 88, 5550 (1966). nitrostvrene (4), which yielded acetonitrile, benzalde-
(7) C F. H Allen and C. V. Wilson, J .  Org. Chem., 5, 146 (1940). 1  ̂ •. . , , ■» i v. i
(8) c !  f . h . Aiien and g . p. Happ, Can. j . chem., 42,650 (1964). h y d e , b e n z e n e , m e th y l  i s o c y a n a te , m e th y l  p h e n y l-

Vacuum Pyrolysis of Nitrostyrenes J .  Org. Chern., Vol. 85, No. 8, 1970 1771



acetylene, and an unidentified material (less than 3.5%  The isolation of carbonyl compounds as major 
of total products) as indicated in eq 4. If the head products in the pyrolysis of 2-6 suggests that one of the

oxygen atoms of the nitro group is acting as a nucleo- 
| 3 phile in an addition to the a-carbon atom of the nitro-
C styrenes, as depicted in generalized eq 5. In agreement

fr\  CHO C R> R* /B fl

* ©  * ©  * r x  ^  o i -  -
H N02 ^  -0  0  0_4 51°/o 3% 3%

CH3C^N  +  CH3N = C = 0  + unknown (4) CT
25% 3% o  A r C - N

\\ + pi 4 ^ RaC= N=  (5)

temperature was increased above that indicated in the /  \  9 c  0
Experimental Section, additional unidentified products Ri R2 ^
were formed, probably by intermolecular reactions.
The pyrolysis of l-(a-naphthyl)-2-nitropropene (5) and with this proposal is the well-known propensity of
l,l-diphenyl-2-nitropropene (6) under similar condi- nitroolefins to undergo addition reactions with a variety
tions gave products analogous to those described above 0f nucleophiles.9 The subsequent decomposition of
for pyrolysis of 4. the cyclic structure 7 formed in this way would give

The formation of methylphenylacetylene (3%) among carbcnyl compounds and nitrile oxides. Since nitrile
the pyrolysis products from /3-methyl-/?-nitrostyrene oxides are known to rearrange thermally to isocya-
(4) can be explained as the elimination of nitrous acid. nates, 10 the origin of these products is easily explained.
The formation of methyl-a-naphthylacetylene in the The nitriles observed as products in the pyrolysis
pyrolysis of 5 must occur in a similar manner. Ap- reactions are probably formed by the thermal loss of
parently, (J-nitrostyrene (2) does not decompose in this oxygen from the nitrile oxides. Although this is not a
manner, since no phenylacetylene was detected among known thermal reaction of nitrile oxides, chemical
the pyrolysis products. Cleavage of the nitro group to removal of oxygen is known to occur easily. 11 The
give a vinyl radical with the subsequent loss of hydrogen polymer formed in the pyrolysis of /3-nitrostyrene (2)
is reminiscent of the pyrolytic behavior of nitroali- and l,l-diphenyl-2-nitroethylene (3 ) can be plausibly
phatics1 and nitroaromatics,2 but it constitutes only a accounted for, since HNCO is known to polymerize
minor decomposition pathway for nitrostyrenes.  ̂ spontaneously. 12 Also in accord with this mechanism

The formation of benzene (3%) in the pyrolysis of js the fact that compound 9 gives only benzaldehyde-di
/?-methyl-/3-nitrostyrene (4) can be explained in terms with all the label at the carbonyl carbon, 
of a very similar mechanism. Instead of eliminating a The effect of substituting a phenyl ring on the /3-car- 
nitro group and a hydrogen atom to give methyl- bon atom was investigated by pyrolyzing nitrotri-
phenylacetylene, elimination of the nitro group can be phenylethylene (8). Identified were the expected
followed by loss of a phenyl radical with the concurrent products benzene, benzophenone, benzonitrile, and
or subsequent abstraction of a hydrogen atom from phenyl isocyanate, undoubtedly formed by reactions
another organic molecule. As is usual in such reactions, whose mechanisms have been discussed above, as well
some tarry material is formed. No propyne is observed the additional compounds 2,3-dibenzofuran and a C20H14
among the pyrolysis products of 4. A similar reaction hydrocarbon of unproved structure (eq 6). The
sequence can be envisioned for the formation of benzene 
and naphthalene in other pyrolysis reactions. The Ph Ph 
absence of benzene formation in the pyrolysis of /3-nitro- \'—(/  600°
styrene (2 ) and the formation of benzene in the pyroly- /  \  a
sis of l,l-diphenyl-2-nitropropene (6) demonstrate that 
benzene is not being formed by decarboxylation of 8

benzaldehyde. Furthermore, benzaldehyde is not con- benzophenone
verted into benzene under the pyrolysis conditions. benzene

The specifically deuterated compound 9 was pyro- benzonitrile +  j f  +  C,,,Hh (6)
lyzed and the benzene which was formed contained no phenylisoeyanate
deuterium atom. This is further evidence against the

D N0 initial step in the formation of the C2oH1?! hydrocarbon
\  __1 is probably loss of the nitro group to form a vinyl

\  radical. The vinyl radical can then rearrange with
0  CH;! expulsion of a hydrogen atom to give the product,

which is possibly 9-phenylphenanthrene.
9

benzaldehyde decarboxylation route to benzene and is ^  Compounds'” Daniel Davey and
strong evidence for hydrogen abstraction occurring (io) c.Grundman and s.K.Datta, a o .̂c/jem., 34, 2016(1969). 
from the /3-methyl group of either 9 or the propyne 1111 2’ Grundman’ Fortsch- Chem- borsch., 7,62 (i960).

1 • i v  i« j.- r ^  (12) E . E . Turner and M. M. Harris, “Organic Chemistry,” Longmans,
obtained by elimination from 9. Green and Co., New York, n . y., 1952, P 117.
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The formation of 2,3-diphenylbenzofuran from 8 The samples were sublimed into the pyrolysis tube from an alu- 
results from a new type of decomposition. The first minum oven fitted with a buried thermometer and heated with a
step must be a thermally induced nitre-nitrite re- ®as-C,oi heating tape. Pyrolysis products were trapped in a
arrangement. A similar rearrangement has been /3-Nitrostyrene (2).—The procedure of Worral13 was used to 
proposed to explain some of the products from the prepare/3-nitrostyrene (3 ),mp 55-56° (lit.13 mp 57-58°). 
thermal decomposition of nitrobenzene.2b The forma- /3-Methyl-/3-nitrostyrene (4).—An adaptation of Heinzelman’s14 
tion of a radical by breaking the nitrogen-exygen bond procedure was used to prepare 4 by ra-butylamine-catalyzed con- 
of the nitrite it followed by attack on a phenyl ring *
with expulsion of a hydrogen atom to give 2,3-diphenyl- l - («-Naphthyl )-2-nitropropene (5).—The desired compound 
benzofuran, as indicated in eq 7. was prepared by a modification of the method of McCarthy and

Kahl.16 A solution of 31.2 g of 1-naphthaldehyde (Aldrich), 
/F V \  /5 ~ ^ \  15.0 g of nitroethane, 1 ml of butylamine, and 20 ml of absolute
\V_y/ \ b J /  \ v J /  ethyl alcohol was kept in the dark at room temperature for 2
'— ( /  ' fio0o V— / — ' weeks. The red bottom layer was separated and concentrated

C=C —— C=C.  —i>- to a red oil at reduced pressure. Dissolution of the oil in ethyl
__ /  A ,__ /  \  alcohol and cooling gave dark brown crystals. Charcoal de-

/ A \  /+ V  / / y \  colorization and several recrystallizations from ethanol gave 28.7
-0  0  VhAZ if g of fight yellow needles: mp 65-67°; ir (CCh) 6.02 (C=C),

i! 6-6 (NO,), and 7.55 fi (NO,); nmr (CCh) 8 2 .3  (d, 3, CH3),
0  7.3-7.0 (m, 7), and 8.5 (s, 1, p e r i  H).

/ — , ,— v r ^ \  A n a l .  Calcd for Ci3HnN02: C, 72.90; H, 5.21; N, 6.58.
\ 0 >  ( O )  ( O )  Found: C, 72.88; H, 5.30; N, 6.64.

. \ — ' l,l-Diphenyl-2-nitroethylene (3).—This compound was pre-
\ __ (  \ \ ----- if pared from 1,1-diphenylethylene according to the procedure of

y  L ^ Govindachari, Pai, and Rao.17 Light yellow needles were ob-
/p -T S . O N  ^ tained after recrystallization, mp 86.5° (lit.17 mp 87°).
U ))  ' II ( Q )  l,l-Diphenyl-2-nitropropene (6).—The desired compound was
'— ' \—  ,— , prepared from 1,1-diphenylpropene using the procedure for 3.17

( C y s  The oil resulting from decomposition of 5.1 g of nitrosite was
A—7 vacuum distilled at 139-142° (1 mm) to give 1.85 g of thick

f'/'yi----- ip yellow oil which was dissolved in ethanol and cooled in an acetone-
(7) Dry Ice bath to yield light yellow crystals: mp 49-50°; ir 

°  /TV) (CCl,) 6-01 (C=C). 6.60 (NO,), and 7.4 ¡i (N02); nmr (CCh) 8
I X J J  2.3 (s, CH3) and 7.0-7.4 (m, C6H5).

A n a l . Calcd for Ci5H13N02: C, 75.32; H, 5.44; N, 5.86. 
These pyrolysis results from nitrostyrenes are quite C. 75.39; H, 5.47; N, 5.(9.

different from those observed for nitr„alkaneS. and 2 7 ^ 1 “

mtroaromatics, where only radical reactions are of dachari, Pai, and Rao.17 The product obtained by decomposi-
importance. With nitrostyrenes, intramolecular reac- tion of the nitrosite was recrystallized from ethanol to give light
tions involving the double bond are of primary im- yellow needles, mp 176-177° (lit.17 mp 178°).
portance while radical reactions are of only secondary , “'^ euteri°o5-methyl-;3-nitrostyrene (9).—The method of Wi
fi , T i f r .  ■ , berg18 was used to prepare 1.25 g of a-deuteriobenzaldehyde,
importance. Likewise, upon electron impact, nitro- which was condensed with 1.5 g of nitroethane using the pro
styrenes4 also exhibit important fragmentations in- cedure of Heinzelman14 to yield 0.97 g of 9: mp 63.5-64°; ir
volving the double bond. (CCh) 6.02 (C=C), 6.57 (N02), and 7.55 n  (N02). Low-voltage

There appear to be a number of correlations between mass. sPectrometry indicated the following deuterium incor-
the mass spectral fragmentations of nitrostyrenes and P<2^ D lp h Jn y lio S rS --T h is compound was prepared ac-
their thermal decomposition, for example, the observa- cording to the procedure of Waeek and Daubner.19 The product
tion of carbonyl and acetylenic ions. However, these was purified by elution from a silica gel (Baker) chromatography
ions are generally of low abundance in the absence of column using petroleum ether. Evaporation of petroleum ether
thermal effects. The nitro-nitrite rearrangement ob- J  rS ™ ^ 4Po?8Sure ^  Hght wMte CryStalS’ mP 123_124° (li*1"
served in the pyrolysis of nitrotriphenylethylene (8) is “ pyrolysis ¿ j  g-Nitrostyrene (2).-Pyrolysis of g-nitrostyrene
also observed in the mass spectrum of 8. (7) at 400° (0.001 mm)20 with a head temperature of 50-52° re-

The synthetic utility of the pyrolysis reaction is of suited in the recovery of only starting material, as shown by nmr.
limited value because of the variety of products ob- The pyrolysate of 2 at 600° (0.005 mm) with a head temperature
tained. However, it could be useful to obtain small 0 fr° t v  ® c°ld+.traP with several ml'!ilders. ’ of carbon tetrachloride. This solution became warm and then
quantities of unusual nitriles and isocyanates. We are hot as white, amorphous precipitate formed. The precipitate
presently exploring the scope and limitations of these isolated by filtration exhibited spectral characteristics of a poly-
interesting pyrolysis reactions. mer and turned dark red upon prolonged exposure to air. Nmr

analysis of the filtrate revealed the presence of benzaldehyde: 
nmr (CCh) 8 7 .2 - 7 .S  (m, 5, C6H6) and 9.92 (s, 1, HCO). 

Experimental Section ----------------
(13) D. E . Worral, “Organic Syntheses,” Coll. Vol. I, John Wiley & Sons, 

Description of Pyrolysis Apparatus.— All pyrolysis experiments j nc.f ngw York, N .Y. 1932, p 413.
were performed using a pyrolysis tube (12 X  1 in.) made from (14) r. v. Heinzelman, ref 13, Coll. Vol. IV , 1963, p 573.
Vycor glass and filled with Vycor chips. The pyrolysis tube was (IS) H. Hass, A. G. Susie, and R . L. Heider, J .  Org. Chem., 15, 8 (1950).
heated with a Sola Basic Industries Lindberg Hevi-Duty Model (16) W. C. McCarthy and R. J .  Kahl, ibid., 21, i l l s  (1956).
55035-A tube furnace, and the pyrolysis temperatures reported (17I T - R- Govindachari, B. R. Pai, and U. R. Rao, Proc. In d ian  Acad.
are those recorded by a Platinel II thermocouple. The tern- Scid> SecL A} 48’, *11 te m 
perature read is that between the pyrolysis tube and the heating f  Walked H. t Z L e r ° M o n 2 h .  C h L !  Sl.Me'(1951).
element; thus the actual temperature mside the pyrolysis tube is (20) Theae pre3SUre measurements were taken on the pump side of the
probably Slightly lower. The vacuum for the pyrolysis apparatus pyrolysis column. Although the pressures a t the point of pyrolysis were
was created by a Consolidated \ acuum Corp. Type VMF oil undoubtedly somewhat higher, the sublimination rate was held very low in
diffusion pump backed by a Welch Duo-Seal vacuum pump. order to minimize the pressure increase.
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Pyrolysis of l,l-Diphenyl-2-nitroethylene (3).—The pyrolysis also suggested the presence of methyl-a-naphthylacetylene, which 
of 1,l-diphenyl-2-nitroethylene (3) was effected at 600° (0.001 was confirmed by an ir absorption at 4.5 y  (CfesC) in the absence
mm) with a head temperature of 75-78°. The pyrolysate was of acetonitrile and methyl isocyanate. A minor component of
washed from the cold trap with carbon tetrachloride and gave the the pyrolysate was not identified. The following nmr data were
same white precipitate observed for 2 . Nmr analysis of the obtained for the pyrolysate: nmr (C C 1 4) 5 1.9 (s, CFI3CN), 2.15
filtrate revealed the presence of benzophenone: nmr (C C 1 4) (s, C 10H 7 C C C H 3 ) ,  2.2 (s, unknown), 7.2-8.2 (m, C io H jC H O  and
& 7.2-7.8 (m, C 6H 5) .  The pyrolysate obtained from the pyroly- Ci0H8), and 10.33 (s, CioH7CHO).
sis of 3 at 700° (0.002 mm) with a head temperature of 78-80° Pyrolysis of l,l-Diphenyl-2-nitropropene (6).—Pyrolysis of 
was identical with that obtained at 600°. l,l-diphenyl-2-nitropropene (6) was carried out at 700° (0.001

Pyrolysis of /3-Methyl-/3-nitrostyrene (4).—The pyrolysis of mm) with a head temperature of 50-51°. Nmr and vpc analyses
0-methyl-|3-nitrostyrene was effected at 600° (0.001 mm) with a of the pyrolysate indicated the presence of acetonitrile, benzene,
head temperature of 50-55°. Analysis of the pyrolysate by vpc benzophenone, methyl isocyanate, and an unidentified product:
indicated the presence of at least six components and the follow- nmr (CCh) S 1.9 (s, CH3CN), 2.1 (s, unknown), 3.0 (s, CH3-
ing peaks were observed in the mass spectrum (70 eV): m / e  106, NCO), 7.28 (s, C6H6), and 7.2-7.9 [m, (CellshCO].
105, 78, 77, 76, 57, 52, 51,50, 41,40, and 39. The pyrolysate Pyrolysis of Nitrotriphenylethylene (8).—Pyrolysis of nitro- 
was shown to consist of acetonitrile, benzaldehyde, benzene, triphenylethylene was accomplished at 600° (0.001 mm) with a
methyl isocyanate, and methylphenylacetylene by comparison head temperature of 101-105°. Vpc analysis of the pyrolysate
of vpc retention times and spectral data with those of authen- demonstrated the presence of benzene, benzonitrile, benzophe-
tic samples. The following were recorded for the pyrolysate: none, and phenyl isocyanate. The presence of benzonitrile,
ir (CCU) 4.25-4.55 (broad band) and 5.85 y  (CO); nmr(CCl4) phenyl isocyanate, and benzophenone was further confirmed by
5 1.9 (s, CHsCN), 2.02 (s, C6H5CCCH3), 2.1 (s, unknown), 3.0 ir data: ir (CC14) 4.35-4.60 (nitrile-isocyanate) and 6.02 y
(s, CH3NCO), 7.15-7.3 (m, C6H5CCCH3), 7.27 (s, C6H6), 7.4-7.8 (CO). A considerable portion of the pyrolysate solidified before
(m, C6H5CHO), and 9.92 (s, C6H6CHO). A sixth minor prod- reaching the cold trap. Analysis of this material by mass spec-
uct was not identified. The product ratios were determined by trometry revealed the presence of 2,3-diphenylbenzofuran (m /e
nmr. The pyrolysis of 4 at 500° (0.250 mm) with a head tern- 270) and a C20H24 hydrocarbon (m / e  254).
perature of 60-70° was shown to give starting material and the
aforementioned products by nmr analysis. Pyrolysis of 4 at 400° Registry No.— 2, 102-96-5; 3, 5670-69-9; 4, 705-60- 
(0.100 mm) with a head temperature of 65-70 returned starting . Q ™ 0
material only. 2 ! 3 ,2 3 8 5 4 -0 3 - 7 ;  6 ,1 5 7 9 5 -6 9 - 4 ;  8 ,5 6 7 0 -7 0 -2 .

Pyrolysis of l-(ai-Naphthyl)-2-nitropropene (5).—The pyroly
sis of l-(a-naphthyl)-2-nitropropene (5) was accomplished at 600° Acknowledgment.—The authors gratefully acknowl-
(0.001 mm) with a head temperature of 52-53°. Nmr analysis e(jge the financial support supplied by grants from 
of the pyrolysate indicated the presence of acetonitrileh methyl LiU & Co. and the Petroleum Research Fund
isocyanate, and naphthaldehyde. Vpc analysis of the pyrolysate . . .  ,, A . a . ,
(Bt)S, 175°) established the presence of naphthalene. Vpc data administered by the American Chemical bociety.

Photochem ical Oxidations. III. Photochem ical and 
Therm al Behavior of a-H ydroperoxytetrahydrofuran and Its Im plications 

Concerning the M echanism  of Photooxidation of E thersla

V irgil I. Stenberg, C hiou T ong Wang,113 and N orman K ulevsky 

D ep ar tm en t o f  C h em istry , U n iv ers ity  o f  N o rth  D a k o ta ,  G ra n d  F o r k s ,  N orth  D a k o ta  58201

R ece iv ed  J u l y  7, 1 9 6 9

The suspected intermediate peroxide in the photooxidation reaction of tetrahydrofuran (THF) was synthesized, 
and its thermal and photochemical behavior was studied. Liquid-phase thermal decomposition of a dilute 
peroxide solution gives rise to a-hydroxytetrahydrofuran, whereas vpc decomposition produces a-hydroxytetra- 
hydrofuran and butyrolactone. Photochemically, the peroxide yields only a-hydroxytetrahydrofuran and the 
rate of production follows first-order kinetics. Using ir analysis and iodimetry, the rates of formation of the 
products in the photooxidation of THF were determined, and a modified mechanism was proposed for this 
reaction.

In previous papers of this series it was postulated that by vpc. However, since peroxides were also found in
the photooxidation of ethers proceeds through the the reaction mixture, there was the possibility that
a-hydroperoxides of ethers.2'3 In order to obtain thermal decomposition of these peroxides may have
further experimental data on the role of peroxides in occurred during the vpc analysis and given rise to a
these reactions, the thermal and photochemical be- portion of the products found. Therefore, it was
havior of a-hydroperoxytetrahydrofuran (I) has been necessary that the thermal decomposition of a-hydro-
studied. It was hoped that the hydroperoxide of peroxytetrahydrofuran, the postulated peroxide, be
diethyl ether could also be studied, but this was not studied.
possible, since the compound is too unstable to be Compound I was prepared and a solution of it in 
prepared. In our previous work,3 the rate of accumu- T H F was injected into a gas chromatograph with the
lation for the two products formed in the photooxida- injection chamber at 100°. It was found that both II
tion of tetrahydrofuran (TH F), i . e . ,  butyrolactone (II) and III were produced under these conditions. Also
and a-hydroxytetrahydrofuran (III), had been followed no trace of I could be detected in the vpc spectrum.

The molar ratio of products obtained (II to III) was
ical Society, Minneapolis, Minn., April 1969; (b) Taken in part from the 3 .1 , with, the eX&ct ratio depending on the expeil-
Ph.D. thesis of c. t . Wang, University of North Dakota, June 1969. mental conditions and techniques. Therefore, it is
J 2) D' 01son’ C‘ T‘ Wang’ and N' Kulevsky’ J ■ 0rg- obvious that the vpc results for rates of product ac-

(3) n . Kulevsky, c . t . Wang, and v. i. stenberg, Md., 3 4 , 1345 (1969). cumulation during the photooxidation contain an
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Figure 1.—(Rates of product formation during photooxidation Figure 2.—Plots of the concentrations of (a) a-hydroperoxy-
of tetrahydrofuran: (a) a-hydroperoxy tetrahydrofuran; (b) tetrahydrofuran, (b) a-hydroxytetrahydrofuran, and (c) butyro-
a-hydroxy tetrahydrofuran; (c) butyrolactone; (b' and c') lactone vs. time for the photodecomposition of /3-hydroperoxy-
a-hydroxytetrahydrofuran and butyrolactone, respectively, in the tetrahydrofuran.
same process with the addition of 9.14 X 10~2 M  a-hydroperoxy-
tetrahydrofuran prior to the start of the irradiation. 1Tr. ; , , , , .

With the data described above, it still was not possible
to determine if the peroxide in the reaction solution, 

inherent error which is proportional to the amount of presumably the hydroperoxide I, serves as a precursor 
hydroperoxide present. of II  and III or if II and/or III are generated by

There remained the possibility that the thermal an independent pathway. With this question in mind,
decomposition of I in solution could play a significant a study of the photochemical behavior of the peroxide
role in the photooxidation of TH F. As a consequence, I in T H F was done at about the concentration it has in
the thermal decomposition of a T H F solution of I in a the photooxidation reactions. In these experiments,
sealed tube at 100° was studied. As opposed to the the peroxide I degrades rapidly in a nitrogen atmosphere
vpc results, only III is produced. At room tempera- upon irradiation (Figure 2), yielding one major product,
ture or lower the thermal reaction of I is very slow and, the hydroxy ether III, with only a trace of the lactone
for the time period of the irradiation, it is not likely to II (see Figure 2). A further observation is that ca. 2
be the source of III in the photooxidation of TH F, mol of III are formed from every mole of I decom-
since this reaction is also run at low temperatures. posed. The kinetics of the reaction are first order with
Furthermore, the pyrolysis of I in the injection chamber respect to the peroxide concentration, as shown in
or column of the vpc is more complex than the liquid- Figure 3. It is noteworthy that this reaction is the
phase pyrolysis. Apparently, the decomposition in best and neatest method of preparing III.
the chamber may occur wholly in the vapor state or in a From the above data the decomposition of I in TH F
combination of liquid and vapor states, and this prob- solution is most likely to be a bimolecular reaction of I
ably accounts for the variable ratio of products in the with TH F. Since T H F is present in excess as a solvent 
vpc work. whose concentration will not change very much during

To obtain more accurate rates of product-accumula- the course of the reaction, it may be regarded as a
tion data for the photochemical oxidation of TH F, an constant, and the reaction will be pseudo first order,
analytical method which would not decompose the Furthermore, the data implies that chain processes are
hydroperoxide in the reaction mixture was necessary. not involved in the initial stages of the reaction, possibly
Accordingly, infrared spectrometry was utilized to owing to the low concentration of reactants. Also it is
follow concentrations of the products, II and III, clear that the lactone II formed in the photooxidation of
directly on the reaction mixture, while iodimetric T H F is not formed directly from the peroxide. Pre
titrations were used for the peroxide I. The rates of sumably the association of I with T H F via hydrogen
product accumulation obtained in this way are shown bonding results in a bimolecular photodecomposition,
in Figure 1. These demonstrate that even for very There remained the possibility that I in the presence 
short irradiation times all products I—III are formed, of oxygen may photochemically yield II. However, 
III is formed at a faster rate than II, and the hydro- when a dilute TH F solution of I is irradiated under
peroxide I attains what appears to be a steady-state oxygen, the evidence does not support this possibility,
concentration on prolonged irradiation. The data shown in Figure 1 as curve c' indicate that
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Figure 3.—-First-order plot of the photodecomposition of «- AH
hydroperoxytetrahydrofuran. __. __/

j P )  +  -02H —► P )  (7)

the rate of formation of II is only slightly faster than
without the added peroxide, whereas the rate of forma- P 8® P o
tion of III (curve b') is considerably increased. Thus \ I \
the observed results can be accounted for simply by an __P  > 2 |__P  ®
addition of the photooxidation of tetrahydrofuran and
the photochemical conversion of the hydroperoxide. _j_ ,qjj __  ̂ j Y) +  jjq  (9)

With the data presented above and that presented in I__/  2
previous papers,1-3 a more detailed mechanism can now 02- 02H
be presented for the photooxidation of ethers (Scheme __ /  __ /
I). Step 1 is the formation of the charge-transfer 0  +  THF —*■ 0  +  'o (10)
complex and step 2 is the excitation of this complex by •—/  — /  I—/
the light, for which the evidence was given in the pre
vious paper. Step 3, a new feature of the mechanism, photochemical decomposition of the hydroperoxide 
is the dissociation of the excited-state complex, which is shown in this work, 
analogous to that proposed for other complexes.4 For
those cases, esr evidence for radical formation was ~ e ,., r r ,, ,. . . .  . Experimental Sectiontaken as proof of the dissociation. Previously we had
suggested that the excited state of the charge-transfer Materials.—Tetrahydrofuran (Fisher reagent grade) was puri-
complex underwent a proton shift and then gave the fied as described previously.2,3 «-Hydroperoxytetrahydrofuran

___ii s tt •, • was prepared by the method of Grosborne and de Roeh6 and was
hydroperoxide directly.3 However, it is now necessary obtJ ^ 95.3%*pure. The purity was determined by iodimetric
to postulate this dissociation (step 3), since the work titrations.7
presented here demonstrates that the hydroperoxide is Determination of Rates.—The apparatus and procedure were 
not the precursor of the lactone, steps 4-6a are then essentially the same as described previously3 except that, instead
postulated as the route for the generation of lactone of gas chromatography, infrared spectrometry was used in the
_-ir _ . • i i i -i m ~ quantitative determination of products. Ihe same process
without going through the hydroperoxide. Step 6a is was also repeated with the addition of i prior to the start of the
analogous to one suggested to occur in the oxidation of THF photooxidation. The ir spectra of the reaction mixtures
cyclohexane.5 Steps 6b and 6c also lead to the forma- with THF as a reference were monitored over the initial 50 min.
tion of the lactone.4 However, step 6b is not very The path length of the matched ir cells was 0.2 mm. A Beckman
likely under the conditions of these reactions (solution Model ItR' 12 spectrophotometer was used. Quantitative mea-

rpTTTn j  i , n. t i \ v surements were made by comparing the absorbance of irradiated
in r  and low concentration of radicals), as com- products with that of a mixture of known concentrations of 
bination of peroxy radicals would be precluded by the reactant and products. The bands used to follow the concentra-
ability of TH F to trap free radicals. Steps 4, 7, and 10 tion of n  and HI were 1789 and 1735 cm-1, respectively. The
produce hydroperoxide and take into account the peroxide concentration was determined by iodimetric titration.7

(6) P. Grosborne and I. S. de Roch, ibid., 2260 (1967).
(4) K . U. Ingold, Accounts Chem. Res., 2, 1 (1969). (7) C. D. Wagner, R . H. Smith, and E . D. Peters, Anal. Chem.: 19, 976
(5) R . Guedj and J . Jullien, Bull. Soc. Chem. Fr„  1601 (1964). (1947).
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Thermal Decomposition of a-Hydroperoxytetrahydrofuran (I). trophotometric cell. The irradiation procedure used was iden-
A. Pyrolysis in the Gas Chromatograph.—A l-/nl sample of a tical with that described before8 except that, instead of bubbling
4.3 X 10~ 2 M  solution of I in THF was injected into a Beckman oxygen through the solution, a slow stream of nitrogen was main-
GC-5 gas chromatograph equipped with a flame ionization de- tained. The products were identified by ir and vpc and the
tector and a 6 ft X 0.125 in. Carbowax column on Chromosorb W. progress of the reaction was followed as described above. For
The gas chromatogram showed two major peaks for butyrolac- each set of data, five or more experiments were required for the
tone and a-hydroxytetrahydrofuran in a ratio of c a . 1:3. points on the curve for the range of 0 to 65% decomposition of

B. Pyrolysis in a Sealed Tube.—A 5-ml solution of 8.6 X I. The irradiation of I under oxygen was performed and ana-
10-2 M  I in THF was placed in a glass reaction tube which was lyzed in a similar manner,
connected to a vacuum line. The solution was thoroughly out-
gassed by conventional freeze-pump-thaw techniques. After a _  . „  T 0o Q. rpTrrp inn on n
final check for noncondensable gases, the glass reaction tube was KegIStry JNO. I, 4o/o-o/-<5, 1 x lr , iU9-yy-9.
isolated by sealing off from the line and then allowed to reach
room temperature. The sealed tube was then heated in a furnace Acknowledgment.—We gratefully acknowledge the 
at 100° for 30 min. The reaction mixture was analyzed and regearch SUpp0rt of the National Science Foundation 
found to contain III as the only major products. / r ~ . o n • £ • i

Photodecomposition of a-Hydroperoxytetrahydrofuran.—A (Grants GP-5312 and GP-8564) for their financial con-
solution of 9.1 X 10-2 M  I in THF was placed in a 3-ml uv spec- tributions to this project.

Electronic Effects in Solvolysis Reactions. III.
Solvolysis of A llyl-Substituted Cumyl Derivatives1

L e e  B. J ones and J ames P. F oster2 

D e p a r tm e n t o f  C h em istry , U n iv ers ity  o f  A r iz o n a , T u cso n , A r iz o n a  85721  

R ece iv ed  S e p te m b e r  11 , 196 9

Synthetic procedures are described for p-y,y-dimethylallyl-, p-a,a-dimethylallyl-, p-3-butenyl-, m-allyl, p -  
allyl-, and p-7,7-dideuterioallylcumyl p-nitrobenzoates. The possibility of allylic participation during the 
solvolysis of these compounds in aqueous mixtures was investigated. Substituent constants (o-+), skeletal re
arrangement studies, and kinetic isotope effect measurements were employed to determine the nature and extent 
of such participation. These data, coupled with the uniformity of activation parameters and the absence of 
skeletal isomerizations, suggest that inductive effects by the allylic double bond are the major influence in the 
solvolytic behavior of these esters.

Much interest and experimental work has centered Water-acetone mixtures were selected as solvolytic 
around the stabilizing influence of cyclopropyl and media, and rate constants for solvolysis were determined
allyl substituents in solvolytic reactions. Both func- at several temperatures for each of several solvent
tional groups provide stabilization for developing compositions. Detailed product studies indicated that
carbonium ions and, hence, rate enhancements are p-nitrobenzoic acid and substituted cumyl alcohols
frequently observed.3 As a quantitative measure of the were the only products produced during solvolysis,
electronic effects of the cyclopropyl substituent in Under these reaction conditions, isomerization of the
carbonium ion reactions, the substituent constant <r+ double bond in the allyl substituents into conjugation
was determined from solvolytic studies of substituted with aromatic ring could not be detected. Similarly,
cumyl derivatives.4-6 These data indicated that the deuterium labeling in the allyl group indicated that
p-cyclopropyl group (relative to other alkyl groups) carbon skeletal rearrangement did not occur during
exhibited an abnormally large (negative) <r+ value and solvolysis.
that the ability of the substituent to supply electron Table I summarizes the solvolytic rate data for the 
density was conformationally dependent.5 I t  was substituted cumyl p-nitrobenzoates at various tem-
considered, therefore, of general interest to prepare a peratures and solvent compositions. In all cases the
number of allyl-substituted cumyl derivatives in order kinetic runs were followed to at least 70%  completion,
to assess, in more quantitative terms, the stabilizing Agreement between most runs was ±  1%.
influence of m- and p-allyl substituents on developing The standard substituents methyl, ¿-butyl, hydrogen, 
carbonium ions. and chlorine were used to obtain Hammett p values

under each set of conditions. Good linear correlations 
esu s were observed in each case (r =  0.994). At 46.4° in

Substituted cumyl p-nitrobenzoates were chosen for 60%  aqueous acetone, the reaction constant (using
this investigation and were synthesized, for the most Brown <r+ values) was found to be —4.55, and in 50%
part, by conventional procedures. Ail esters gave aqueous acetone at the same temperature the p value
satisfactory elemental analyses. was found to be —4.38. A reaction constant of —4.70

was observed in 50%  aqueous acetone at 38.0°. These 
(1968) p values were then employed to determine values ot

(2) Phillips Petroleum Co. Fellow, 1966-1968. each allyl and butenyl substituent. These data are
(3) see, for example, j . d  ̂Roberts,_r . h . Mazur, w. n  white, d. a . tabulated in Table II. Values for several other sub-

Semenow, C. C. Lee, and M. S. Silver, j. Amer. Chem. Soc., 81, 4390 (1959); . . . . , c c
j . d. Roberts and k. l. Servis, ibid., 83, 3773 (1964). stituents are included for reference.

(4) L. B. Jones and V. K. Jones, Tetrahedron Lett., 1433 (1966). Table III lists activation parameters for Solvolysis
(1966)H" C' BrOWn and J' D' Cleveland' Amer■ Chem■ Soc■’ 88, 2051 Of the allyl-substituted esters. Within experimental

(6) r. c. Hahn, t. f . Corbin, and h. shechter, ibid., 9o, 3404 (1968). error, all of the esters have the same energy of activa-
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T a b l e  I T a b l e  III
S o l v o l y s is  R a t e s  o f  S u b s t it u t e d  C u m y l  A c t iv a t io n  P a r a m e t e r s  f o r  t h e  S o l v o l y s is

p-NlTROBENZOATES AT VARIOUS TEMPERATURES OF METHYL, AlLYL, AND SUBSTITUTED ALLYL
a n d  S o l v e n t  C o m p o s it io n s  C u m y l  p -N it r o b e n z o a t e s  in  50%  A q u e o u s

Solvent Temp, k X 10», ACETONE AT 30.0°
Substituent compn, w/w °C sec-1 2?act. AĤ ,

p-Methyl 60% aq acetone 46.4  1.84 ± 0 .0 5  Substituent keal/mol kcal/mol AS*, eu
p-Hydrogen 0.746 ±  0.007 p-Methyl 20.2 19.6 - 1 8 .2
p-Allyl 7.49 ± 0 .0 6  p-Allyl 21.2 20.6 - 2 0 .1
p-i-Butyl 11.8 ± 0 . 2  p-y,7-Dimethylallyl 20.6 20 .0  - 1 9 .3
p-Chloro 0.220 ±  0.004 p-3-Butenyl 20.6 20.0  - 1 9 .2
p-y,y-Dimethylallyl 11.8 ± 0 . 1  m-Allyl 23.1 22.6 - 2 4 .4
to-Allyl 0.858 ±  0.005

pM ethyl'71 50% aq acetone 6E4 ±  0.2 developing positive charge. It has been demonstrated
p-Hydrogen 2.63 ±  0.03 that the p-cyclopropyl group is a more effective elec-
p-Allyl 24 .7  ± 0 . 1  tron-donating substituent (o-+ —0.4104) than other
p-i-Butyl 36.1 ±  0 .3  alkyl groups, as long as it can assume the required
p-y,7-Dimethylallyl 39.0 ±  0 .5  conformation6 as in structure 1. It was, therefore,
m-Allyl 2 .65 ±  0.02 anticipated that p-allyl substituents would also exhibit
p-3-Butenyl 38.7 ±  0 .3  enhanced v + constants, since the groups could interact
p-Methyl 38.0 24.6 ±  0 .4  with the developing positive charge on the para  carbon

 ̂AIM™5611 9 729dfo°i()18 the aromatic ring via homoallylic participation 2 .3
p-i-Butyl 15.0 ±  0.1
p-7,7-Dimethylallyl 15.4 ±  0.2 H, /==\ .C'H3 + / = \  ,CH3 +
m-AHyl 1.20 ± 0 . 0 1  >==(+ )= \  - f~2x  >=<
p-3-Butenyl 15.6 ±  0 .2  ’  \ = /  CH3 CH-
p-Allyl 30 .0  3.87 ± 0.01 L J
p-7,7-Dimethylallyl 6 .15 ±  0.06 I 2
p-3-Butenyl 5.92 ±  0.06
P-Allyl 60% aq acetone 46.4  8 .00 ±  0.08“ The effect of replacing a terminal methyl group in
p-7,7-Dideuterioallyl 7.97 ±  0.09“ each alkyl substituent listed in Table II by a vinyl
p-a,a-Dimethylallyl 6.71 ±  0.08“ group is to render the unsaturated substituent less

“ Determined by V. K . Jones. electron supplying. Such observations reflect the
electron-withdrawing inductive effect of the ir cloud of 

T a b l e  II the alkenyl substituents. When the double bond is
S u b s t it u e n t  C o n s t a n t s  f o r  A l l y l ic  a n d  moved further from the benzene ring (e.g., 3-butenyl),

S e v e r a l  R e f e r e n c e  S u b s t it u e n t s  the inductive effect is felt less strongly and the <r+ value
Substituent “+ becomes more negative { is . ,  the 3-butenyl substituent

H 0.00° more effectively stabilizes a positive charge in this
p-Ethyl —0.2916 system than does the allyl group).
m-Ethyl ~ o 221“ ^  mus  ̂ P°irlte<l out, however, that the dominant
P~A1M  — 0 023c influence of inductive effects in allyl substituents does
m V,- n ocoe not necessarily  rule out hom oallylic p artic ip atio np-7,7-Dimethylallyl -0 .2 6 2 “ . , J  . . „  f  ,• „ .,
p-3-Butenyl _0 262c (rcson.8,ncG in teractio n ). Jbor exam ple, studies of tlie
p-í-Butyl — 0.2566 hydration of divinylbenzenes8 demonstrated that a
p-a,«-Dimethylallyl —0.212“ vinyl substituent in a meta position was electron with-
p-Cyclopropyl -0 .410^  drawing (trm+ + 0.146) whereas a p-vinyl substituent

“ By definition. hY. Okamoto and H. C. Brown, J. Amer. was electron donating (ctv+ —0.152). This large 
Chem. Soc., 79, 1913 (1957). “ Determined in this study. d Ref- difference (o>+ — vm+) must reflect a significant reso-
erence 4. nance-donating effect of the double bond even though

the combined resonance and inductive effect of the 
tion. Data for the p-methyl compound is included for p-vinyl group renders it less electron donating than the
comparative purposes. These data are indicative of a corresponding saturated group (op+ethyi —0.291). To
common mechanism for reaction of each compound determine whether a similar situation existed for allyl
involving ionization in the slow step. substituents, two types of studies were carried out.

These consisted of kinetic isotope effect measurements 
Discussion and detailed product analyses.

Homoallylic participation of the allyl group could, in 
The v+ relationship defined by Brown and Okamoto7 principle, lead to carbon skeletal rearrangement. To

provides a probe for measuring electronic changes m a investigate this possibility p-7 ,7 -dideuterioallylcumyl
carbomum ion reaction as a function of substituents p .nitrobenz0ate was prepared and subjected to solvo-
suitably located to allow for co n ju g a te  interaction. lytic conditions. Detailed product and nmr studies
The magnitude of the <7+ constant for any given sub- indicated the complete absence of any rearrangement,
stituent is proportional to its ability to interact with a Similarly; the kinetic isot0pe effect for 7 ,7-dideuteration

(7) Y . Okamoto and H. C. Brown, J .  Org. Chem., 22, 485 (1957); J .
Amer. Chem. Soc., 80, 4979 (1958). (8) Unpublished observations of L. B . Jones and S. S. Eng.
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of the p-allyl group was determined to be k H / k D =  l-(p-Chlorophenyl)-3-methyl-2-butene—'The Grignard re-
1.00. These data are inconsistent with any significant agent from 103.0 g (0.54 mol) of p-bromochlorobenzene and 13.1
incipient bond formation between the x  cloud of the g of m^ nesium ,turnings was Prepared in 200 ml of dry ether by
substituent and the nrnrrmtie rirnr conventional techniques. The solution was cooled to 0° and 57.0

S' g (0.54) of y,y-dimethylallyl chloride in 100 ml of ether was
added over 15 min. A two-phase system gradually developed, 

CH3s +/CH3 CHaN  .CH3“1 and, after 1 hr of stirring, the inorganic salts were granulated by
| | dropwise addition of saturated aqueous ammonium chloride.

__ The slurry was filtered, and the solids were washed with two
[ J] I J  —  100-ml portions of ether. The washings and filtrate were com-
y  j  jvnD bined, dried, concentrated, and distilled, yielding 40.8 g (42%)

I \ \  >>jL of 1 -(p-chlorophenvl)-3-met,hyI-2-butene: bp 84-88° (1.5 mm);
"D w27d 1.5303; nmr (CC14) 5 1.54 (d, 6 II, J  = 4 Hz further split,

J  . 7 = 1  IIz, -CH3), 3.08 (d, 2 H, /  = 8 Hz, -CH2-), 4.95-5.37
(t, 1 H, /  = 8 Hz, further split into multiplet, J  =  1 Hz, =CH-), 

~C1D / CH3'1+ CH3̂ >C H 3 6.93 (M, 4 H, aromatic H).
This reaction, as well as the other coupling reactions to be 

JL i ,  described, has an induction period of 1-5 min. Care must be
jj ] | || taken, therefore, during initial addition of halide to keep the

reaction under control and prevent loss of material due to vigorous
D^T d boiling.

'kJ / ' D  p-Bromoallylbenzene.—The Grignard reagent from 354 g (1.5
J  m°l) of p-dibromobenzene and 40 g of magnesium turnings in

900 ml of ether was prepared by conventional techniques. A 
The most consistent interpretation of bhese studies solution of 200 g (1.65 mol) of allyl bromide in 100 ml of ether was

is that allyl substituents, in contrast to p-cyclopronyl ,t h e n  added; Work-up as above with ammonium chloride fol-
interact predominantly by an inductive in te L tio n  “ £
mechanism. [lit.13 bp 95-96° (12 mm); n wD 1.520]; nmr (CC14) 6 3.01 (d 2

H, /  = 6 Hz, -CH2-), 4.63-5.10 (m, 2 H, =CH2), 5.35-6.20
Experimental Section9 {pi,1 q a w +l6'50-7/ 5/ 1” ’̂  H+’ H)\ Vpo analysis(CxJij bL-30) of the product indicated a 4% contamination of 

Materials.—Mallinckrodt AE) acetone was refluxed with p-dibromobenzene. 
potassium permanganate until the color persisted and was then 3-(p-Chlorophenyl)-l-butene.—The Grignard reagent from 125
distilled. Magnesium turnings and dry ether were both Mallinc- s (°-.778 mol) P-chlorobenzyl chloride and 19 g of magnesium
krodt AR. The p-dibromobenzene, p-bromoanisole, p-bromo- turnings in 500 ml of ether was coupled as described above with
toluene, and bromobenzene were Matheson AR. ¡o-Bromo- a ®0 ,̂utl0.n °f ,97 g (0.8 mol) of allyl bromide in 100 ml of ether,
chlorobenzene, f-butylbenzene, and p-chlorobenzyl chloride Distillation yielded 77.6 g (60%) of 3-(p-chlorophenyI)-l-butene:
were obtained from Aldrich Chemical Co. All were used as bp 59~61° (1'4 mm); n!”D 1'5234; nmr (CC14) 8 1.82-2.63 (m,
received. Eastman practical grade allyl bromide was stirred over 4 ~DH2CH2-), 4.53 (m, 1 H), 4.75 (m, 1 H), 5.11-5.80 (m, 1
calcium chloride and distilled before use. Magnesium sulfate 4 4 6-47-6.91 (m, 4 H, aromatic H).
was used as the drying agent unless otherwise noted. m-Chloroallylbenzene.—The Grignard reagent from 100 g

p-i-Butylbromobenzene.—i-Butylbenzene (100 g, 0.745 mol) (0.68 mol) of m-dichlorobenzene and 16.5 g of magnesium turnings
and 6.1 g of iron filings were placed in a 500-ml round-bottom *n 449 °4 letrahydrofuran14 (THF) was coupled as described
flask equipped with a magnetic stirrer, thermometer, addition above with a solution of 84.8 g (0.70 mol) of allyl bromide in
funnel, and condenser fitted with a hydrogen bromide trap. °4 THF. Since magnesium halides are somewhat soluble
Bromine (131 g, 0.820 mol) was then added dropwise over a in THF.’ .50° ml of Pentane was added to precipitate them prior
2-hr interval during which time the temperature was main- 4o. addltion of the saturated ammonium chloride solution,
tained at 30°. The solution was then stirred overnight at room Distillation of the concentrate yielded 26 g (25%) of m-allyl-
temperature. An equal volume of ether was added, and the chlorobenzene, bp 60-65 (3 mm); n27D 1.5321; nmr (CC14) 5
mixture was extracted with successive portions of sodium bi- 2'®® (d, 2 H, J  =  7 Hz, -CH2-), 4.27 (m, 1 H), 4.50 (m, 1 H),
sulfite, sodium bicarbonate, and water. The solution was dried 4.82-5.42 (m, 1 H), 6.09-6.58 (m, 4 H, aromatic H).
(potassium carbonate), concentrated, and distilled to give 87 g 3-(p-Chlorophenyl)-3,3-dimethyl-l-butene.15—p-Chlorophenyl-
(55%) of p-i-butylbromobenzene: bp 130-133° (20 mm)' ra27D acetone was prepared from 100 g (0.662 mol) of a-(p-Chloro-
1.5300 [lit.10 bp 101-103.5° (11 mm); n27D 1.5304], ’ phenyl)acetonitrile as described by Overberger and Biletch16 to

7,y-Dimethylallyl Chloride.—The procedure of Ultde was give 52 g (0'31 mol> 47%) of material: bp 98.5-102.5° (0.5 mm) 
used.11 A solution of 477 g (7.0 mol) of isoprene (Eastman £ 99-101 (3 mm)]; nmr 8 1.9 (s, 3 H, -CH3), 3.40 (s,
White Label) and 100 ml of dry ether was cooled to —70°. " 5;’ “CEhr")’ and 7.0 (4 H, aromatic H).
Dry hydrogen chloride was then bubbled into the solution until . . a ŝ irreî  suspension of 12 g of sodium hydride (15% disper-
170 g had been added. The reaction mixture was allowed to stand S10IJ ln,mjneral od) ln 120 ml of anhydrous 1,2-dimethoxyethane 
overnight at Dry Ice temperature. The solution was then neu- cooled in ice was added dropwise with stirring over 4 hr a solution
tralized with anhydrous potassium carbonate, dried (calcium of 29.0 g (0.713 mol) of p-chlorophenylacetone and 56 g (0.39 mol)
chloride), and distilled through a 4-ft Widmer column, yielding of metll>'1 lf>dlde in 20 ml of anhydrous 1,2-dimethoxymethane.
220 g (30%) of 7,7-dimethylallyl chloride, bp 45-60° (150 mm) The mixture was stirred at room temperature overnight, then
[lit.12 bp 67.2° (167 mm)]. poured onto ice, and extracted with ether. The ether layer was
__________  dried, concentrated, and distilled to give 28 g (0.143 mol, 82%)

(9) Melting points were determined with a Mel-Temp capillary apparatus l-(p-chlorophenyl)-,l,l-dimethyl-2-propanone: bp 102-104°
and are uncorrected. Nmr spectra were determined in CCI4 solution with ^ Uim), nmr 5 1.20 (s, 6 H ,  ĈTTl-dimethyl), 1.70 (s, 3 H ,  C H 3),
Varian A-60 and HA-100 spectrometers using external and internal tetra- and 6.92 (4 H, aromatic H).
methylsilane, respectively, as standards. Infrared spectra were determined Reduction of 28 g (0.143 mol) of l-(p-chlorophenyl)-l,l-
with a Perkin-Elmer Model 337 using neat samples between sodium chloride dimethyl-2-propanone with excess lithium aluminum hydride
plates. Ultraviolet spectra were obtained on a Cary Model 14 spectrometer. yielded 25 g of the crude alcohol, which was acetylated without
Gas chromatography was performed on a Wilkins Model A-90, P-3 ehromato- further purification with 25 g of acetyl chloride in pyridine to give 
graph. The columns used were a 5-ft 5%  FFA P  on 60-80 Chromosorb P, 1 J  &
and an 8-ft 18% GE SE-30 on base-washed Chromosorb P. Microanalyses
were performed by Huffman Laboratories, Inc., Wheatridge, Colo. (13) K . C. Frisch, J .  Polym. Sci., 41, 359 (1959).

(10) J .  R . B . Boocock and W. J .  Hickinbottom, J . Chem. Soc., 2587 (14) H. E . Ramsden, A. E . Balint, W. R . Whitford, J .  J .  Walburn, and
(1961). R . J .  Cserr, J .  Org. Chem., 22, 1202 (1957).

(11) A. J .  Ultiie, ibid., 530 (1948). (15) Synthesized by Vera K. Jones.
(12) W. G. Young, S. Winstein, and H. L. Goering, J  Amer. Chem. Soc., (16) C. G. Overberger and H. Biletch, J .  Amer. Chem. Soc., 73, 4880

73, 1968 (1951). (1951).
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T a b l e  IV
P h y s ic a l  C o n s t a n t s  a n d  S t a r t in g  H a l id e s  o f  poto- S u b s t it u t e d  2 -P h e n y l - 2 - p r o p a n o l s

Substituted Registry
2-phenyl-2-propanols no. Parent compd Mp, °C Bp, °C (mm) n%>

p-Hydrogen 617-94-7 Bromobenzene 60-65 (4.0) 1.5102
p-Methyl 1197-01-9 p-Bromotoluene 76-78 (2.0) 1.5128
p-i-Butyl 23853-82-9 p-Bromo-i-butylbenzene 76-78
p-Methoxy 7428-99-1 p-Bromoanisole 85-90 (0.5) 1.5263
p-Allyl 22975-61-7 p-Bromoallylbenzene 70-75 (0.2) 1.5217
p-Chloro 1989-25-9 p-Bromochlorobenzene 42-43 98-103 (4.0) 1.5339
p-y,y-Dimethylallyl 23853-86-3 p-Y,7-Dimethylallylchloro- 85-95 (0.5) 1.5247

benzene
ro-AIlyl 23853-87-4 m-Allylehlorobenzene 74-77 (3.0) 1.5186
p-3-Butenyl 23853-88-5 p-3-Butenylbromobenzene 104-107 (0.45) 1.5184

T a b l e  V
M e l t in g  P o in t s , A b s o r p t io n  M a x im a , and  C h e m ic a l  A n a l y s e s  o f  C u m y l  p -N it r o b e n z o a t e s

para  Registry % C  % C  % H  % H
substituent no. Mp, °C Xmas (log e) Calcd Found Calcd Found

Hydrogen 7429-06-3 132.5-133.5 259 (3.102)
p-Methyl 23852-75-7 105-107 259 (3.105)
p-Methoxyl 23852-76-8 88-91
p-f-Butyl 23852-77-9 114-116 260 (3.114)
p-Chloro 23852-78-0 133-134.5 259 (3.108)
p-Allyl 23852-79-1 45.4-46.1 260 (3.109 ) 70.14 70.04 5.89 5.91
m-Allyl 23852-80-4 66-67 260 (3.110) 70.14 69.94 5.89 5.83
p-3-Butenyl 23852-81-5 69-69.5 260 (3.107) 70.78 70.63 6.24 6.22
p-7,7-Dimethylallyl 23852-82-6 71.0-71.8 258 (3.102) 71.37 71.53 6.56 6.65

25 g (0.1 mol, 80%) of the corresponding acetate: bp 126-128° bonate, and water. Drying and concentrating yielded an oil
(1.2 mm); nmr 5  1.02 (d, 2 H, /  = 8 Hz, - C H 8) ,  13.8 (s, 6 H, which was crystallized by trituration with cold pentane. Re-
gero-dimethyl), 2.02 (s, 3 H, - C O C H 3 ) ,  5.22 (q, 1 H, /  = 8 Hz), crystallization from hexane yielded 18.1 g (57%) of p-chloro-
and 7.48 (s, 4 H, aromatic H); ir 1735 cm-1 (ester C = 0). cumyl p-nitrobenzoate: mp 133-134.5°; Xma* (C 2H 3O H )  259 nm

Pyrolysis of 24 g of the acetate at 450-500° gave 11.5 g (0.64 (log e 3.108); nmr (CCI4) 2.08 (s, 6 H, ¡zero-dimethyl), 7.44 (s,
mol, 64%) of a colorless liquid: bp 60-65° (0.6 mm); nmr S 1.32 4 H, cumyl ring aromatic H), 8.39 (s, 4 H, p-nitrobenzoyl Ii).
(s, 6 H, gem-dimethyl), 4.8-6.3 (m, 3 H, olefinic H), and 7.30 Table V lists melting points and uv absorbances for all esters 
(s, 4 H, aromatic); ir 3065 cm-1 (olefinic CH) and no absorption synthesized and elemental analyses of the olefinic esters employed
at 1700-1750 cm-1. in this study. The nmr spectrum of each ester was similar to

2-Phenyl-2-propanol.—The Grignard reagent from 157.0 g that reported above for p-chlorocumyl p-nitrobenzoate.
(1.0 mol) of bromobenzene and 24.3 g of magnesium in 500 ml of 3-(p-Chlorophenyl)-l,l-dideuterio-l-propene.—Diethyl p-
ether was prepared by conventional techniques. A solution of 58 chlorobenzylmalonate was prepared by the procedure described
g (1.0 mol) of acetone in 100 ml of ether was added with cooling. by Barnes and Gordon18 from 105 g (0.656 mol) of diethyl malo-
After a short period of stirring, the alkoxide salts were destroyed nate, 34 g (0.5 mol) of sodium ethoxide, and 80.5 g (0.5 mol) of
by adding a saturated ammonium chloride solution until a heavy p-chlorobenzyl chloride in a yield of 70 g (0.246 mol, 49%), bp
granular precipitate formed. The solution was filtered, the 145-150° (0.8 mm). Hydrolysis of 67 g (0.236 mol) of diethyl
salts were washed with two 100-ml portions of ether, and the p-chlorobenzylmalonate by the procedure described18 with 180 ml
washings and filtrate were combined, dried, and concentrated. of concentrated hydrochloric acid and 12 ml of acetic acid yielded
Distillation of the residual oil from potassium carbonate in base- 33gof /3-4-chloropropionicacid, mp 118-119° (lit.19mp 120-122°).
washed glassware yielded 67 g (50%) of 2-phenyl-2-propanol, bp Esterification of 54 g (0.292 mol) of the acid by conversion to
60-65° (4 mm). the acid chloride followed by reaction with ethanol yielded 45 g

The same general procedure was employed in the synthesis of (0.21 mol, 72%) of ethyl /3-4-chlorophenylpropionate, bp 110-
the other substituted phenyldimethylcarbinols. THF was used 112° (0.7 mm) [lit.20 bp 99° (0.4 mm)].
as the solvent to prepare the arylmagnesium chlorides. A mixture of 4.3 g (0.099 mol) of lithium aluminum deuteride

Table IV lists the starting aryl compound as well as the physi- in 200 ml of ether was cooled to 0°, and a solution of 42 g (0.198
cal constants of these alcohols. Nmr spectra of all the alcohols mol) of ethyl p-chlorophenylpropionate in 125 ml of ether was
were consistent with structure and, where available, the physical added dropwise with stirring and cooling. After addition, the
constants were in agreement with literature values.17 mixture was stirred for 15 min; then consecutively and dropwise

Conversion of Alcohols to p-Nitrobenzoates.—Although minor were added 4.2 g of water, 4.2 g of a 15% aqueous solution of
variations were used from alcohol to alcohol, the following pro- sodium hydroxide, and 12.6 g of water. The mixture was stirred
cedure for 2-(p-chlorophenyl)-2-propyl p-nitrobenzoate is a for 30 min. The solid was filtered and washed with ether,
typical example. Hereafter the alcohol portion of the esters will The ether layers were combined and dried over potassium car-
be named according to the cumyl system. bonate, and volatile materials were removed by distillation on a

A solution of 17.0 g (0.1 mol) of p-chlorocumyl alcohol in 100 steam bath, followed by heating the residue to 100° at 0.8-mm
ml of dry pyridine was cooled to 0° and 18.6 g (0.1 mol) of p- pressure.
nitrobenzoyl chloride (freshly recrystallized from CCU) was The crude alcohol was dissolved in 140 ml of anhydrous pyri-
added in portions. After stirring for 24 hr at 0°, the solution dine and cooled to 0°; 22.5 g (0.287 mol) of acetyl chloride was
was poured into a cold mixture of 200 ml of 3 A" hydrochloric acid added dropwise with stirring. After a short period the mixture
and 200 ml of pentane. The solution was filtered, the organic was extracted with 150 ml of ether. The ether layer was washed 
layer of the filtrate was separated, and the aqueous layer was with portions of cold 10% hydrochloric acid until the washings
extracted with two 100-ml portions of pentane. The pentane were acidic and then with saturated sodium bicarbonate solu-
solutions were combined and washed with successive 100-ml tion. The organic layer was dried and concentrated on a steam 
portions of cold 3 N  hydrochloric acid, saturated sodium bicar- bath. Residual traces of solvent were removed under vacuum

(17) H. C. Brown and Y . Okamoto, J .  Amer. Chem. Soc., 79 , 1913 (1957); (18) R . A. Barnes and L. Gordon, ibid., 71, 2644 (194£).
H. C. Brown, Y. Okamoto, and G. Ham, ibid., 79, 1906 (1957); H. C. Brown, (19) K . Kindler, H. G. Helling, and E . Sussner, Ann., 505, 200 (1957).
J .  D. Brady, M. Grayson, and W. H. Bonner, ibid., 79, 1897 (1957). (20) R . Fuchs and J .  A. Caputo, J .  Org. Chem., 31 , 1524 (1966).

1780 J .  Org. Chem., Vol. 35, No. 6, 1970 J ones and F oster



(0.9 mm) at 50° to give 38.5 g of crude 3-(p-chlorophenyl)-l,l- acid was titrated with approximately 0.02 N  sodium hydroxide 
dideuteriopropionyl acetate. using bromthymol blue as indicator. Infinity titers were taken

The crude acetate was pyrolyzed at 600°. Distillation of the after at least ten times the estimated half-life. Temperatures
pyrolysate yielded 18.7 g (0.121 mol, 61% based on ethyl p -  in all cases were controlled to at least ±0.03°.
chlorophenylpropionate) of 3-(p-ctlorophenyl)-l,l-dideuterio-l- Product Studies.—A solution of 0.307 g of p-allylcumyl p -  
propene, bp 46-50° (1.4 mm). Gas chromatography21 showed nitrobenzoate in 100 ml of 50% w/w aqueous acetone was allowed 
the material to be 90% pure: nmi 8 2.73 (d, 6 H, J  = 7 Hz), to stand for 2 weeks at room temperature. After removing the
5.15-5.50 (2 H, olefinie H), and 6.25-6.80 (4.5 H, aromatic Ii). acetone under reduced pressure, the aqueous residue was made

p-(7,Y-Dideuterioallyl)cumylp-Nitrobenzoate.15—TheGrignard basic with sodium bicarbonate, and the resultant solution was
reagent prepared from 5.0 g (0.038 mol) of 3-(p-chlorophenyl)-l,l- extracted with three 20-ml portions of ether. The extracts were 
dideuterio-l-propene and 1.2 g (0.049 g-atom) of magnesium in combined, washed once with water, dried, and concentrated.
9 g of anhydrous tetrahydrofuran was allowed to react with The small quantity of residual oil which remained (c a . 50 ¿J) was
excess acetone to give 3.2 g of material, bp 105-115° (1.5 mm). distilled in a Hickman still. Capillary nmr spectra (Varian
Gas chromatography22 of the material showed ca. 85% one HA-100 spectrometer) of the distillate proved to be identical
peak which had retention time identical with that observed upon with that of p-allylcumyl alcohol. The infrared spectrum and
chromatography of the nondeuterated analog. Ir spectra of retention times of the material upon vapor phase chromatog-
distilled material showed strong OH absorption. Ir spectra raphy using GE SE-30 and FFAP liquid phases were identical
of material collected by gas chromatography showed no OH with that of p-allylcumyl alcohol. No other components were
absorption; i . e . ,  dehydration had occurred upon gas chromatog- detectable in the distillate. The pot residue had a melting point
raphy. Mass spectral analysis of the deuterated and nondeu- of 235-240°, undepressed on mixture with an authentic sample of
terated olefins obtained by gas chromatography of the deuterated p-nitrobenzoic acid.
and nondeuterated alcohols showed the following composition In similar experiments, p--y,y-dimethylallyl-, m-allyl-, p-3-
for the deuterated anlog: 0.9% dc, 4.9% d\, 92% d2, 0.7% d3, butenyl-, p-a.a-dimethylallyl-, and p-y.Y-dideuterioallylcumyl
1.3% d t . p-nitrobenzoates were solvolyzed in an identical manner. Isola-

Reaction of 3.2 g (0.018 mol) of the alcohol with 5.0 g (0.027 tion of the product alcohols again proved rearrangement had not
mol) of p-nitrobenzoyl chloride in 15 ml of pyridine yielded after occurred by virtue of nmr, infrared, and gas chromatographic
normal work-up and recrystallization from pentane 2.66 g (0.0081 comparisons with authentic samples, 
mol, 45%) of material, mp 38-39°. Two recrystallizations from
pentane and drying under vacuum yielded material having mp Registry No.— l-(p-Chlorophenyl)-3-methyl-2-butene,
43-5_4t U CMr) oWwChr Wa 7 'Ee? f,°7 «hA nmH1C )m,easurT!”ie7ntns; 23853-76-1; p-bromoallylbenzene, 2294-43-1; 3- ( p -nmr 3 3.30 (d, 2 H, /  = 7 Hz), 5.7-6.0 (1 H, olefinie H), 7.0- , , oooro vo o n i i_, , 1
7.34 (4 H, aromatic H), and 8.15 (4 H, aromatic H). No ab- chlorophenyl)-!-butene, 23853-78-3, w-allylchloroben-
sorption was observed at 5 ppm where the nondeuterated deriva- zene, 3840-17-3; 3-(p-chlorophenyl)-3,3-dimethyl-l-
tive shows 2 H absorption. butene, l-(p-chlorophenyl)-l,l-dimethyl-2-propanone,

Kinetic Procedure-—The desired amount of ester was dis- 16703-39-2; l-(p-ehlorophenyl)-l,l-dimethyl-2-propanol
solved in a preweighed quantity of acetone in a 100-ml volumetric ,  . . , ooonn o n  1 o  / ui , n
flask, and the required weight of distilled, carbonate-free water (acetate), 23890-37-1; 3-(p-chlorophenyl)-l,l-dldeU-
was then added with shaking. The flask was placed in a thermo- terio-l-propene, 23852-83-7; p-^y-dideuterioallyl)-
stated bath and allowed to equilibrate for 15 min. In those cumyl p-nitrobenzoate, 23852-84-8. 
cases where the half-life was less than 30 min, the solvents were
preequilibrated at the bath temperature before mixing. At ap- Acknowledgment.—This work was supported in part
propriate time intervals, 9-ml samples were removed and , , , -r, , „  , , • • ,  , , ,,
quenched with 10 ml of acetone at 0°, and the free p-nitrobenzoic ^y the Petroleum Research Fund, administered by the 
---------------- American Chemical Society. The authors are indebted
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Photochem ical Transform ations of Sm all-Ring Carbonyl Compounds.
X X V I. G round-State and Photochem ical Reactions in the  

Thiacyclobutane Series1,2

Albert P adwa3 and R obert Gruber

D e p a r tm e n t o f  C h em istry , S ta te  U n iv ers ity  o f  N ew  Y o r k  a t B u f fa lo .  B u f fa lo ,  N e w  Y o r k  14S 14

R ece iv ed  D ecem b er  8 , 1 9 6 9

Reaction of a-bromomethylchalcone with sodium hydrosulfide gives 3-phenyl-4-benzoyl-l 2-dithiolane (3),
2,4-diphenyl-5-benzoyl-l,3-dithiane (4), and 2-phenyl-3,5-dibenzoylthiane (5). Oxidation of dithiolane 3 with 
peracid affords 3-phenyl-4-benzoyl-l,2-dithiolane 2,2-dioxide (7), which was thermolyzed in dilute solution to 
give frans-2-phenyl-3-benzoylthietane (2). When thiosulfonate 7 was pyrolyzed in the neat, a mixture of tra n s-  
a-methylchalcone and 3-phenyl-4-benzoyl-l,2-dithiolane (3) was obtained. Irradiation of either dithiolane 3, 
thiosulfonate 7, or thiacyclobutane 2 afforded a mixture of c is -  and ¿raras-benzalacetophenone. The low bond 
dissociation energy of the C-S bond appears to be the major factor responsible for the photolytic cleavage of these 
sulfur heterocycles.

Phenomena regarding excited states of small-ring during the past few years.4 Interest in these corn-
nitrogen ketones have received considerable attention pounds has been aroused in part by theoretical studies

and in part by the unusual rearrangements that occur 
2590 (1P970) X X V : A' Padwa and W' Eisenberg' Amer• Chem‘ Soc" 92, upon irradiation.6'6 The general types of phototrans-

(2) For a preliminary report of this work, see A. Padwa and R . Gruber,
Chem. Commun., 5 (1969). This work was presented in part at the 156th (4) For a review, see A. Padwa in “Organic Photochemistry,” Vol. I,
National Meeting of the American Chemical Society, Atlantic City, N. J„  O. L. Chapman, Ed., Marcel Dekker, Inc., New York, N. Y ., 1967, p 92.
Sept 1968. (5) A. Padwa and L. Hamilton, J .  Amer. Chem. Soc., 89, 102 (1967).

(3) Alfred P. Sloan Foundation Research Fellow, 1968-1970. (6) A. Padwa and W. Eisenhardt, ibid., 90, 2442 (1968).
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formations which have been observed with four- 0  H
membered nitrogen ketones have been summarized in H w
recent papers from this laboratory.7-9 Evidence has /  NaSH] Ph j  Ph ^
been advanced in favor of a mechanism involving / \  h ,s  ’ %  r
transfer of an electron from nitrogen to the triplet CH.Br s
n ir* excited state. An intriguing question con- 3
cerned the photochemical behavior of molecules of 0  Ph 0  0
similar structure but possessing a different hetero-
atom as part of the ring. One such molecule is 2- Ph j . + Ph | j  Ph
phenyl-3-benzoylthietane (2), which is an analog of the k' S '^ 'ph
much-studied arylaroylazetidine system (1). Not only 4 5
is this system of interest because of its relationship to

infrared spectrum at 6.01, 6.95, 7.78, 9.95, and 13.05 
ph\ y °  i M- The nmr spectrum (CDCh) showed an A B X Y

------------ - -------------  pattern: the AB part is centered at r  6.50 and 6.25
/ i  /p h / I  ^/ph ( J a b  =  11-5 Hz, J AX  =  J b x  =  7.5 Hz), the Xproton
L----------- N L------------S appeared as a quartet at r  5.53 ( J xy  =  7.5 Hz), and

r  the Y  proton appeared as a doublet at r  4.80 ( J x y  =
1 2 7.5 Hz). A multiplet centered at r 2.77 for ten aro

matic protons was also evident. Simplification of the 
azetidine photochemistry, but also the possibility of nmr spectrum could be readily achieved by heating
electron transfer from sulfur was of intrinsic concern. compound 3 with sodium methoxide in CH3OD. When
The present paper reports on the photochemistry of this was done the nmr spectrum showed an AB pattern
several thiacyclobutane derivatives, as well as some of f t  T ®*48 an<̂  a singlet at r 4.80. This ready exchange
the interesting ground-state chemistry encountered implies that one proton is on a carbon atom adjacent
with these systems t°  a carbonyl group. On the basis of these data and its

Synthetic Aspects.—A synthesis of ¿rcros-2-phenyl- origin, compound 3 is considered to be 3-phenyl-4-
3-benzoylthietane (2) was required. Earlier reports benzoyl-1,2-dithiolane. The assignment of structure
in the literature have shown that 2-[ce-(N-£-butyl- 3 was confirmed in the following fashion. Desulfur-
amino) benzyl Jacrylophenone reacts with hydrogen ization with nickel boride12 followed by oxidation with
bromide to give a /3-aroyl-y-bromoallylamine hydro- activated manganese dioxide afforded 1,3-diphenyl-2-
bromide, which on treatment with base affords a sub- methylpropanone in  ̂high yield. The more stable
stituted aroylazetidine in high yield.7 8 9 10’11 * In an attempt trans structure is assigned to 3 in view of failure to

detect any appreciable isomerism of 3 with sodium

P h ' \ - < " h  +  —  P h A --------- i - F *  ..NIB J U
cH2BrPh a f  I Ph | ^ ph

ch3
0 Ph^ O  H 3

J l ^ ^ P h  x HBr ________J
Ph ]r \  —  /  /  Ph methoxide under conditions which exchanged the hy-

&  NHR -̂-----------\  drogen atom a  to the benzoyl group.
r The formation of dithiolane 3 may be rationalized

by assuming that sodium hydrosulfide first undergoes 
to prepare the related four-membered sulfur hetero- an Sn2' reaction with starting bromide and is then
cycle by an analogous route, we treated a-bromometh- followed by further hydrogen sulfide addition across the
ylchalcone with sodium hydrosulfide. Our initial conjugated double bond.13'14 The intermediate di
expectations for preparing the desired thietane ring mercaptan undergoes subsequent oxidation to give
were not realized, and instead the reaction proceeded the dithiolane ring. The oxidation of a dithiol to a
to give three new products. These products were sep- disulfide has been previously described in the literature
arated by chromatography on silica gel and were puri- an(i can be accomplished by several methods.16-17
fied by recrystallization. The compounds are desig- Air oxidation in the presence of a trace of ferric ion was
nated as 3, 4, and 5 and were formed in relative pro- found to be among the best.16'17 Other oxidizing agents
portions of 36, 40, and 20% , respectively. that have been used to effect this conversion consist

Compound 3 was shown to have the molecular for- of iodine in alcohol, hydriodic acid in the presence
mula Ci6HuS20 ,  mp 81-82°. It showed bands in its of oxygen, and strong alkaline reagents in the presence

(7) A. Padwa, R . Gruber and L. Hamilton, J .  Amer. Chem. Soc., 89 , 3077 (12) W. E . Truce and F . M. Perry, ibid., 30,1316 (1964).
(1967). (13) B . Lindbergand G. Bergson, Ark. Kemi, 23, 319 (1965).

(8) A. Padwa and R . Gruber, ibid., 90, 4456 (1969). (14) B . H. Nicolet, J. Amer. Chem. Soc., 67,1098 (1935).
(9) A. Padwa and R . Gruber, ibid., 92, 107 (1970). (15) J .  A. Barltrop, P. M. Hayes, and M. Calvin, ibid., 76, 4348 (1954).
(10) R . P. Rebman and N. H. Cromwell, Tetrahedron Lett., No. 52, 4833 (16) M. W. Bullock, J .  J .  Hand, and E . L. R , Stokslad, ibid., 79, 1975

(1965). (1957).
(11) J .  L. Imbach, E . Doomes, R . P. Rebman, and N. H. Cromwell, J .  (17) M. W. Bullock, British Patent 796,894 (1958); Chem. Abstr., 63,

Org. Chem., 32 ,78(1967). 227 (1959).
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of oxygen. The nature of the oxidizing reagent respon- (a>
sible for the formation of 3 is presently uncertain, al
though a reasonable possibility would be either ferric 
ion (present in the sodium hydrosulfide) cr simply the
aerated alkaline solution. Ph-CL U-Ph

V o  ^ = 5 $
I  ,H I  ,.SH HS I ph H, H> s I

+  NaSH — ► ^  (Lj) I

CH2BrPh CH2 Ph I ]

i  m Im I  h __ J J  w i W - - __ — W 1* U u ^
r v V <  a .  Pĥ ------L _ Ph

ch2 SH H *w S
1 ,SH 3

Compound 4, mp 192-193°, which is the major prod- [| j| 11 |
uct from the above reaction, is assigned the structure "l I L_L1 LLJJUJ I I I
of 2,4-diphenyl-5-benzoyl-l,3-dithiane. This com- 5 ppw 4 3
pound has the correct elemental analysis and molecular
weight for C23H20S2O, and has UV absorption similar to Figure 1. Experimental (a) and calculated (b) 100-MHz spec- 
propiophenone. The nmr spectrum (100 MHz, CC14, trum of the rmg protons of 4 in CCl4'
see Figure 1) showed the expected magnetic nonequiv
alence of the methylene protons adjacent to the sulfur centered at T 5 85 (1 H , J  =  10 and 4.0 Hz), and a
atom, there being the predicted eight-line multiple! doublet at T 5 65 (1 H , J  =  10 Hz). Simplification of
CAB part of an A B X Y system ) centered at r 6 72 and the nmr 8pectrum could be achieved by refluxing 5 with
6.88 with J ab -  14 Hz, T ax =  9 Hz and J Bx  =  sodium methoxide in CH3OD. The nmr spectrum
4 Hz. The X  proton consisted of a tnplet of doublets of the exchanged tbiane showed two AB patterns at
centered at r  5.73 with J XY =  10 Hz The remaining T 7 90 ( J  =  14.0 Hz) and 7 .07 ( J  =  14.O Hz), a singlet
portion of the spectrum consisted of a doublet at r  at T g 60 (1 H) and a muitipiet at T 2 .42. The sum of
5.40 ( J XY =  10 Hz) a singlet at r 4.60, and a multiplet the available evidence requires that compound 5 have
for the aromatic hydrogens centered at r 2.52. With the structure of 2-phenyl-3,5-dibenzoylthiane (5).
values of the coupling constants available it was pos- The location of all three substituents on the equatorial
sible to determine the theoretical nmr spectrum using a positions of the thiane ring is most consistent with the
variation 01 the trequmt IV program ol Bothner-By.18 nmr data
The calculated spectrum is given in Figure 1 along with We return now to the consideration of the origin of 
the experimental 100-MHz spectrum. It is seen that Products 4 and 5 from the reaction of a-bromomethyl-
the fit is excelient both mime position and intensity. chalcone with sodium hydrosulfide. A reaction se-

The fact that protons X  and Y  are coupled with J  qUence that accounts for their formation is presented
= 10 Hz> ;7 hlk the coupling constant for protons B in Scheme L In this gcheme) the reaction proceeds to
and X  is 4 Hz, suggests that the 4-phenyl and 5-benzoyl afford the dimercaptan as previously described for the
groups are in the equatorial position. This situation formation of 3. At this stage the dimercaptan can be
is similar to that found with other substituted dithiane oxidized to give 3 0r else fragment to give thiobenz-
systems.19 Confirmation of the assignment of struc- aldehyde and phenyl vinyl ketone. Further reaction
ture 4 was obtained by desulfurization of 4 with Raney 0j? ej4ber 0f these two extremely reactive species with
nickel to give toluene and l,3-diphenyl-2-methylpro- 4be unsaturated mercaptan would readily account for
Pane- the formation of both 4 and 5.

In view of the unexpected reactions encountered with 
I | the above system, our attention was further directed to

Ph Ph RaneyNi Peracid oxidation of 3, since the expected thiosul-
0 \  aney ’>■ PhCH3 + PhCH2CHCH2Ph fonate 7 would possess a structure that could be desul-

V k  I fonated to the desired thiacyclobutane. Compound 3
pb H was 0XidiZed with sodium metaperiodate to 6, mp ISO-

1510, in 86%  yield. The infrared spectrum of dithio- 
Determination of the elemental analysis and the lane 2-oxide (6) exhibited a characteristic sulfoxide

molecular weight of compound 5 established its molec- stretching frequency at 1070 cm-1 . The nmr of 6b
ular formula as C25H22SO:!. The nmr spectrum (100 (R =  D) showed a multiplet centered at r  2.5 (10 H),
MHz) showed multiplets centered at r 8.03 (2 H), a singlet at r 4.40 (1 H, benzylie methine), and an un-
7.10 (2 H), and 2.75 (15 H), a triplet of triplets centered symmetric quartet centered at r  6.38 (2 H, methylene),
at t 6.20 (1 H, J  =  12 and 4.0 Hz), a triplet of doublets Oxidation of 6b (R = D) with m-chloroperbenzoic acid

afforded thiosulfonate 7b (R = D), mp 169-170°, in 
d96i) 4 4 Bothner‘By and c ' Naar"Colin’ J - Amer- Chem■ Soc- 83, 231 excellent yield. Typical sulfonyl stretching absorp-

(i9) a . ohno, y . oimishi, and g . Tsuchihashi, aid., 9 i ,  5038 (1969). tions at 1300 and 1125 cm-1 were observed in the in-
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S c h e m e  I  the same sulfur atom is always oxidized. I t  is inter-
0 esting to note that this behavior contrasts with com-
Jl h pounds of type RS(CH2)riSOR, where the sulfide sul-

p h ' ss = /  NaSH —> fur atom is preferentially oxidized.2C—23 (B) The
/  ph magnetic anisotropic effects of the sulfinyl function

C®2®r are such that protons syn to the S -0  bond are de-
9  9  shielded and protons anti to the S -0  linkage are

Ak H2s_ . , / \  /  shielded.24-26 Thus proton H;i in structure 6 must be syn.
Jj \  > / \ to the S -0  bond. (C) A comparison of the chemical

CH2 ^  o n  sfj shift of the methylene hydrogens of compounds 3, 6, and
2 7 reveals that the most deshielded methylene hydrogens

ii S are those of compound 7. This observation is in agree-
m / \  /  base,  ow j . puna- ment with the assumption that the sulfonyl moiety

/ \ has a stronger electron-withdrawing inductive effect
Qggjj than the sulfinyl group.26 It appears that the sulfinyl

group has little effect on the chemical shift at the center 
9 S of the AB quartet in 6 when compared with the equiv-

J k .  || basc alent quartet in the spectrum of disulfide 3. (D)
■Ph JJ \  +  PhCH *■ When a methanol solution of 3 was refluxed over an-

CH2 ^  hydrous potassium carbonate for 2 days, conditions
0 Ph under which complete exchange of the acidic C-4 hy-

y ,  ii JJ A drogen occurred, only starting material was recovered.
S~ "S ^ ^ p h  jj+ Therefore, 3, 6, and 7 must have the thermodynamically
I JL ’ > J  1__more stable trans arrangement of the benzoyl and phenyl

Ph S ph moieties.
4 Recently, Fava and Koch reported that aryl arene-

0 thiosulfinates readily undergo thermal racemization
| gjj via pyramidal inversion at sulfinyl sulfur.27 I t  seemed

pj1'/ *Nr _ /  -p PhCOCH=CH base> to us that compound 6 should also racemize at elevated
H pr temperatures and that this racemization could be fol-
CIi2 lowed by variable-temperature nmr spectroscopy.

0 0 J  0 0 When the nmr spectrum of 6 was recorded at a range
J ,  ^ j J  J) JJ of temperatures from 166 to —50°, the singlet at t

Pl o y * * *  p ^ P h  P h ^ ^ Y ^ J f '' 'P h  4.40 did not change in chemical shift or intensity.
^ k gk  k g /k , , Also, no new peaks appeared in the spectrum as the tem-

^  perature was varied. There was no noticeable decom
position at the elevated temperatures employed. The 
nmr spectrum showed a slight modification of the AB 

frared spectrum of compound 7b. Its nmr spectrum quartet with decreasing temperature—it broadened
showed absorptions at r 2.45 (multiplet, 10 H, aro- slightly and became symmetrical. This change is
matic), 4.80 (smglet, 1 H, benzylic methine), and 6. tentatively ascribed to a retardation of conformer in-
(AB quartet, 2 H, methylene). terconversions. Inversion of configuration of the sul-

T 4 80 T 4 40 finyl sulfur, whether retarded by cooling or accelerated
9  h3 9  H3 by heating, should have caused a decrease in intensity

ph/ k _______ ph Ph^^Si_______ Ph 0 4he r 4.40 singlet and the appearance o: a new singlet
10  Nnl0< >■ at ca. 0.4-1 ppm upheld. The absence of such a shift

VH ^ V S/ S °  leads us to conclude that, although asymmetric open-
v j l  chain aryl arenethiosulhnates may undergo thermal

r6.37 t 6.38 racemization via pyramidal inversion at 50°, the cyclic
3 \ /  6 thiolsulhnate 6 is configurationally stable up to 166°.

RCOlH\ J  RCOjH At ^jg ^ me we cannot  fully explain why open-chain
T 4 80 asymmetric thiolsulfmates should be conhgurationally

9  Hu labile and the hve-membered counterpart should not.
_______ PO Perhaps conhgurational stability is a function of ring

10  size in sulfur heterocycles, as is the case with nitrogen
heterocycles.28’29

X H
g 9 v ^  (20) D. Barnard and E . J .  Percy, Chem. Ind. (London), 1332 (1960).

(21) P. Allen, P . J .  Berner, and E . R . Malinowski, ibid., 1164 (1961).
7 (22) J .  Cymerman and J .  B . Willis, J. Chem. Soc., 1332 (1951).

a, R  =  H (23) C. Frisell and G. Bergson, Ark. Kemi, 25, 263 (1965).
i P  _  F) (24) J .  A. Deyrup and C. L. Mayer, J. Org. Chem., 34, 175 (1969).

’ (25) A, B. Foster, J .  M. Duxbury, T . D. Inch, and J .  M. Webber, Chem.

The stereochemical structure assignments for 6 and. 7 (26) C. C. Price and S. Oae, “Sulfur Bonding,” Ronald Press, New York,
rest on the following information. (A) Peracid oxi- n . y ., 1962.

dation of thiosulfmate 6 gave the same thiosulfonate <£> A f T  anAk J " ;  Chm' S°c" 90,3867 (lu68)'. °  (28) S. J .  Brois, tbid., 90 ,506 (1968),
as WaS Obtained from 3. This result demands that (29) J ,  M, Lehn and J .  Wagner, Chem, Commun,, 148 (1968).
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Thermal extrusion of sulfur dioxide from thiosul- been reported with similar systems.31- 33 In addition 
fonate 7 was readily achieved in a sealed tube at 225°. the isolation of irares-a-methylchalcone from the above 
The pyrolysis afforded two major products, which were reaction mixture lends considerable strength to the
subsequently identified as trans-a-methylchalcone (8, reaction sequence postulated in Scheme II. When the
22% ) and 3-phenyl-4-benzoyl-l,2-dithiolane (3, 29% ). thermolysis was carried out in a dilute benzene solution 
Under these conditions a significant amount of poly- the diradical prefers to undergo ring closure, thus ac-
menzation occurred. The failure to observe a product counting for the formation of thiacyclobutane 2
derived from loss of S 02 on heating 7 at 225° led to an Further fragmentation of 2 on heating has been shown
investigation of its behavior under slightly different to result in the formation of ¿rans-benzalacetophenone
pyrolytic conditions. When the thermolysis was car- and thioformaldehyde. 
ried out in a dilute benzene solution, two new products

o PhY °  0

p i  » v  * " V f -  "  " V i  * " - 1
ch3 Fh
8 3 Preparation of the thietane ring by this route is

0  „  subject to a number of variables, all of which must be
(I carefully controlled in order to obtain even a moderate

----------- Ph amount of product. In order to increase the yield of
H Y x S02 thiacyclobutane 2, several alternate methods were

S tried. Truce recently reported that nickel boride
 ̂ pjj -  would convert a disulfide into the corresponding sul-

^   ̂ 0  fide.12 It was further noted that nickel boride was inert
a / y ^  yH toward sulfones. It seemed reasonable to attempt this

benzene ¿_______J ph *  f==\ reaction with dithiolane 3. However, treatment of
h jj  Ph either 3 or 7 with nickel boride gave only 1,3-diphenyl-

2 2-methylpropanol. An alternate procedure which in
volved the reaction of triphenyl phosphine with 3 in 

were isolated. The minor product was identified as refluxing toluene resulted in ill-defined tars. By
frans-benzalacetophenone (38% ). The major product using a procedure recently described by Harpp and
(55%) was a colorless solid, mp 79-80°, having the com- Snyder for the conversion of disulfides into sulfides,
position Ci6H i4SO. Chemical and spectral evidence the desired thietane could be prepared in good yield.31
(see Experimental Section) shows that this new com- Thus treatment of 3 with tris(dimethylamino) phos-
pound is frans-2-phenyl-3-benzoylthietane (2). phine led to frans-2-phenyl-3-benzoylthietane (2) in

The formation of 3 from the thermolysis of 7 can be 60%  overall yield, 
envisaged as occurring via homolytic cleavage of the 
sulfur-sulfur bond followed by loss of sulfur dioxide. 9
At high concentrations of starting material the resulting
diradical may attack another molecule of thiosulfonate / j  + r(CH) NlP __*■
by an Sh2 mechanism30 as shown in Scheme II. \ g ^ S

S c h e m e  I I  P l̂ s 'Y = i<~1

1  H  I  ? h /  7 L  +  Ko h .),x ;j - - s
J-Ph Pĥ J .  + L--------- s

V s*  * s Photochemical Studies.—Although the ground-state
7 0  Ph chemistry of substituted thietanes has received con-

0 „  J  / siderable attention,35 the photochemical transforma-
¡1 P h ^ Y p  \  tions of this ring system have been virtually unexplored.

P h " j ----------- Ph __  ̂ It was of particular interest to ascertain the photo-
b b T i h *■ chemical routes available to the thietane ring in order

s ~ PlT ^O  to make a comparison with the photochemistry of the
q _ azetidine system, which is known to give diarylpyrroles
| H | 9 upon irradiation.9 In particular, the influence of the

P h Y ----------- Ph P h ^ Y ^ P h  phA v H heteroatom in the photochemistry of these four-
I a +  I *“ ph y K  membered rings needed to be assessed.

chp  L  Ph _
(31) C. W alling, O. H . Basedow, and E . S. Savas, J .  A m u r.  C h em . Soc.,

■* 8  82,2181 (1960).
(32) A . V. Tobolsky and B . Baysal, ib id , ,  75,1757 (1953).

The sequence of steps outlined above is not without (1< ^ .w' H' Stookmayer' R' °- Howard' and J- T- Clarke'im- 7B- 1756 
precedent, as related Sh2 reactions of disulfides have (34) d. n. HarPP, j . g. Gleason, and j . p. Snyder, m „ 90, 4isi (1968).

(35) Y . Etienne, R . Soulas, and H . Lumbroso, “ H eterocyclic  Compounds
(30) W . A. P ryor, M echanism  of S u lfu r Reactions,”  M c G ra w -H ill w ith  Three and Four Membered R ings,”  P a rt I I ,  A . Weissberger, Ed., 

Book Co., In c ., N ew  Y o rk , N . Y ., 1962, p 51. Interscience Publishers, In c ., New  Y o rk , N . Y ., 1964, p 647.
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Exposure of a dilute solution of ¿raws-2-phenyl-3- the ease with which sulfur dioxide can be eliminated 
benzoylthietane (2) in 95%  ethanol to a Hanovia from sulfones upon irradiation.37 Photolysis of a
450-W mercury arc lamp for 3 hr resulted in the com- dilute solution of 9, synthesized by the peracid oxidation
plete disappearance of 2 and clean conversion into a of 2, in cyclohexane gave a mixture of cis- and frans-1- 
mixture of cis- and frans-benzalaeetophenone. The phenyl-2-benzoylcyclopropane. Similar results were 
anticipated 2,3- and 2,4-diphenylthiophene were not
detected in the reaction mixture. This result indicates y H c
that the photochemistry of the thietane system pro- Ph-^>________ j— Ph II H
ceeds by an entirely different path from that encoun- /  /  — P h ^ > - ___ -/
tered in the azetidine series. The formation of cis- ----------- S02 0TA K \  /  ph
and irans-benzalacetopherione may be envisaged as pro- 9 V
ceeding by way of a homolytic cleavage of the benzylic
carbon-sulfur bond. The resulting diradical under- obtained when 2 was pyrolyzed at 230°. An anal- 
goes subsequent fragmentation to thioformaldehyde ogous case has been reported by Dodson and Klose,39 
and benzalacetophenone. who found that the Pyrolysis of cis- and irons-diphenyl-

thietane dioxide resulted in the formation of cis- and 
irans-diphenylcyelopropane. The better leaving ability

________  of S 0 2 compared with sulfur may account for the dif-
A / h\ ference in the thermal and photochemical behavior of

L--------- s Ph 2 vs. 9.

______H Experimental Section

/ ^Ph , mrfr „„p, , rrH- General.—Nmr spectra were recorded on a Varian A-60 spec-
/  o v FhLULH VHRn L 2 Ji trometer using carbon tetrachloride as solvent. Infrared spectra

were obtained on a Perkin-Elmer Infracord spectrophotometer, 
. . . , „ 0  , , Model 137. The ultraviolet absorption spectra were measured

The low bond dissociation energy ol the G—b bond with a Cary recording spectrophotometer, using 1 -cm matched
may be the major factor responsible for the difference cells. Elemental analyses were performed by Scandinavian
in photochemistry of the two heterocyclic systems. I t  Mic.roanalytical Laboratory, Herlev, Denmark. Gas-liquid
is interesting to note that the reaction does not involve partition chromatographic analyses and preparative separations
., , . £ , ♦ -ip j  were carried out using an F & M Model 5720 instrument equipped
the extrusion of atomic sulfur as had been observed in with a 6 ft x  0 .25 j* 20% Apiezon M on 60-80 mesh Chromo-
the related episulfide system.88 sorb W column. Irradiations were carried out using Hanovia

The photoconversion of 2 into cis- and trans-hen- 450- and 550-W, medium-pressure mercury lamps with water-
zalacetophenone could not be quenched by piperylene cooled quartz immersion wells.
or naphthalene. Addition of acetophenone or irradia- . Re^ | on oi. ^̂ -̂Bromomethylchalcone with Sodium Hy-• ti i u t . n 1 drosulfide.—A solution of 250 g (3.35 mol) of sodium hydro-
tion m dilute acetone solution unequivocally demon- suifidei dissolved in a sufficient amount of water to give a total
strates that photosensitization is observed. These volume of 340 ml, was rapidly added to a solution containing
data indicate that the triplet state of 2 is capable of 40 g (0.133 mol) oi iraws-a-bromomethylchalccne in 31. of methyl
undergoing fragmentation to benzalacetophenone. alcohol. The resultant solution was heated to reflux for 1 0  min
The lack of quenching by piperylene or naphthalene S l T
denotes either that the singlet state can also lead to 51. of cold water and carefully acidified with concentrated hydro
product or that a triplet intermediate is formed but is chloric acid to pH 5. Extraction with carbon tetrachloride,
rapidly consumed by reaction prior to diffusion. followed by removal of the solvent under reduced pressure,

It was also found that irradiation of 3 or 7 in cyclo- gave 60 g of a yellow oil. Chromatography of 6 .0  g of this ma-
, c c j j  - a i  ■ i i terial on a silica gel column (1.5 X 32 in.) resulted m the separa-
hexane afforded a imxture of as- and trans-benzalaceto- tion of the crude oil int0 three component8. The first component
phenone. It seems reasonable to assume that these eluted from the column with benzene amounted to 1.4 g of a

yellow solid which was recrystallized from benzene to give 3 - 
Q p; V H phenyl-4-benzoyl-l,2-dithiolane (3) as a yellow, crystalline solid,
11 1  mp 81.5-82.5°, yield 36%.

Phr > ----------Ph Ph >----------Ph Anal. Calcd for Ci6HhS20: C, 67.09; H, 4.93; S, 22.39.
I , , I so Found: C, 66.93; H, 4.89; S, 22.60.

—► PhCOCH=CHPh ■*-!■ Sx  2 The infrared spectrum was characterized by bands at 6.01,
3  7  6.95, 7.78, 9.95, and 13.05 ti. The nmr spectrum (CDCh)

showed a ABXY pattern with the AB part centered at r 6.50 
reactions proceed via homolytic cleavage of the S-S and 6.25 (Jab = 11.5 Hz, ,/AX = dux = 7.5 Hz), the X proton
bond, followed by loss of sulfur (or sulfur dioxide) to f  T £“l%(?i7( XYA= (jf- “ d ^ 7  f  T 4‘80 (+d’,. j. , v . .. ' J  xy= 7.5 Hz). A multiplet centered at t 2.77 for ten aromatic
give the same diradical as was proposed earlier. protons was also evident. The molecular weight (ebullioscopic)

As an extension of our investigations on the photo- in chloroform had a value of 273 (calcd, 286) in agreement with
chemistry of the thiacyclobutane ring, the irradiation the proposed structure.
of trans-2-phenyl-3-benzoylthietane 1,1-dioxide (9) , Simplification of the nmr spectrum could be readily achieved

, i  . rryil by replacement of the acidic a hydrogen with deuterium. A
was investigated next. The photochemical decompo- solution of (K5 g of 3 -phenyl-4-benzoyl4 ,2 -dhhiolane and 0 . 5  g
sition of cyclic sulfones has been frequently reported of anhydrous potassium carbonate in 18 ml of methanol-O-d
in the literature.37’38 Cava has adequately demonstrated was heated to reflux for 2  days. At the end of this time the

reaction mixture was evaporated and the oily residue was purified
(36) A. Padwa, D. Crumrine, and A. Shubber, J. Amer. Chem. Soc., 88, by preparative thick layer chromatography to afford 0.24 g of

3064 (1966). a yellow solid, mp 80-81°. The nmr spectrum (CDCh) showed
(37) M. P. Cava, R . H . Schlessinger, and J. P. van Meter, ibid., 8 6, 3173 an AB pattern centered at r 6.48 and a singlet at T 4.88. The

(1964). ------------------------ &
(38) J. Saltiel and L. Metis, ibid., 89, 2223 (1967). (39) R. M. Dodson and G. Kiose, Chem. Ind. (London), 450 (1963).
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quartet normally associated with the a hydrogen was completely Raney Nickel Desulfurization of 2,4-Diphenyl-5-benzoyl-l,3- 
absent. A similar experiment employing methanol gave only dithiane (4).—Desulfurization of compound 4 was accomplished
recovered starting material, thereby indicating that the thermo- by refluxing a solution containing 0.55 g of 4 and 5.0 g of Raney
dynamically more stable trans isomer was formed in the original nickel in 50 ml of methanol for 2  days. The excess Raney nickel
reaction. was removed by filtration and the solvent was removed by a

The second component eluted from the column (2% ethyl careful distillation. The distillate was diluted with 300 ml of
acetate-benzene) was recrystallized from benzene-heptane to water and then extracted with 1 0  ml of carbon disulfide. Gas
give 2,4-diphenyl-5-benzoyl-l,3-dithiane (4) as a white, crystal- chromatographic analysis of the carbon disulfide extracts showed
line solid, mp 192-193°, yield 2.1 g (45%). the presence of two components that corresponded to solvent

Anal. Calcd for C 23H 20S 2O : C, 73.36; H, 5.35; S, 17.03. and toluene. The material with the same retention time as 
Found: 0,73.12; H,5.55; S, 16.66. toluene was collected (10 ft X 0.25 in., 5% SE-30 column on

The infrared spectrum of this compound is characterized by Diatoport S at 100°) and comparison of its infrared spectrum
bands at 6.00, 7.78, 8.40, 9.88, 12.95, 13.55, and 14.53 m- The with that of toluene established its identity. Distillation of
molecular weight (ebullioscopic) in chloroform had a value of the remaining residue gave a colorless oil which was identical in
364 (calcd, 376). The 100-MHz nmr spectrum showed the ex- all respects with an authentic sample of l,3-diphenyl-2 methyl -
pected magnetic nonequivalence of the methylene protons ad- propane.
jacent to the sulfur atom, there being the predicted eight-line 3-Phenyl-4-benzoyl-l,2-dithiolane 2-Oxide (6).—To a solution
multiplet (AB part of an ABXY system) centered at r 6.72 and of 2.0 g (0.007 mol) of 3-phenyl-4-benzoyl-l,2-dithiolane (3)
6 .8 8  with J ab =  14 Hz, / a x  —  9 Hz, and / b x  =  4 Hz. The in 175 ml of dioxane was added a solution of 1.5 g (0.007 mol)
X proton of the ABXY system consisted of a triplet of doublets of sodium metaperiodate in 50 ml of water. After the solution
centered at t 5.73 with J x y  = 1 0  Hz, The remaining portion of had been allowed to stand at room temperature for 2 hr, a solid
the spectrum consisted of a doublet at t 5.40 (J x y  = 10 Hz), material precipitated which was subsequently filtered and dis-
a singlet at r 4.60, and a multiplet for the aromatic hydrogens carded. The filtrate was evaporated under reduced pressure
centered at r 2.52. to give 1.92 g of a yellow solid. Recrystallization from benzene-

The third material isolated from the chromatography column heptane gave 3-phenyl-4-benzoyl-l,2-dithiolane 2-oxide (6 ) as 
with 3% ethyl acetate-benzene was crystallized from ethyl a white, crystalline solid, mp 150-151°, yield 1.86g (8 6 %). 
acetate to give 2-phenyl-3,5-dibenzoylthiane (5) as a white, Anal. Calcd for CieHuS20 2 : C, 63.54; H, 4.66; S, 21.20. 
crystalline solid, mp 180-181°, yield 1 . 1  g (20%). Found: C, 63.40; H,4.66; S, 20.89.

Anal. Calcd for C25H22SO2: C, 77.68; H, 5.73; S, 8.27. The infrared spectrum was characterized by bands at 5.95, 
Found: C.77.68; H,5.75; S,8.31. 7.73, 7.89, 8.18, 9.35, 13.02, and 14.23 11. The 100-MHz nmr

The infrared spectrum was characterized by bands at 5.95, spectrum (CDCI3) showed multiplets centered at t 6.38 ( 2  H)
6 .0 2  (split), 6.95, 7.88, 12.85, and 14.54 p. The molecular and 4.57 (1 H) and adoublet at r 4.40 (1 H, /  = 4.5 Hz),
weight (ebullioscopic) in chloroform had a value of 378 (calcd, 3-Phenyl-4-benzoyl-l,2-dithiolane 2,2-Dioxide (7).—A solu- 
386). The 100-MHz nmr spectrum (CDC13) showed multiplets tion of 5.0 g of 3-phenyl-4-benzoyl-l,2-dithiolane (3) and 7.6 g
centered at r 8.03 (2 H), 7.10 (2 H), and 2.75 (12 H), a triplet of 90% m-chloroperbenzoic acid in 300 ml of methylene chloride
of triplets centered at r 6.20 ( 1  H, /  = 12 and 4.0 Hz), a triplet was allowed to stand at room temperature for 4 hr. At the
of doublets centered at r 5.85 (1 H, /  = 10 and 4.0 Hz), adoublet end of this time the precipitated ro-chlorobenzoic acid was Te
at t 5.65 (1 H, /  = 10 Hz), and a doublet of split doublets at r moved by filtration and the solution was washed with 10% so-
2.10 (2 H, J  — 1.0 Hz) and 2.32 (2 H, J  = 1.0 Hz). The latter dium carbonate and dried over magnesium sulfate. The solvent
two signals are assigned to the ortho hydrogens on the benzoyl was removed under reduced pressure to leave a white solid,
ring. Recrystallization from benzene-heptane gave 3-phenyl-4-benzoyl-

Simplification of the nmr spectrum could be achieved by re- 1,2-dithiolane 2,2-dioxide as a white, crystalline solid, mp 169- 
placement of the acidic a hydrogens with deuterium. A solu- 170°, yield 4.3 g.
tion of 1.0 g of 5 and 0.1 g of sodium metal in 25 ml of methanol- Anal. Calcd for C16H14S2O3: C,60.15; H, 4.41; S, 20.15.
O-d was heated to reflux for 2 days. At the end of this time Found: C, 60.04; H, 4.40; S, 20.05.
the reaction mixture was evaporated and the residue was sub- The infrared spectrum was characterized by bands at 5.98,
jected to the exchange conditions for an additional three cycles. 7.70, 8.89, 10.01, 14.42, and 14.70 ¡j.. The 100-MHz nmr spec-
After the third cycle the residue was crystallized from ethyl ace- trum (CDC13) showed multiplets centered at r 6.22 (2 H), 5.12
tate to afford a white solid, mp 180-181°, yield 0.3 g. The nmr (1 H), and 2.45 (10 H) and a doublet at t 4.83 (1, H, /  = 5.5
spectrum of the exchanged thiane showed two AB patterns cen- Hz).
tered at r 7.90 (/ = 14.0 Hz) and 7.07 (/ = 14.0 Hz), a singlet Nickel boride desulfurization of dioxide 7 was carried out in 
at r 5.60, and a multiplet centered at r 2.42. a manner similar to that described for dithiolane 3. The product

Nickel Boride Desulfurization of 3-Phenyl-4-benzoyl-l,2- obtained (95% yield) was identified as l,3-diphenyl-2-methyl-
dithiolane (3).—The desulfurization of 3 was carried out ac- propanone by comparison with an authentic sample,
cording to the procedure of Truce and Perry. 12 A solution of Peracid Oxidation of Dithiolane 2-Oxide (6 ) to Dithiolane 2,2-
1.88 g (0.049 mol) of sodium boride in 20 ml of water was added Dioxide (7).—A mixture of 0.48 g of 3-phenyl-4-benzoyl-l,2-
dropwise to an ice-cooled solution of 3.9 g (0.0165 mol) of nickel- dithiolane 2-oxide (6 ) and 0.34 g of 80% m-chloroperbenzoic acid
(II) chloride hexahydrate and 0.44 g (1.65 mmol) of 3 in 100 ml in 130 ml of methylene chloride was allowed to stand at room
of 95% ethanol. After the addition was complete the reaction temperature for 4 hr. At the end of this time, the precipitated
was heated to reflux for 7 hr, cooled to 25°, and filtered. The m-chlorobenzoic acid was removed by filtration and the solution
filtrate was concentrated under reduced pressure to give a color- was extracted with 1 0 % sodium carbonate and then dried over
less oil. The infrared spectrum showed the presence of a strong magnesium sulfate. The solvent was removed under reduced 
hydroxyl group and a weak carbcnyl band. This crude oil pressure, leaving a white solid. The infrared spectrum of the
was dissolved in 200 ml of pentane and stirred at 25° with 5 g solid showed it to be a mixture of 6 and 7. The crude solid
of activated manganese dioxide. After 36 hr the solution was was subjected to preparative thick layer chromatography,
filtered and the filtrate was concentrated to give a colorless oil. Chloroform extraction of the upper band followed by recrystalli-
A short-path distillation at a pot temperature of 150° (0.12 mm) zation of the solid from benzene-heptane afforded a crystalline
gave 0.30 g (8 8 %) of a colorless oil which was identical in all re- solid, mp 168-170°, yield 0.30 g. The infrared spectrum of this
spects with an authentic sample of l,3-diphenyl-2-methylpro- component was identical with that of dioxide 7 prepared from the
panone. peracid oxidation of 3. The mixture melting point of these two

An attempt was also made to carry out the desulfurization of materials was undepressed at 169-170°. Evaporation of the
3 with Raney nickel. Ca. 10 g of Raney nickel (W. R. Grace chloroform extracts of the lower band gave a white solid which
and Co., No. 28) was added to 150 ml of ethanol containing 0.50 was identical in all respects with starting dithiolane 2-oxide (6 ).
g of 3. After the solution had been refluxed for 25 hr, the nickel Thermolysis of 3-Phenyl-4-benzoyl-l,2-dithiolane 2,2-Dioxide
was removed by filtration and the solvent was evaporated under (7). A. Neat.—In a sealed Carius tube a 1.0-g sample of 7
reduced pressure. The residue was distilled and the fraction was heated to 225° for 75 min. The dark oil obtained was dis-
boiling at 94° (1.1 mm) was collected. This material (0.22 g) solved in benzene and chromatographed on aFlorisil column (1 X
was identified as 1,3-diphenyl-2-methylpropane by comparison 20 in). Elution with 500 ml of benzene gave 0.20 g (29%) of
of its nmr and infrared spectra with those of an authentic sam- 3-phenyl-4-benzoyl-l,2-dithiolane (3) as yellow needles, mp 80-
ple. 81°. Further elution of the column with an additional 800 ml
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of benzene gave 0.15 g (22%) of a yellow oil, whose nmr and in- Irradiation of ircros-2-Phenyl-3-benzoylthietane 1,1-Dioxide
frared spectra were identical with those of an authentic sample (9).—A solution of 37 mg of 2-phenyl-3-benzoylthietane in 150
of iraras-a-methylchalcone. Further elution with 25% ethyl ml of cyclohexane was irradiated with an internal water-cooled
acetate-benzene afforded only ill-defined tars. mercury arc lamp (550 W) using a Pyrex filter. After 3 hr the

B. In Benzene.—A solution of 0.30 g of 7 in 30 ml of benzene solution was concentrated to give 29 mg of a yellow oil, which
was heated in a stainless steel tubular bomb at 230 ± 5° for was chromatographed on a preparative thick layer plate. Elu-
exactly 75 min and then quickly cooled to room temperature. tion with 5% ethyl acetate-benzene afforded only one band,
The solvent was removed under reduced pressure, leaving a light which was subsequently taken up with chloroform. The chloro-
brown viscous oil. Preparative thick layer chromatography re- form extracts were distilled at 85° (0.04 mm) to give 27 mg (93%)
suited in the separation of two distinct bands, which were taken of a mixture of cis- and irans-l-phenyl-2-benzoylcyclopropane.
up in chloroform. A yellow solid was isolated from the upper Gas chromatographic analysis (10% FS 1265 on Diatoport 3
band, which, after recrystallization from 95% alcohol, afforded column, 10 ft X 0.25 in., at 250°) of the oil indicated the presence
a white, crystalline solid, mp 79-80°, yield 0.13 g (55%). This of two peaks with retention times that corresponded to cis-
material was assigned as irons-2-phenyl-3-benzoylthietane (2) (12 min) and Irans- l-phenyl-2-benzoylcyclopropane (14 min),
on the basis of the following data. Comparison of these components with authentic samples un-

Anal. Calcd for Ci6Hi4SO: C, 75.55; H, 5.54; S, 12.60. equivocably established their identity.
Found: C, 75.67; H,5.59; S, 12.54. Irradiation of 3-Phenyl-4-benzoyl-l,2-dithiolane (3).—2-Phe-

The infrared spectrum was characterized by bands at 6.02, nyl-3-benzoyl-l,2-dithiolane (0.200 g) in 500 ml of cyclohexane
7.01, 8.28, 8.95, 11.85, and 14.65 p. The nmr spectrum (CC14) was irradiated for 5 hr using a Pyrex filter. Positive nitrogen
showed a multiplet centered at r 2.57 (10 H), a sextet centered at pressure was maintained throughout the irradiation. Concen-
t 6 .6 8  (2 H, J  = 9.0 Hz), a quartet centered at t 5.25 (1 H, /  = tration of the solution left a yellow oil, wh:ch was chromato-
9.0 Hz), and a doublet centered at r 4.75 (1 H, J  = 8.5 Hz). graphed on a Florisil column. Elution of the column with 120

Removal of the solvent from the lower band of the thick layer ml of benzene afforded 0.12 g (83%) of a pale yellow oil, whose
plate gave 0.09 g (38%) of a yellow solid, which was subsequently Infrared and nmr spectra indicated that it was comprised of a
identified as ¿rans-benzalacetophenone by comparison with an mixture of cis- and irans-benzalacetophenone (4:1).
authentic sample. Irradiation of 3-Phenyl-4-benzoyl-l,2-dithiolane 2,2-Dioxide

Formation of 2-Phenyl-3-benzoylthietane (2) by Selective (7).—A solution of 1.0 g of 3-phenyl-4-benzoyl-l,2-dithiolane
Desulfurization of 3 with Tris(dimethylamino)phosphine.— 2,2-dioxide (7) in 11. of cyclohexane was irradiated with a 450-W
In 25 ml of benzene was dissolved 2.86 g (0.01 mol) of 3-phenyl- Hanovia lamp using a Pyrex filter. After 3 hr the infrared spec-
4-benzoyl-l,2-dithiolane (3) and 1.7 g (0.011 mol) of tris(di- trum showed only a trace of starting material. Concentration
methylamino) phosphine. The solution was allowed to stand of the solution under reduced pressure left a pale yellow oi.,
for 3  days at room temperature and was then evaporated to dry- which was subjected to preparative thick layer chromatography,
ness under reduced pressure. The resulting residue was placed Elution with an 8 % ethyl acetate-benzene mixture afforded two
on a porous plate to remove the residual oil. Recryst.alliza- bands, which were taken up in chloroform. Removal of the
tion of the solid from 95% alcohol afforded 1.5 g (60%) of 2- solvent from the lower band afforded 0.25 g (34%) of trans-
phenyl-3 -benzoylthietane (2 ), mp 79-80°. The infrared spec- benzalacetophenone, mp 54-56°. The upper band contained
trum of this material was identical in all respects with that of 0.22 g (30%) of a pale yellow oil, whose nmr and infrared spectra
the product obtained from the pyrolysis of dioxide 7. A mix- indicated it to be a mixture of cis- and irans-benzalacetophenone.
ture melting point was undepressed at 79-80°. Irradiation of 2-Phenyl-3-benzoylthietane (2).—A solution of

irans-2-Phenyl-3-benzoylthietane 1,1-Dioxide (9).—A solu- 39 mg of 2-phenyl-3-benzoylt.hietane in 100 ml of 95% ethanol
tion of 100 mg (0.394 mmol) of £nras-2-phenyl-3-benzoylthietane was irradiated with a 450-W Hanovia lamp using a Pyrex filter.
(2 ) and 176 mg (0.804 mmol) of 80% m-chloroperbenzoic acid Aliquots were removed and analyzed by thin layer chromatog
in 80 ml of methylene chloride was stirred at room temperature raphy. After 3 hr the spot on a thin layer plate which was due
for 26 hr. The precipitated m-chlorobenzoic acid was removed to starting material had almost completely disappeared and a 
by extraction with 10% sodium carbonate and then dried over single new spot appeared in its place. Concentration of the
magnesium sulfate. The solvent was concentrated to give a solution left an oil which was chromatographed on a preparative
white solid, which was assigned as irons-2-phenyl-3-benzoyl- thick layer plate. Elution with a 5% ethyl acetate-benzene
thietane 1,1-dioxide, mp 123-124°. mixture afforded a single band that was subsequently taken up

Anal. Calcd for Ci6Hi4SC>3: C, 67.10; H, 4.92; S, 11.19. in chloroform. Removal of the solvent left 27 mg (96%) of a
Found: C,66.94; H,5.12; S, 10.92. light yellow solid, whose infrared and nmr spectra indicated it

Pyrolysis of iraras-2-Phenyl-3-benzoylthietane (2).—A 3-mg to be a mixture of cis- and irans-benzalacetophenone (4:1).
sample of 2 in 0.1 ml of benzene was heated to 230° in a sealed Similar results were encountered when the irradiation of 2 was
tube. After 1 hr the solution was concentrated to 0.05 ml and carried out in acetone using a Vycor filter,
the residue was analyzed on a 10% FS-1265 Diatoport S column,
4 ft X 0.25 in, at 210°. The only product obtained was identi
fied as frow-benzalacetophenone by comparison of retention Registry No.—2, 23852 -85 -9 ; 3, 2 1 5 5 1 -5 7 -5 ; 4 ,
time and infrared spectrum with those of an authentic sample. ' 0 1  ’ , cn -  ,  no , . « OQQ7 7

Pyrolysis of irans-2-Phenyl-3-benzoylthietane 1,1-Dioxide 21551-58-0, 5 , 21551 5 » - / ;  0 , 2oS5o-y~-l, /, Z o o I I -
(9).—A solid injector apparatus containing 5 mg of 9 was fitted 3 4 -1 ; 9, 23852-86-0 .
into the injector port of an F & M gas chromatograph at 230°.
After 1.5 hr the glass tube was crushed and the reaction mixture
was allowed to enter a 6 ft X 0.25 in. Apeizon column at 230°. Acknowledgment.—We gratefully acknowledge sup-
The glpc trace showed the presence of starting material (60%) t of this work by the National Institute of Health

G M -13990-03) and the N ational Science  
frared spectra with those of authentic samples. Foundation (G ran t G P -938o ).
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The cis and trans isomers of T(carbo-i-butylperoxy)-l7 4-dimethyl cyclohexane undergo thermal decomposition 
at 60° in cumene at essentially the same rates (cis isomer, AH* = 27.5 kcal/mol, AS* = 5.1 eu; trans isomer,
AH* = 27.8 kcal/mol, AS* = 5.8 eu). The products, cis- and fnms-l,4-dimethylcyclohexane, 1,4-dimethyl- 
cyclohexene, and 4-methy lmethylenecyclohexane, formed from the 1,4-dimethylcyclohexyl radical are the same 
from both precursors. In the presence of oxygen in 1,2-dimethoxyethane or in a Freon solvent, both the cis 
and trans peresters gave identical yields (after reduction) of 58% trans- and 42% cfs-l,4-dimethylcyclohexanol 
at oxygen pressures from 1 to ca. 600 atm. In cumene at 75°, exo-2-(carbo-f-butylperoxy)-2-methylnorbornane 
decomposes 6.7 times faster than its endo isomer (AH* = 27.9 kcal/mol, AS* = 6.3 eu, and Aff* = 30.3 
kcal/mol, AS* = 9.3 eu, respectively). The products resulting from 2-methyl-2-norbornyl radicals are essen
tially the same from either isomeric source; the same ratio of 2-methyl-2 -norbornyl exo- and mdo-hydroper- 
oxides (85:15) is formed from either perester in the presence of oxygen at pressures up to ca. 600 atm. These 
results suggest that the same intermediate free radical is formed directly in a planar configuration from these 
isomeric perester sources. Relative rates of both decomposition and product formation are consistent with 
involvement of torsional effects and a planar radical center.

I t  has become well accepted that the most generally sources (1 cis and trans, 2 cis and trans). In the pres-
stable configuration of alkyl free radicals is planar. ence of oxygen, hydroperoxides are formed which may
The most compelling data leading to this conclusion are be reduced to alcohols for analysis to show the existence 
from physical chemical measurements (esr results) ;2 of any stereospecific reactions. Oxygen was built up to
however, some of the chemical data (product study re- high concentrations by use of pressures up to 600 atm.
suits) have been interpreted to indicate nonplanar con
figurations for intermediate radicals.*'4 While planar CHw —
configurations seem the preferred arrangement, it is also 4 \ _ / \  i o CH;J /— \ CHj
possible that most unconjugated free radicals may be H if- 0 — 0— C (CH3)3 — ——— ►  Y  V
initially formed in a nonplanar state. Initial radical  ̂ 2 re uct‘°n H*\— / * 0H
centers may retain (for only a very short time) the 2 cis (shown)
tetrahedral configuration of their precursors. Phys- CiS 8 own 2 t rans

ical measurements, like esr spectra, would yield no in- trans
formation about such metastable initial states, and !\ O K
stereochemical products studies would indicate non- 1 ^ 7  II
planar radicals only when some further reaction rapidly — O—O— C(CH3)3 — — —► /^ ^ Z o E
intercepts the initial radical. From two different iso- f f
meric sources of radicals, the products could be different Chfi CH3
if the radicals were first formed in different configura- 3 exo (shown) 4 exo (shown)
tions (or conformations) and, second, if they were 3 endo 4endo
rapidly swept up by a trapping agent. These condi
tions were clearly obtained in some stereospecific reac- Results
tions of isomeric 9-decalyl radicals/ When generated 1,4-Dimethylcyclohexyl System .-The cis- and trans- 
from cis and trans perester decompositions and treated 1,4-dimethylcyclohexane carboxylic acids, m -l-C 0 2H 
qmc dy with the highly effective trapping agent oxygen and irons_i_C0 2H, required for preparations of the
decalyl radicals have a memory of their origin which isomeric peresterSj were prepared by Diels-Alder re
may be due to configurational differences at C-95a and/
or conformational differences in the rings.6b . CH3 C02Et i.a CH3 *  CH3

To find out if such initially different radicals may also f  Y  2,-NaOH !  PC02H
be shown to exist m other systems, we have generated A  \ Y
1,4-dimethylcyclohexyl radicals and 2-methylnorbornyl 3
radicals in solution each from two different isomeric

(1) Research sponsored by the  U. S. Air Force Office of Scientific R esearch, ^ J I ^ P 'O C ^ I I
th e  Petroleum  Research F und  adm inistered by  the  American Chemical CH3
Society, and  the  N ational Research Council of C anada. 5

(2) R . W. Fessenden, J . Phys. Chem., 71, 74 (1967); M . K arplus and G.
K. Fraenkel, ibid., 36, 1312 (1961); R. W. Fessenden and R . H. Schuler, action of methyl methacrylate with isoprene.6 After
ibid., 39, 2147 (1963), and references therein. i i i £ , , .  £ ,  ̂ • i

(3) W. A. Pryor, “ Free Radicals,” M cGraw-Hill Book Co., New Y ork, hydrolySIS OI the esters, Separation OI the SOlld 1,4 acid
n . y „ 1966, p 30. from the liquid 1,3 isomer was by crystallization. Hy-
n o t V a)rF/ D ' Preene,.^ ,C„cUband/' 84, 246j drogenation of the methyl ester of pure 1,4 acid 5 then(1962); J . Org. Chem., 29, 1285 (1964). (b) F. G. Bordwell, P. S. Lanis, and 55 „ „ o r ,  • , , ,  ,  , • .  , ™  .
g . s. W hitney, ibid., 3o, 3 7 6 4  (i96s). (c) w. o. Haag and e . i. Heiba, gave a 62:38 mixture of trans-1 and C IS -1 esters. This
Tetrahedron Lett., 3679 (1965).

(5) (a) P. D . B artle tt, R . E . Pincock, J. H . Rolston, W. G. Schindel, and (6) I. N. Nazkrov, A. I. K uznetsova, and  N. V. Kuznetsov, Bull. Acad.
L. A. Singer, J . Amer. Chem. Soc., 87, 2590 (1965); (b) F . D. Greene and Sci. U SSR , Div. Chem. Sci., 8, 1362 (1959); I. N . N azkrov, A. I. Kuznetsova,
N. N . Lowry, J . Org. Chem., 32, 875 (1967). and N. V. K uznetsov, J. Gen. Chem. U SSR , 25, 75 (1955).
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tentative assignment of cis and Irons structures to these II). In glyme, under 1 atm of oxygen, the products
esters comes from the expectation7 that the trans isomer, after LiAlH4 reduction were cis- and trans-1,4-dimeth-
with a carbomethoxy group predominately in an -axial ylcyclohexanol and the two olefins, 1,4-dimethylcyclo-
(less accessible) position,8 would have a shorter reten- hexene and 4-methylmethylenecyclohexane. In the
tion time on glpc analysis. Separation of these esters presence of 1 (or more) atm of oxygen pressure the
by preparative glpc, followed by hydrolysis, gave trans- intermediate free radicals are diverted from hydrogen
1 acid, mp 46.5-47°, and cis-1 acid, bp 148-150 (19-21 atom transfer from the solvent and no cis- or frcms-1,4-
mm). The isomeric peresters were then prepared by dimethylcyclohexane was formed,
the reaction of the corresponding acid chlorides with the
sodium salt of f-butyl hydroperoxide. T a b l e  II

The stereochemical assignment of cis and trans P roducts of D ecom position  o f  l-(CARBo-i-BUTYLPERoxY)- 
structures, based at first on glpc retention times of cis~AND -irans-l,4-DiMETHYLCYCLOHEXANEs in  C u m en e  at 60° 
esters, is supported by the nmr spectra of isomeric .-Moi of product/moi of perester—
esters, acids, acid chlorides, and peresters. in all cases ^ , /f ^
the isomer assigned to the trans series (axial carbonyl ar on 10X1 e ( y pressure) . .
function) showed two broad downfield peaks at r 7-8 ¿-Butyl alcohol yW61g 0 87 0 78
not present in the spectra of th e m  isomers. This fea- clV arid irares-l,4-dimethylcyclo-
ture apparently arises from deshielding of the axial pro- hexane 0.31 0.36
tons at C-3 and C-5 by the C-l carbonyl function. In (1 7 % cis) (18% cis)
addition, it is interesting to note that, just as cis-1,4- (83% trans) (82% trans)
dimethylcyclohexane has a higher refractive index than 4-Methylmethylenecyclohexane 0.16 0.18
its trans isomer,9 the cis isomer of ester, acid chloride, 1,4-DimethyIcyclohexene 0.14 0.15
and perester had the higher refractive index.

Rates of thermal decomposition of the 1,4-dimethyl- At higher than 1 atm of oxygen the solvent that was 
cyclohexyl peresters were determined in cumene so- used was a 25:1 (v/v) mixture of Freon T F  and
lution. Variation of concentration or addition of in- glyme, respectively. This mixed solvent was chosen
hibitors produced no change in the observed first-order because of the stability of the Freon in the presence of
rate constants (see Table I). Although the cis perester high pressures of oxygen,10 and the glyme served as a

good source of hydrogen atoms. From this solvent the 
T a b l e  I  product hydroperoxides were reduced to alcohols by

R a t e s  of D ecom position  o f  1 -(C akbo-£-b u t y l p e r o x y )- cata.ytic hydrogenation prior to analysis. The hydro-
cis- and -¿rans-l,4-DiMETHYLCYCLOHEXANEs in  C u m en e  genation procedure was checked by comparing the re-

Temp, Concn, k, x io'\ suits of hydrogenation of half of a decomposition solu-
Perester °c m seo~i tion with those obtained by reduction of the other half
dsa 60.0 0.0441 7.52 with triphenylphosphine. There was no change in the

0 0444' 7.74 cis/trans product ratio. Also the stability of the prod-
70 ■ 0 0 •0433 26 ■6 uct hydroperoxides at the temperature of the product

o 0 0 4 4 1  84 9 mnS WaS s^own ^  putting half of a decomposition so-
0 447 g5 7 lution back in the heated bomb under oxygen for an

additional 40 hr. Again there was no change in the 
transb 60.0 0.169 6.83 cis/trans alcohol ratio nor in total yield of alcohol (45-

0 .0365 6.93 60% after reduction, transfer, and concentration of the
0.0359 25.2 solutions before analysis). Table I I I  summarizes the
0.353 25.7
0.0417 77.9 T a b l e  III
0.0407d 79.6 P roducts o f  T h erm a l  D ecom position  of 1 -(C a rbo -<-

« AH *  = 27.5 kcal/mol, AS* = 5.07 eu. b AH *  =  27.8 BUTYLPEROXY)-a's- and -irans-l,4-DiMETHYLCYCLOHEXANES
kcal/mol, AS* = 5.75 eu. c Contains 0.009 M  2,5-di-i-butyl- in  t h e  P r e s e n c e  of Ox y g en
hydroquinone. d Contains 0.10 M  2,6-di-f-butyl-4-methyl- 1,4-Dimethyl-
phenol as inhibitor. O2 pressure, ,------cyclohexanols------,

Perester Tem p, °C a tm  %  trans %  cis

consistently gave a slightly greater rate constant than trans ^  0 2 4° 446
the trans isomer, the decomposition rates and activation 4Q
parameters are essentially identical. 310 59 41

The products of decomposition of cis and trans per- 42»
esters in degassed cumene at 60° were also identical 60 ±  5 610 58 42
within experimental error of the glpc analysis (Table cis 60 ±  0.2 1- 58 42

60 ±  5 51 59 41
(7) E . L. Eliel, N. L. Allinger, S. J .  Angyal, and G. A. M orrison, “ Con- 7Q 5  290 56 44

form ational Analysis,”  John  Wiley & Sons, Inc ., New York, N . Y., 1965, p 177. ^
For a specific example of configurational assignm ent by  glpc to  4-m ethyl- " '
cyclohexanecarboxylate esters, see E . L. Eliel, H . Haubenstock, and R. V. a In glyme, and reduced with LiAlH-i; all others in Freon TF—
A charya, J . Amer. Chem. Soc., 83, 2 3 5 1  (1961). glyme (25 m l:l ml) and hydrogenated except as noted. b After

(8) The predom inate conformations of the  1,4-dimethylcyclohexyl car- twice the usual decomposition time (stability check). c Reduced 
bonyl compounds (1) are  likely those with the  C-4 m ethyl group equatorial; with triphenylphosphine.
see th e  example of 1,4-dimethylcyclohexanol reported by  J . J . Vebel and ----------------------
H . W . Goodwin, J . Org. Chem., 33, 3317 (1968). trans-1 compounds would (10) U nderw riter’s Laboratories R eport MH-3072, “ T he C om parative
then  have a  predom inately C -l axial carbonyl function. Life, F ire and Explosion Hazards of Freon-113,” 1941; see also Chem. Eng.

(9) See ref 7, p 172. News, 43 (24), 41 (1965).
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relative yields of alcohols from the 1,4-dimethylcyclo- T able VI
hexyl peresters from various runs under different pres- Products« of T hermal Decomposition
sures of oxygen. From 1 to 610 atm, the yields of cis of exo- and endo-2-(CARBo-f-BUTYLPERoxY)-2-
alcohol to trans alcohol (42% cis, 58% trans) were in- methylnorbornanes in the Presence of Oxygen
dependent of oxygen pressure. 2-Methyi-a-

2-Methyl-2-norbomyl System.—The 2-methylnor- „ norbomanoi®
bornyl peresters (exo-3 and endo-3) were prepared from Perester Temp, °c atm methyl methyl
the known acid chlorides and sodium i-butyl peroxide. exo 65 ± 0.2 l6 85c 15
Good first-order decomposition of the exo isomer 60 ± 0.5 280 85« 15
occurred in cumene, but the endo isomer gave an in- 85 15
creasing rate (and some scattered points) after one or 70 ± 5 600 84 16
two half-lives. However, a sample of endo perester endo 65 ± 0.2 P 85 15
especially freed from traces of acid chloride gave, at 60 ± 0.5 270 86 14
high perester concentration, a good first-order kinetic __ , _ , ^i i i i » i i i  p i i i 7 U —L u.o oou Idplot and a rate constant the same as iound at low con- . T . „ „ .  ̂ _. . .  a i * rr ui Tir 4-h • j a After hydrogenation. b In glyme; all other runs m Freon TF
centrations. As shown in Table IV the exo isomer de- (25 ml)-glyme (1 ml). «Analyzed before concentration by
composes about seven times faster than endo isomer. distillation of the solvent.

T able IV
Rates of Decomposition of exo- and endo-2-(CAUBo-t- either exo or endo perester (85.15 with endo-2-methyl-2-

butylperoxy)-2-methylnorbornanes in Cumene norbornanol, i.e., exo OH group, the major isomer).
Temp, Concn, ki X 105,

Perester °C M sec“* DisCUSSion
exo» 60.0 0.0333 7.78

65 0 0.0314 14.4 The high yields of C 0 2 and the absence of carbonyl-
70.0 0.0340 27.5 containing products from the four peresters studied

0.0316« 28.2 here indicated that the formation of alkyl radical, C 0 2,
75.0 0.0320 48.9 and i-butoxy radical occurs directly (in one step) from
80.0 0.0339 89.3 the peresters. For formation of tertiary free radicals

0 •165 90 ■ % from peresters this is the expected mechanism,11 and the
endob 7 5  0 0.0319 7.35 rates and activation parameters of the peresters are

g®'® 0 0 3 1 9  26 4  similar to those of known peresters decomposing by such
go o 0 0328 48 1 a concerted path. It is the structure of the initial rad-

0 1 5 9  4 5  9  ical that is the question of special interest here.
9 5  0 0.0322 84.1 Lorenz, Riichardt, and Schacht12 have presented kinetic

• aH *  = 27.9 kcal/mol, AS* = 6.31 eu. b AH* = 30.3 studies of cycloalkyl peresters which suggest that, at the
kcal/mol, AS* = 9.33 eu. «Contains 0.10 M 2,6-di-£-butyl-4- transition state for decomposition, the radical sites re-
methylphenol as inhibitor. main nonplanar. As it is also known that there is rela

tively little preference for planarity in free alkyl rad- 
As with the cyclohexyl peresters, the products of de- icals,13 there could be an initial state after the transition

composition of isomeric norbornyl peresters in degassed state in which the radical remains in a nonplanar con-
cumene were the same from both sources (Table V). figuration. With 9-decalyl radicals the conversion of a

nonplanar radical center to a planar state can occur 
T able V only with concomitant movement of part of the ring

Products of Decomposition of exo- and endo-2-(CARBo-£- system in a manner similar to a chair-chair intercon-
butylperoxy)-2-methylnorbornanes in Cumene at 60° version.6® Any questions concerning possible re-

'—Moi of product/moi of perester— straints on a pure configurational change of the radical
Product 6X0 endo center were blurred out by the requirements for this

Carbon dioxide (by pressure) 0.97 1 . 0 2  conformational change. With the isomeric 2-methyl-
(by weight) n 7 s n se norbornyl and 1,4-dimethylcyclohexyl radical sources

t- uty a coio . (I and 3) no complex conformational changes are neces-
norbornane (7 % exo) (13% exo) saiT to produce a planar radical center; a methyl group

(93% endo) (87% endo) need only move into a plane with other atoms attached 
2-Methyl-2-norbornene 0 . 1 2  0.14 to the radical center. Although an extremely efficient
2-Methylenenorbornane 0.19 0.24 radi cal trap at high pressures was used in our attempt to

intercept this movement, it is perhaps surprising to few 
The percentages of exo- and endo-2-methyl-2-norborn- that no stereospecific trapping was obtained. Since
anols formed in the presence of various pressures of oxygen trapping did not succeed in demonstrating a
oxygen are given in Table VI. After reduction of the “memory” of origin on the part of these alkyl radicals,
product solutions by hydrogenation the 2-methyl-2- it seems unlikely that any external trapping agent would
norbornanols were the only products analyzed, although be able to do so. 
numerous other unidentified peaks appeared in the glpc
tracings. Many of these Compounds Undoubtedly arise (ip P. D. Bartlett and R. R. Hiatt, /. Amur. Chem. Soc., SO, 1398 (1958).
from oxidation of the solvent. The yields of alcohols (12) P- Lorenz, C. Ruchardt, and E, Schacht, Tetrahedron Lett., 2787
were only 15-25%; however, their ratio was found to be Cf L F Humphrey, B. Hodgson, and R. E. Pincock, Can. J. Chem.,
independent of oxygen pressure and was the same from 46,3 0 9 9  (1968), and references therein.
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9-Decalyl radicals therefore remain unique as a case 83%  trans and 17% cis 1 ,4-dimethylcyclohexane was
in which isomeric initial cyclohexyl radicals have been formed. As expected,18a the less selective reagent
proven. It seems this difference is not due to any in- oxygen gave a more statistical 58%  trans and 42%  cis
nate hesitancy on the part of initial radical centers in product. In the norbornyl case the greater torsional
becoming planar, but is due to a lag in obtaining a con- effects present would strongly favor exo attack of rea-
formationally more stable state in the cyclic ring gent;16 the percentage found for H transfer from cumene
system. Indeed, it has been suggested that the decalyl was 94%  exo approach yielding endo-2-methylnor-
radical center may be formed in a planar state from bornane (Table Y ), and, for reaction with oxygen, 85%
both cis and trans peresters even though conformational exo attack yielding 2-methyl-ea:o-2-norbornanol (Table 
differences in the rings still remain.5b In this regard, VI).
evidence for two conformationally different 9-decalyl In summary, the radicals from the tertiary peresters 
cations, both with planarity at the 9 atom, has recently studied here are probably formed directly in a planar
been presented. 14 state and these give nonstereospecific products. The

Stereospecific trapping of isomeric radicals by an restraints present in more complicated cyclic systems 
internal agent (i.e., reaction of geminate caged radicals) (which give rise to memory effects in 9-decalyl radicals)
may account for formation of different products from seem to be just barely sufficient to give stereospecific
isomeric radical sources. 15 With 1,4-dimethylcyclo- trapping by a highly reactive external reagent. It
hexyl radical reacting with i-butoxy radical as a caged seems that a relatively slow conformation change of the
pair, the same ratio of olefins is formed from either cis ring system accounts for the existance of two very
or trans source. If the newly formed radicals retain short-lived decalyl radicals. Whether such a property

can be attained by some complex acyclic system re- 
/  \ _  I unr/ru mains to be seen, but it is clear that restraints more in-

3~ \  /  3 ( 3 3  cumbering than the movement of a simple methyl
^  group must be present.

CH3 '\ /* CH3 '0(-̂ CĤ 3 Experimental Section19
- J ^ Materials.—Cumene was stirred with concentrated sulfuric

_/  \ „„ acid, then refluxed over sodium for 24 hr, and distilled through
Cn3 \ + HU(J(Cli3)3 a Vigreux column, taking a center cut with bp 152-152.2° at 761

mm. Freon TF (l,l,2-trichloro-l,2,2-trifluoroethane) was
, i r ,  • supplied by Du Pont and used without further purification, orany individual structural features similar to the ong- ^  oyJ  and distiUed from magnesium sulfate, bp 4 7 .4 -4 7 .5 °

inal peresters, this individualism does not last even atTŜ mm. Glyme (1,2-dimethoxyethane) was refluxed over and
long enough to give different products within the cage. distilled from sodium through a Vigreux column. The distillate
As movement of only a methyl group is sufficient to was treated with lithium aluminum hydride and distilled, bp
make the radicals planar, it is probable that radicals 85° at 75(1 ”im- Petroleum ether (bp 30-60 )iwas Seatedl with, . . 1 f, , .r , , concentrated sulfuric acid and then distilled from sodium,
from isomeric sources are made identical, if not at the Fractions with several different boiling points were used, 
transition state, immediately thereafter. l,4-Dimethyl-3-cyclohexene-l-carboxylic Acid (5).—The dis-

A movement of the groups of the 2-methylnorbornyl tilled product (258 g) from the Diels-Alder reaction6 of isoprene 
peresters during the development of the transition states an<l methyl methacrylate was refluxed for 1.5 hr with 340 ml of 
is cons,stent with their rektjve rates of decomposition. B i S S l S !
For the endo compound, bchleyer S suggestion 01 a de- extraited into ether. The ether solution was dried and evapo-
stabilizing torsional effect as the exo methyl group rated and the residual oil was cooled to 5° to crystallize. After
sweeps past the bridgehead hydrogen atom may ac- filtration and recrystallization from methanol-water at about
count for the slower rate of reaction of this isomer. - 5 % the yield of white crystals, mp 64.5-66 Jit.* mp 62-63 ),

. , p , ,, , » was 13.0 g. Analysis by glpc of the methyl ester (from ethereal
The exo perester leacts faster as the movement of the diazomethane) showed that the 1 ,3 -dimethyl isomer was absent.
2-methyl {endo) group does not eclipse it with the Separation of 1-Carbomethoxy-cf.s- and -lrans-1,4-dimethylcyclo- 
bridgehead C-H  bond.17 hexanes.—l-Carbomethoxy-l,4-dimethylcyclohex-3-ene (30.8 g)

The products of reaction of the radicals can also be from the corresponding acid plus ethereal diazomethane was
rationalized on the basis of a torsional effect. In the hydrogenated at room temperature and pressure in 1 0 0  ml of 95%.. - 1 , , v , , . r • 1 , ethanol using 3.0 g of 10% palladium on charcoal as catalyst,
reaction of cyclohexyl radicals, a favoring of axial at- Hydrogen consumption ceased at the theoretical value. Analysis
tack on R- (planar) would be expected to promote for- by glpc, after filtration and evaporation of the ethanol, indicated
mation of trans product.18 For hydrogen atom transfer, 62% trans ester (l-C02CH3) and 38% cis ester (l-C02CH3). No

unsaturated starting material was detected by glpc.
(14) A . F . Boschung, M . Grisel, and C. A. Grob, T e tra h e d ro n  L e tt. , 5169 The c is  and trans esters were separated by preparative-scale

(1968). See also I t .  E . H orn ish , G. L iang, and R. C. F o rt, J r., A bstracts , glpc (500-̂ 1 samples) on a Model A-700 “Autoprep” fitted with
the  158th N a tio n a l M eeting  Am erican Chem ical Society, New Y o rk , a p)-:t Carbowax 20M on 60-80 mesh Chromosorb W column
N . Y ., Sept 1969, O R G N -2 . a t  1 5 0 ° and a flow rate of 63 cc/min. The cis and trans isomers
„ (i.f\% EA,“ ' ^ - - .  ■ 'A . I - t r o d n e t io n  to  Physica1 Organic Chemis- were g ated by 1 0 _ U  min under these conditions. Collection
try , Johns W iley & Sons, In c ., New  Y ork, N . Y „  1968, p 352-359; E . I .  *  J  20 3 V o f  trans e s te r (nwD 1 4405) a n d  13 7
Heiba and R. M . Dessau, J .  A m e r.  C hem . Son., 89, 2238 (1967); H . M . w a s  ° U t o  e m c ie n t,  a n a  /U .d  g  OI trans e s te r {n D 1-M U O  a n a  1 0 . 1

W alborsky and C. Chen, ib id . ,  89, 5 4 9 9  (1967); M . J. S. Dewar and J. M . g °f « 8  ester (nwd  1.4459) were obtained. Efficiency of the separa-
H arris, ib id . ,  91, 3653 (1969). tion was checked by reinjection on a 6 -ft TCEP or 10-ft Carbowax

(16) P. von R. Schleyer, ib id . ,  89, 699, 701 (1967). 20M column, and both isomers were found to be >99% pure.
(17) Decompositions of peroxy compounds leading to  n o rb o rn y l radicals These glpc-collected samples were used without further puri-

have re la tive  e x o /e n d o  rates of ca. 4 -10 ; (a) P. D . B a rtle t t and R. E . P in - f ic a t io n .
cock, ib id . ,  84, 2445 (1962); (b) H . H a r t and F. J. Chloupek, ib id . ,  85, 1155 
(1963); (c) P. D . B a rtle t t and J. M . M cB ride , ib id . ,  87, 1727 (1965).

(18) See fo r example (a) F. R . Jensen, L . H . Gale, and J. E . Rodgers, (19) F u rth e r details can be obtained fro m  the P h .D . Thesis o f W . Schindel,
ib id . ,  90, 5793 (1968); (b) C. L . Osborn, T . V . Van Auken, and D . J. Trecker, U n ive rs ity  of B r it ish  Colum bia, 1968, available on m icro film  th rough  the 
ib id . ,  90, 5806 (1968). N a tio n a l L ib ra ry  o f Canada, Ottawa.
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Anal. Calcd for C10H18O2: C, 70.55; H, 10.66. Found (cis mp 96.0-96.2° (lit. mp 92-93°,23 97.5-98.50).24 The observed
isomer): C, 70.29; H, 10.74. Found (trans isomer): C, 71.00; and reported nmr spectra were in agreement, and the methyl
H, 11.03. esters (from etheral diazomethane) of our samples showed the

trans- 1,4-Dimethylcyclohexanecarboxylic Acid.—1-Carbo- absence of isomeric impurities. The acid chlorides were prepared
methoxy-lrans-l,4-dimethylcyclohexane (15.0 g) was heated and by reaction of the acids with thionyl chloride, 
stirred for 21 hr with 45 ml of 40% aqueous sodium hydroxide exo-2-(Carbo-l-butylperoxy)-2-methylnorbornane (exo-3).—A
to which had been added 6  ml of ethanol. The precipitated salt stirred suspension of 2.5 g of sodium ¿-butyl peroxide in 40 ml of
was collected by filtration, washed with ether, and dissolved in anhydrous ether was cooled to 0°. Over a 15-min period, 3.5 of
hot water and the carboxylic acid was generated with con- 2 -methylnorbornane-2 -ezo-carbonyl chloride in 1 0  ml of dry 
centrated hydrochloric acid. The white solid (13.5 g) was re- ether was then added from a dropping funnel. Half an hour
crystallized from methanol-water (recovery of 8 8 %), mp 46.5- later, 0.5 g of sodium ¿-butyl peroxide was added, and finally,
47°. after 3 hr, another 0.2 g of sodium salt was added. After a total

cfs-l,4-Dimethylcyclohexanecarboxylic Acid.—The cis acid was time of 4 hr at 0° the reaction mixture was filtered; the salts and
prepared by refluxing 8.0 g of 1 -carbomethoxy-cfs-l,4-dimethyl- paper filter were washed well with dry ether. The ether solution
cyclohexane with 25 ml of 40% aqueous sodium hydroxide and was then extracted with one 10-ml portion of water, two 10-ml
3.0 ml of ethanol for 4 hr. After acidification and extraction the portions of 10% sulfuric acid, four 10-ml portions of 10% sodium
product was distilled, bp 148-150° at 19-21 mm, with 85% carbonate, two 10-ml portions of distilled water, and one 10-ml
yield. Koch and Haaf20 reported synthesizing both 1,4-dimethyl- portion of brine, dried over magnesium sulfate, and rotary evapo-
cyclohexanecarboxylic acids (mp 35° for one isomer, bp 143° rated at ~20° to yield 4.32 g of liquid containing ¿-butyl hydro-
(20 mm) for the other), but did not specify which isomer was peroxide (as shown by the infrared spectrum). This crude prod-
cis and which was trans. uct was taken up into 50 ml of pentane, washed 10 times with

trans-1,4-Dimethylcyclohexanecarbonyl Chloride.—Reaction 10-ml portions of distilled water, and dried over magnesium sul-
of 10 g of trans acid with 30 ml of thionyl chloride at room tern- fate, and the solvent was rotary evaporated as above. The
perature for 15 hr, followed by 2 hr of refluxing, yielded 9.8 g last traces of solvent were removed by pumping down to 1-3
(8 8 %) of colorless liquid, bp 88-89° (14 mm),or 30.5-31° (1.3- mm at room temperature for a short time. The colorless oil
I. 5 mm), h ’ d  1.4605. (3.77 g, 82%) had 7tl9-6D 1.4674. A second preparation gave

Anal. Calcd for C9Hi5C10: C, 61.89; H, 8 .6 6 ; Cl, 20.29. perester with nls-6d  1.4675 in 87% yield.
Found: C, 61.99; H, 8.53; Cl, 20.50. Anal. Calcd for C13H22O3: C, 68.99; H, 9.80. Found: C,

cis-1,4-Dimethylcyclohexanecarbonyl Chloride.—cis-l,4-I)i- 69.15; H, 9.75.
methylcyclohexanecarboxylic acid (10.0 g) with thionyl chloride, eredo-2-(Carbo-(-butylperoxy)-2-methylnorbornane (endo-3).—
as with the trans isomer above, gave the corresponding acid chlo- The preparation of the endo perester from the acid chloride was
ride, bp 89.5-90° (12.5 mm). The yield was 10.4 g (93%), identical with that of the exo perester. The yield was 4.14 g
n22d 1.4673 orra22-6D 1.4670. (90%) of clear, colorless perester, n18%> 1.4652. Perester, with

Anal. Calcd for C3H15CIO: C, 61.89; H, 8 .6 6 ; Cl, 20.29. ?i19-6d 1.4650, was obtained in 8 8 % yield from a second prepara-
Found: C, 61.95; H, 8.41; Cl, 20.63. tion.

l-(Carbô -butylperoxy)-frans-l,4-dimethylcyclohexane (1).— Anal. Calcd for C13H22O3: C, 68.99; H, 9.80. Found: C,
To a stirred suspension of 4.0 g of sodium ¿-butylperoxide in 50 69.09; H, 9.76.
ml of anhydrous ether at 0° was added dropwise over 20 min 5.0 Authentic samples of the alcohols cis- and trans-2 and exo- and
g of ¿rans-l,4-dimethyIcyclohexanecarbonyl chloride in 10 ml of endo-4, and various olefins were prepared for glpc comparison
dry ether. After stirring for 4 hr at 0°, 20 ml of distilled water with product solutions. Addition of méthylmagnésium iodide
was added and stirring was continued for 15 min. Then 50 ml to 4-methylcyclohexanone gave 46% trans alcohol 2, mp 71.5-
of purified petroleum ether (30-60°) was added, the water layer 72° (lit. 26 72.5°), and 54% cis alcohol 2, a liquid at room tem-
was separated off, and the organic phase was washed with two perature (lit. 26 mp 24°). Pure samples of each isomer were ob-
10-ml portions of cold 10% sulfuric acid, five 10-ml portions of tained by glpc. 1,4-Dimethylcyclohexane was prepared by
1 0 % sodium carbonate, five 1 0 -ml portions of distilled water, action of phosphorous oxychloride in pyridine on cis and trans
and one 20-ml portion of brine. The solvent was removed by alcohol 2. 4-Methylmethylenecyclohexane was prepared by the
rotary evaporation at about 15-20°, and the resulting oil taken procedure of Greenwald, et al.,26 and obtained pure by glpc.
up in 50 ml of purified petroleum ether (40-41°) and washed well cis- and ¿rons-l,4-dimethylcyclohexanes were separated from a
with distilled water and once with brine to remove the ¿-butyl commercial mixture by glpc and identified by refractive indices,
hydroperoxide present. Drying over magnesium sulfate, fol- 2-Methyl-erado-2-norbornanol (endoA), mp 31.5-33.0° (lit. 27

lowed by thorough rotary evaporation, gave 5.30 g (81%) of a mp 32.5-32°), was obtained by Grignard reaction with nor-
clear, colorless oil with » “ -‘ d  1.4470. camphor. The isomer (exo-4 ) ,  mp 80-80.7 (lit. mp 82-82°), was

Anal. Calcd for Ci3N2<03: C, 68.38; H, 10.59. Found: C, obtained by the procedure of Brown. 28 2-Methyl-2-norbornene
67.93; H, 10.46. and 2-methylenenorbornane, prepared by dehydration of 4, were

l-(Carbo-l-butylperoxy)-cfs-l,4-dimethylcyclohexane (1).— separated by glpc and identified by their nmr and infrared spec-
This perester was prepared from 5.0 g of the corresponding cis tra. A mixture of 84% endo- and 16% eæo-2-methylnorbornane
acid chloride (XVI) and 4.1 g of sodium ¿-butylperoxide in a was prepared by hydrogenation of the mixture of olefins obtained
manner analogous to the trans isomer. The yield was 5.5 g by dehydration of 2-methyl-2-norbornanol.
(84%) of very pale yellow liquid with n20 bd 1.4501. A second Kinetic studies19 were carried out by infrared analysis of
preparation gave î i 20d  1.4496. individual sealed samples as previously described. 29 A Perkin-

Anal. Calcd for C13H240 a: C, 68.38; H, 10.59. Found: C, Elmer Model 137-B spectrophotometer was used with matched
68.56; H, 10.47. 0.523-mm sodium chloride cells.

The above are typical preparations, and more perester was Product studies19 in degassed cumene were carried out as
prepared in a similar fashion when needed. One preparation of previously described. 29

the cis perester showed a weak to medium peak at 1810 cmr1 in Product Studies at High Oxygen Pressures.—The general
the ir spectrum (possibly anhydride). Some preparations in- procedure was as follows. The desired perester, 0.50 g, was dis-
dicated unreacted acid chloride was present (infrared spectrum), solved in 25 ml of Freon TF, 1 ml of glyme was added, and the
and this was removed by putting the perester back to stir with solution was placed in the glass liner of a steel, high-pressure
more sodium salt. The peresters were stored at —10 to —15°. . -------------
Neither compound crystallized.  ̂  ̂ (23) S. Beckmann, R . Sehaber, and R . Bamberger, C hem . B e r ..  87, 997

exo- and endo-2-methyl-5-norbornene-2-carboxylic acids were (1954). 
separated by the iodolactonization procedure of Rondestvedt, and (24) W . R. Boehme, E. Schepper, W . G. Seharpf, and J. N ichols, J .  A m e r.

Ver Nooy. 21 Hydrogenations then gave the exo acid (3 ), mp c h e m . S oc., 8 0 , 5488 (1958).
51.3-52° (lit. mp 50.5-51.6°,22 52-53° 23), and the endo acid (3) (25) G. Chiudoglu, B u l l .  Soc. C hem . B eiges, 47, 241 (1938).

(26) R. Greenwald, M . C haykovsky, and W . J. Corey, J .  O rg . C h e m ., 28, 
-----------------------  1128 (1963).

(20) H . Koch and W . H aaf, J u s tu s  L ie b ig s  A n n .  C h e m ., 618, 251 (1958). (27) J. Paasivirta, S u o m e n  K e m is tü e h t i ,  B , 36, 156 (1963).
(21) C. S. Rondestvedt and C. O. Ver N ooy, J .  A m e r.  C h em . S oc., 77, (28) H . C. B row n, J. H . Kawakam i, and S. Ikegam i, J .  A m e r .  C hem . Soc.,

4878 (1955). 89, 1525 (1967).
(22) P. D . B a rtle tt, E . R . W ebster, C. E . D ills , and H . G. R ichey, Jr., (29) P. D . B a rtle tt, E. P. Benzing, and R . E . Pincock, ib id . ,  82, 1762

J u s tu s  L ie b ig s  A n n .  C hem ., 623, 217 (1959). (1960).
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bomb (50 ml in volume) supplied by the Parr Instrument Co. Solutions were analyzed by glpc using Varian-Aerograph A~
The apparatus was flushed several times with oxygen, and oxygen 90-P and Perkin-Elmer Model 226 gas chromatographs. Prod-
was then introduced into the bomb at the desired pressure, mak- ucts were identified by peak enhancement on addition of authentic
ing a rough allowance for the increase in pressure on raising the compounds. Yields were obtained by comparison of peak areas
temperature. The bomb was then heated, without agitation, with those obtained from standard samples. Separation of exo
to 60 or 70° by means of a custom-made heating mantle for the and endo alcohols 4 was by use of a 150 ft X 0.01 in. (i.d.)
desired length of time, measuring the temperature (±5°) by a Quadrol capillary column. Other separations were accomplished
thermocouple. The pressure fluctuated somewhat (±5-15%), by various standard columns.19

especially at the higher pressures, and values reported are 
“averages.” The bomb was then allowed to cool to room tem
perature before slowly releasing the oxygen. Because Of possible Registry No.—1,4 - Dimetbylcyclohexyl radical,
explosions, strict safety precautions (special explosion-proof /*o i r» ,1 , , i *
rooms, remote control of the bomb at all times, etc.) and proper 24151-68-6, 2-methylnorbornyl radical, 24212-34-8, 
equipment are mandatory. ¿rans-l,4-dimethylcyclohexanecarboxylic acid, 24097-

The products from decompositions using Freon TF were 70-9; m-l,4-dimethylcyclohexanecarboxy]ic acid, 
reduced by hydrogenation. In a typical reduction, the solution 24097-71-0; irans-l,4-dimethylcyclohexanecarbonyl 
from the decomposition was transferred, alone with ether or i ■* • * r>Ana>7 no 1 • A i- i i
Freon TF washings, from the bomb to the glass bottle of a chlor de 24097-72-l; m-l,4-dimethylcyclohexanecar-
Parr hydrogenator. Catalyst, 0.50 g of 10% palladium on bonyl chloride, 24097-73-2) CIS-1, 24097-65-2) Ivans-1,
charcoal, was added, and hydrogenation carried out for about 1.5 24097-66-3; CiS-I-CO2CH3, 23250-42-2; trans-l-CO2CH3,
hr at ambient temperature and an initial hydrogen pressure of 23059-38-3 ; exo-3, 24162-40-1; endo-3, 24097-69-6.
approximately 50 psi. The catalyst was removed by filtration, 
and the solution concentrated by distillation at atmospheric 
pressure through a 4-4.5-cm column (packed length) filled with
perforated stainless steel plates, followed by pumping down twice Acknowledgment.— We thank Professor H. C. Brown
to ca. 180 mm on a rotary evaporator. Concentration was and Dr. M.-H. Rei for information concerning separa-
necessary since the solvent interfered with glpc analysis on the tion of 2-methylnorbornanols. We gratefully acknowl-
standard O ̂ S-in.-diameter columns when iarge sampltj (neces- ed a National Research Council Fellowship for
sitated by the dilute nature of the solution) were injected. Prod- TT7°„  „ . . . .  , n t-, . ,. r
ucts were not fractionated by this concentration procedure as ” • And an Alfred P. Sloan Foundation Fellowship 
shown by the consistency of the results in various runs. for R. E. P !

K inetics of the Reverse Diels-Alder Dissociation of Substituted Dicyclopentadienes

W il l ia m  E. Fr an klin
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Received October 22, 1969

The kinetics of the dissociation of dicyclopentadienes substituted with alkyl and ester groups were measured.
The effects of these groups on the kinetics of the dissociation are described. The dimer of i-butylcyclopentadiene 
was prepared and found to be 1,4-di-i-butyltricyclo[5.2.1.02's]deca-3,8-diene.

Although kinetics of the dissociation of dicyclo- by a novel and rapid technique using a differential
pentadiene have been the subject of a number of scanning calorimeter,3 and this technique was extended
studies,2 there is very little information in the literature to ether substituted cyclopentadiene dimers which were 
on the dissociations of substituted dicyclopentadienes. available. This communication reports the results of 
In a previous communication from this laboratory,3 these measurements, 
the kinetics of the dissociation of dicyclopentadiene (1)
and the methyl esters of dicyclopentadienemono- Results
carboxylic acid (4-carbomethoxytricyclo [5.2.1.02'6]-
deca-3,8-diene, 2) and dicyclopentadienedicarboxylic 't'ke kinetics of the dissociation reactions were 
acid (4,9-dicarbomethoxytricyclo [5.2.1.02'6]deca-3,8-di- measured with the differential scanning calorimeter,
ene, 3) were reported. which measures directly the rate of absorption or

Reactive dienophile trapping agents removed the evolution of heat in the sample as its temperature is
monomer as it was formed and allowed measurement of being raised at a controlled rate. Liquid samples, such
the dissociation reaction without interference from as the solution samples used in the present work, are in
the dimerization reaction. These dissociations followed a layer of 1 mra or less thickness and are in good
first-order kinetics with respect to the dimer4 and were thermal contact with the heating and temperature 
independent of the nature or concentration of the sensing elements of the instrument. Problems of
trapping agent.3 thermal gradients within the samples are therefore

The previous kinetic measurements had been made largely eliminated in these measurements.
Since the samples are in the form of solutions of

(1) One of the laboratories of the Southern U tiliza tio n  Research and reagents, SUCh aS are Used in more Conventional kinetic
Developm ent D ivis ion . A g ricu ltu ra l Research Service, U. S. D epartm ent of m e a s u r e m e n t s ,  t h e  r e c e n t  C r i t i c i s m s 6 of t h e  U S e of
A gricu lture . /  . .

(2) A . Wasserman, “ Diels—A lder Reactions,”  Am erican Elsevier Pub lish- tx l6 riH O R I1 8< ly t/iC 3 < l IR C to lO C ls t o  O D tR lI l  k i l lC t iC  C18/t>cl Q.0 D O t
ing  Co., New  Y o rk , n .y ., 1965, pp 61-63. a p p l y  t o  t h e  p r e s e n t  m e a s u r e m e n t s .

(3) W . E . F ra n k lin , C. H . M ack, and S. P. Rowland, in  “ A n a ly tica l 
C a lo rim e try ,”  R . S. Porte r and J. F . Johnson, Ed., P lenum Press, New
Y o rk , N . Y ., 1968, pp 181-188. (5) T . A . C larke and J. M . Thomas, N a tu re ,  219, 1149 (1968); J. M .

(4) W . E . F rank lin , C . H . M ack, and S. P. Rowland, J .  O rg . C hem ., 33, Thomas and T . A . C larke, J .  C hem . Soc., A ,  457 (1968); T .  A . C larke, E . L .
626 (1968). Evans, K . G. Robins, and J. M . Thomas, C h em . C o m m u n ., 266 (1969).
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T a b l e  I
D i s s o c ia t io n  o f  D ic y c l o p e n t a d i e n e s

R

R3
Trapping E&, AS*,

Compound R i R 2 Ra agent0 kca l/m o l Log A  g ibbs/m ol

1 H H H A 35.1 13.7 1.1
2 H H CO2CH3 A 32.2 13.5 0.7
3 CO2CH3 H CO,CH3 A 30.5 13.1 1.5

B 30.0 13.3 0.5
C 30.8 13.1 1.4

4 C02C6H5 H C02C6H5 C 29.4 12.8 2.9
5 CHs, H CH3 C 37.1 14.4 4.3
6  H t-CALs t-C4H9 B 27.0 12.5 -3.9

D 27.2 12.7 -3.1
° Trapping agents: A, N-phenylmaleimide in tetraglyme; B, tetracyanoethylene in tetraglyme; C, dibutyl maleate, no solvent;

D, evaporation of monomer from open capsule.

The results of the kinetic measurements of the “ quartet” at r 4.10. These features had been found
reverse Diels-Alder dissociation of the substituted earlier4 to be typical of 1,4 substitution in the dicyclo-
dicyclopentadienes are given in Table I. The Arrhe- pentadiene ring system. By analogy with the “liquid
nius parameters are averages from five or more indepen- dimer” from methyl cyclopentadienecarboxylate,4 the
dent runs for each reaction. The standard deviations dimer of ¿-butylcyclopentadiene is therefore assigned
were 3% or less of the values for the parameters. the structure of endo-l,4-di-i-butyltricyclo[5.2.1.02’6]

The kinetic parameters found for the dissociation of deca-3,8-diene (6). The evidence does not exclude the 
dicyclopentadiene 1 are quite close to those reported by possibility of the 4,7-di-i-butyl isomer.
Khambata and Wasserman6 for the dissociation of The dimethyldicyclopentadiene was the commercially 
dicyclopentadiene as the pure liquid, E & = 35.3 kcal/ available “ methyl cyclopentadiene dimer.”  The nmr
mol, log A = 13.6. The dissociation of the dimethyl spectrum of this dimer showed a ratio of vinyl to
ester of dicyclopentadienedicarboxylic acid 3 was aliphatic protons of 1:5.8, which corresponds to an
measured in the presence of three dienophilic trapping approximately equimolar mixture of 1,4- and 4,9-
agents. The Arrhenius parameters for these reactions dimethyltricyclo[5.2.1.02,6]deca-3,8-dienes (5 ). Gas
were identical within experimental error, thus indicating chromatography showed also that the dimer was a
that the dissociation of the dicyclopentadiene derivative mixture of two compounds in approximately equal
is the rate-determining step and that the rate of the amounts. A similar mixture of dicyclopentadiene-
reaction is independent of the trapping agent. The dicarboxylic acids was previously found4 from the
dissociation is followed by the rapid interconversion low-temperature carbonation of cyclopentadienyl so-
between 1- and 2-carbomethoxycycIopentadiene and dium.
the reaction of one or both of these isomers with the The data in Table I show the effects of the type of 
trapping agent.4 substitution on the rates of dissociation of the sub

stituted dicyclopentadienes. The entropies of activa- 
C02CH31 tion are quite close to zero, as has been found in other

fi~ \  TCNE reverse Diels-Alder reactions.2
3 CH *" The energies of activation show both electronic and

steric effects of the substituents on the reactions. The.  
CH302C cn first three reactions show the effects of successive

V f ^ < rN substitutions with electron-attracting carbomethoxy 
groups, where each group decreases the energy of 

CN activation by about 2.5 kcal. When the methoxy
groups are changed to phenoxy groups, a further 

¿-Butylcyclopentadiene was prepared as the equilib- slight decrease in activation energy occurs, probably as
rium mixture of the 1 and 2 isomers to provide a cyclo- a result of increased strain on the dicyclopentadiene
pentadiene holding a bulky substituent group which ring system from the proximity of the two large phenyl
should decrease the stability of the dimer. The groups.
¿-butylcyclopentadiene showed no evidence of dimeriza- The large activation energy for the dissociation of 
tion by gas chromatography after long standing at 0°, methyl cyclopentadiene dimer would seem to indicate
but dimerized fairly rapidly at 120°. The nmr spec- that the electron-releasing methyl groups tend to
trum of the dimer showed two vinyl protons as a hinder the dissociation of the dicyclopentadiene ring
doublet at r 4.15 and one vinyl proton as a characteristic system. Although this dimer is a mixture of at least

(6) B. S. Khambata and A. Wassermar., J .  C hem . Soc., 375 (1939). More tWO isomers, the Arrhenius plots for the dissociation
recent values are given in W. C. Herndon, C. R. Grayson, and J. M. Manion, W6r6 llllGRr OV6f t)tl6 40 t>Gnfip6rRtlirG TRIlgG OI tflG
j .  o rg .  c h e m ., 3 2 , 526 (1967). These values, however, refer to the disso- pi0ts. If there had been substantial differences
ciation of dicyclopentadiene in the gas phase and correspond to the lower £ ? .1
values fo r the gas phase dissociation given b y  Kham bata  and Wasserman. between the rates of dlSSOCiatlOn of the ISOmerS, the
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Arrhenius plots would not have been linear at each of Experimental Section
the scan rates used for the measurements. Sources of Reagents.—Dicyclopentadiene (practical grade,

The kinetic parameters for the dissociation are 95%), tetracyanoethylene, and N-phenylmaleiinide were re-
calculated from the rate of evolution of heat as the crystallized to constant melting point before use. Reagent
reaction proceeds. The quantity of heat evolved by grade dibutyl maleate was used without further purification.
the reaction is the sum of the heats from the slow, Tetraglyme w<* purified by vacuum distillation from calcium, . . .  . , ,, r , hydride [bp 105° (0.5 mm)]. The preparations of 4-carbo-
endothermic dissociation of the dimer and the last, methoxytricyclo[5 .2 .1 .0 2'6]deca-3 ,8 -diene, 4 ,9 -dicarbomethoxy-
exothermie reaction of the monomer with the trapping tricydo[5.2.l.02'6]deca-3,8 -diene, and 4,9-dicarbophenoxytricy-
agent. When the dimer of f-butylcyclopentadiene clo[5.2.1.02’6]deca-3,8-diene have been described previously. 4

was heated in the presence of N-phenylmaleimide or Methylcydopentadiene dimer was used as obtained from Aldrich
dibutyl maleate, the heats of the endothermic and ^Ruiyciopentadiene was prepared as the equilibrium mix-
exothermic steps were nearly equal. Thus, the heats of ûre 0f ĥe 1 and 2 isomers from cyelopentadienyl sodium and
the reactions were too small to provide the bases for i-butyl bromide by the method of Riemschneider.9 The dimer
kinetic measurements. When tetracyanoethylene was of f-butylcyclopentadiene was prepared by heating the monomer
used as the trapping agent, as illustrated above in the ft 120» for 7 hr under a stream of nitrogen, and then removing
equation With compound 3, a small, but measurable, dimer was recrystallized from methanol to give 1 ,4-di-i-butyl-
heat of reaction was observed. This was used to tricyelo[5.2.l.02'6]deca-3,8 -diene (6): mp 65-66° (lit.10 mp 69°);
calculate the kinetics of the dissociation of the dimer of nmr -  4.1 (d, 2 H), 4.9 (“quartet,” l H), 9 .1-9.2 (2 s, 18 H).
f-butylcyclopentadiene. These kinetic parameters Kkmtic Measurements.-All kinetic measurements were 

n J , • made with the Perkin-Elmer DSC-1 differential scanning calo-
were confirmed by measuring the rate of evaporation rimeter 8 The measurements were made on 1C-20-m1 samples of
as the dimer dissociated to the volatile monomer m solutions of the dimer, trapping agent, and solvent or excess
open sample capsules in the differential scanning liquid trapping agent contained in sealed aluminum capsules,
calorimeter The technique and calculations of the kinetic parameters have

It was originally assumed that the large f-butyl been descrilbed pr,wiously2 The cal,cuiations were carried out . ... . ,, j n .r , , on a Control Data Corp. 1700 digital computer. The Arrhenius
groups would interfere with each other and facilitate parameters were calculated from rate constants over 40-80°
the dissociation of the dimer of f-butylcyclopentadiene. ranges between 390° and 525°K, depending on the scan rates
It was found, however, that the only major product of and the values of the kinetic parameters. Each set of kinetic
the dimerization of i-butylcyclopentadiene was the parameters recorded is the average from five or more inde-

, ,  , v -  , , , .1 „ pendent runs at two or more scan rates, ihe standard devia-
1,4-di-i-butyl isomer 6  (see above), in contrast to the ^  for the kinetic parameters were 3 .5 % of the values or less.
dimerization of methyl cyclopentadienecarboxylate,
where the 4,9-dicarbomethoxy isomer is the major Registry N o .- l ,  77-73-6; 2, 22388-06-3; 3, 23163- 
product.7 Molecular models of the dimer show that the 00_q. 4 24164-80-5; 5,7570-08-3; 6,24165-37-5.
(-butyl groups are well separated from each other, and
would not be expected to facilitate the dissociation. , rr, ., • ,_. , __„  . . . .  t i Acknowledgment.—The author wishes to expressBy analogy with the dissociation of methylcyclo- . , b „  c, TJ „  , , f, j .  ., , ,  ,, . ,, „ y, j. his thanks to Dr. S. P. Rowland for his helpful dis-
pentadiene dimer, it would seem that the electron- to Mr E  E . Coll for his valuable as-
releasing (-butyl groups would retard he dissociation sigtance ’ with the computer, and to Mr. Gordon J.
of the dimer. It was found, however, that the energy . . , ... __
of activation of this dissociation is the lowest value Boudreaux for his assistance with the nmr spectra.
in Table I. There is no readily obvious way to rec-
n n n i lp  t h e  I n w  p i i p w v  n f  a c t i v a t i o n  f o r  t h e  d i s s o c ia t i o n  (8) M e ntio n  of a company a n d /o r p roduct b y  the  IT. s .  D epartm ent of

. A gricu lture  does not im p ly  approval or recommendation of the company or
of the dimer of ¿”butylcyclopent£ldiene with the spectral product to  the  exclusion of others which m ay also be suitable.

lor its structure (9) R. Riemschneider, A. Reisch, and H . H orak, M o n a ts h .  C h e m ., 91,
805 (1959).

(7) D . Peters, J .  C hem . S oc., 1042 (1961). (10) R . Riemschneider and R. Nehring, ib id . ,  90, 568 (1959).
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Oxidation of Alkyl Arom atic Hydrocarbons 
by Potassium  12-Tungstocobaltate(III) 1
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The oxidation of alkyl aromatic hydrocarbons by the heteropoly compound K5[Coln0 4Wi2036] -H20 was ex
amined in order to determine whether inner- or outer-sphere electron transfer occurs when aromatic radical 
cations are formed during oxidations by metal ions. The oxidations were conducted at 96° in a heterogeneous 
system composed of solid K5[Coln0 4Wi2036] -H20  and the pure hydrocarbon (toluene and o-, m-, and p-xylene).
The oxidation products were diphenylmethane derivatives, demonstrating the intermediate formation of benzyl 
carbonium ions. The oxidation of toluene in the presence of excess benzene produced diphenylmethane. The 
proposed mechanism consists of radical cation formation via outer-sphere oxidation in which the electron is 
removed from the aromatic it system and conducted through the tungstate framework to the Com ion. The 
radical cation expels a proton and the resulting benzyl radical is similarly oxidized to the carbonium ion. In 
aqueous acetic acid a similar mechanism appears to hold.

Recent reports2'8 have shown that the oxidation of form is isomorphous. 14 Electron exchange between the
alkyl aromatic hydrocarbons by cobalt(III) acetate Co11 and Co111 compounds in solution is relatively
and a species identified4 as the hexachlorocobaltate- rapid and proceeds via an outer-sphere electron trans-
(III) anion proceed via intermediate formation of aro- fer16 unaccompanied by atom transfer. 17 Such electron
matic radical cations. The electron transfer has been transfer may occur via the tungstate framework of the
characterized as occurring via an electrophilic inter- heteropoly ion (a process responsible for “heteropoly
action,2 but the details of this interaction, i.e., whether blue” formation18). Thus a known outer-sphere elec-
the electron transfer is the result of an inner- or outer- tron transfer agent is being used as an oxidant for
sphere process, could not be determined. It was de- alkyl aromatics to determine whether such a process is
sirable, therefore, to seek metal oxidants, capable of feasible,
aromatic radical cation production, with which the
electron-transfer mechanism could be more clearly Experimental Section
dsiiiicd/v„ ,, , ,, , ,, The tungstocobaltates were prepared by literature methods.7 -9

(jrillard has recently shown that the excited triplet The preparations are briefly described below, 
states of octahedral Co111 are better oxidants than Potassium hydrogen 1 2 -tungstocobaltate(II) (I) was prepared 
the singlet ground states, but prior excitation to the by treating potassium ll-tungstodicobaltate(II)7 with dilute
excited states is necessary before reduction could occur. hydrochloric acid. Partial evaporation of the resulting blue
Tetrahedra! Co” , with a grouod-state configuration « , ™  p„p.red by „ddi-
e t2 ( ll/), is easily reduced without excitation by elec- tion of solid potassium persulfate to a solution of the potassium
tron transfer to the low-energy e orbital, resulting in ll-tungstodicobaltate(II) in 2 M H2S04. The yellow solid was
the configuration e4t23 (4A2), the ground state of tetra- recrystallized three times from boiling water, resulting in yellow
hedral Co111. Tetrahedral Co111 has been observed crystals-, . . , . . . . elemental and ihermogravimetric analyses indicated that 1
in yttrium garnets, but is of little interest for chemical was a 1 7 -hydrate, K5H[Con04Wi2036] -17 H20, and 2 was an 18-
reactions in this form. The only other known oc- hydrate, K6[Coni04Wi2036]-18 H20.
currence is in yellow potassium 12-tungstocobaltate- Spectra.—Visible and ultraviolet spectra were determined on a
(III ) ,7- 10 K 5[Com 0 4W 120 36], which is of more interest Unj cam SP800D spectrophotometer. The visible spectra of 1 

as an oxidant for aromatic hydrocarbons. The visible s6pectrum was used tB0 anal/ ze the extent of con.
HeteropoJy ion chemistry has been reviewed. 11,12 version of 2  to 1 in the oxidations described below. However,

Crystalline K 5 [CoIII04Wi20 36j • 20H2O has the “Keg- it was found that the intensity of the spectrum of 1 in water was
gin” structure with tetrahedral C0111;13- 15 the Co11 significantly dependent on pH (although the position of the maxi

mum at 16.06 kK was invariant); thus it was necessary to use a
(1) A  p re lim inary  account has appeared: A. W . Chester, C h em , C o m -  sodium acetate-acetic acid buffer (pH 4.6) for the analysis, which

m tin .,  352 (1969). was performed as follows. The solid isolated from the hetero-
(2) E. I. Heiba, R . M . Dessau, and W . J. Koehl, J r., J .  A m e r. C hem . S o c .. geneous oxidation (described below) was dissolved in a suitable

9 L*?8?? L19,69? ' , ,  , a m o u n t  o f  b u f fe r  s o lu t io n  a n d  th e  v is ib le  s p e c t ru m  re c o rd e d .
(3) K . feakota, Y . Kam iya , and N . Ohta, C a n . J .  C h e m ., 47, 387 (1969). ,,,, , , , , „  na r  ,  a j  a ,• , .
(4) A. w .  Chester, E . I .  Heiba, R. M . Dessau, and W . J. Koehl, J r., T h e  a b s o rb a n c e s  a t  1 6 .0 6  a n d  2 5 .7 0  k K  ( A i  a n d  A x ,  re s p e c t iv e ly )

In o r g .  N u c l.  C hem . L e t t . ,  5, 277 (1969). w e re  re a d  ancl th e  e x te n t  o f  c o n v e rs io n  c a lc u la te d  f r o m  th e  k n o w n
(5) R. D . G illa rd , J .  C hem . S oc., A ,  917 (1967). m o la r  a b s o rb a n c e s  o f  1 (2 1 8  a n d  1 3 0 , re s p e c t iv e ly )  a n d  2 (0  a n d
(6) D . L . W ood and J. p . Remeika, J .  C h em . P h y s . ,  46, 3595 (1967). 1 22 5 , r e s p e c t iv e ly )  b y  use o f  th e  e q u a t io n
(7) L . C. W . Baker and T . P. M cC utcheon, J .  A m e r.  C h em . S oc ., 78, 4503

(1.956). m  _  122b A i  10f>
(8) L . C. W . Baker and V . E . Simmons, ib id . ,  81, 4744 (1959). ' °  c o n v e rs lo n  —  2 1 8 A 2 +  1 0 9 5 A i X  iUU
(9) V . E . Simmons, P h .D . D issertation, Boston U n ive rs ity , 1963.
(10) L . C. W . Baker, V . S. Baker, K . E riks, M . T . Pope, M . Shibata,

O. W . R ollins, J. H . Fang, and L. L . K oh , J .  A m e r .  C h em . S oc ., 88, 2329 (14) N . F . Yanonni, V . E . Simmons, K . E riks, and L . C. W . Baker,
(1966). Abstracts, 136th N a tio n a l M eeting of the  Am erican Chemical Society,

(11) L . C . W . Baker in  “ Advances in  th e  C hem istry o f C oord ina tion  A tla n tic  C ity , N . J., Sept 1959, p 26N.
Com pounds,”  S. K irschner, Ed., The M acm illan  Co., New Y o rk , N . Y ., (15) J. F. Keggin, P ro c . R o y . S oc., S e r. A ,  144, 75 (1934).
1962, p 604. (16) P. G . Rasmussen and C. H . B rubaker, J r., I n o r g .  C h e m ., 3, 977

(12) P. G. Rasmussen, J .  C h em . E d u c ., 44, 277 (1967). (1964).
(13) K . E riks, N . F. Yanonni, U . C. Agarwala, V . E . Simmons, and L . C , (17) G. Geier and C. H . Brubaker, Jr., ib id . ,  5, 321 (1966).

W . Baker, A c ta  C ry s ta llo g r . ,  13, 1139 (1960); N . F . Yanonn i, P h .D . D is - (18) M . T . Pope and G. M . Varga, ib id . ,  6, 1249 (1966), and references
sertation, Boston U n ive rs ity , 1961. cited therein.
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i°ô —------------------- -—----------------------------------- this temperature, indicating that loss of the last water
\  leads to decomposition. The retention of 1 mol of

¡5 \ water was confirmed in experiments at 200° in air.
“ 96 - \ Oxidations were therefore carried out with the mono-
° \ hydrate. Use of the monohydrate led to increased
g 94 ‘ \  yields of the diphenylmethane products (discussed
s 92. \ .  below) and reduced quantities of the oxygenated ma-

^ ------------------------------------ terials.
9oL-io--- ¡¿5— ito— 200— 250— 3W 350 400  450 500 The crystallographic data for potassium 12-tungsto-

temperature/ c cobaltate(III)13 do not show a unique water molecule
T,. , • , . , . , rz ,r, [tta ... „ . in the structure. The water might reside betweenFigure 1.—Thermogravimetnc analysis of K 6[Coln0 4Wi2 0 36] • . . . . . , .. , __

18H20  showing the loss of the last H20  at -420°. heteropoly frameworks, bonding them together. How
ever, the occurrence of oxygenated products indicates 
that it is chemically reactive. The exact location and 

Thermal Studies .-Thermogravimetnc and differential thermal function 0f the unique water molecule is unknown at
analyses (tga and dta) were performed on the Dupont 950 , . .
thermogravimetnc analyzer and the Du Pont 900 differential ^ 1S îrne*
thermal analyzer by Mr. A. Julian. Oxidation Products.—The products, yields, and

Gas Chromatography.—Gas chromatographic analyses were product distributions for the heterogeneous oxidation
performed on an F & M research chromatograph (Model 810). 0f toluene and the isomeric xylenes by K 6(Coln04-
The helium now rate was 32 ml/min with a 10-ft silicone Se30 T a  i n o    __• T  i ln T rp i A , r  +1 tv . , i A , , /a - lOAo W12O36 -HoO are given in lable 1 . lne data tor theon Diataport column. A temperature program (6  mm at 120 , &
heating to 250° at 10°/min, then isothermal at 250°) was used, 
with a sample volume of 5 /*1.

Homogeneous Oxidation of Toluene by Potassium 12-Tungsto- T able I
cobaltate(III).—A solution of 20 g of 2 18-hydrate in a mixture The Oxidation of Alkyl Aromatic Hydrocarbons
of 15 ml of water and 75 ml of acetic acid was heated at reflux By Potassium 12-Tungstocobaltate(III) Monohydrate
with 15 ml of toluene for 55 hr. After the mixture cooled, the AT ggo qqq j j r 3

solid was filtered and the filtrate evaporated. The resulting
solid-liquid mixture was extracted with ether; the ether extract _ , Distrioution Y*®ld;
was dried over MgSCh and evaporated to give an oil. The oil Substrate Product wt, % % -
was analyzed by gas chromatography and the major product was / r - \  ,7 =3 /CHj
found to be benzyl acetate (confirmed by infrared spectrum). Toluene \Cj )  ‘ ”
Small amounts of other components were found but not identi- .—. 23
fied. <(Q/ ~ ~ CH0 Trace

Heterogeneous Oxidation of Alkyl Aromatic Hydrocarbons by '—'
Potassium 12-Tungstocobaltate(III). Procedure.—Oxidations (C ^ i) CH.OH
were performed in a glass-stoppered reaction vessels immersed in '— '
a constant-temperature bath at 96°. About 3 g (1 mmol) of 2 CH, CH3

monohydrate (prepared by heating the 18-hydrate at 2 0 0 °; see _ rp A  /r < \
Results and Discussion) was covered with an excess (about 10 g) o-Xylene U_)) CH, u ) )  CH3 gi 26
of hydrocarbon in the reaction vessel and placed in the bath for CH 3 3

100 hr.19 The mixture was filtered into a tared filter flask and / 3 g
the solid analyzed for 1 and 2 as described above. The filtrate /7~A ^
was partially evaporated in  v a c u o  and analyzed by gas chro- \^y
matography. CH

The products of the oxidation of toluene and p-xylene were __/
established by comparison of ir and uv spectra and retention { Q ) —CH.OH
times with those of known samples. The identity of 2,4',5-tri- ' — '
methyldiphenylmethane (from p-xylene) was established by the CHj GH
agreement of its ir and uv spectra with those given by Dannen- \_ _/ 3

berg, Neumann, and Dresler.20 The products of the 0- and m -  CII, / (p
xylene oxidations were assigned by analogy and by the similarity Uene x ^ y  ' g7  26
of the retention times to those of the toluene and p-xylene prod- CH3 26
ucts. CH3 y

Oxidations in the presence of benzene (cross-alkylation) were \—,
performed at 80.5°. Most of the benzene was removed in the \ 0 / — CH0

partial evaporation of the product filtrate.
CH3

Results and Discussion ch2oh

Dehydration of Potassium 12-Tungstocobaltate(III). cy ’ ^  j4°| 40 1̂2-)
— In preliminary experiments with 2 18-hydrate, large p-Xylene* HaC— 7(17) 
amounts of oxygenated products (alcohols and aide- v_\
hydes) were formed, presumably from the lattice water. CHs
It was, therefore, desirable to use an anhydrous form HC_ / rA _ CH0
for oxidations. However, tga indicated that only ‘
17 mol of H20 were lost upon heating to 200°, the
remaining water being lost at about 420° (Figure 1). H:,c CH=0H
Dta studies showed an exotherm at approximately “ Not all possible isomers are shown for the diphenylmethane

derivatives. b Given only for diphenylmethane derivatives.
(19) A ir  was n o t rigorously excluded. c Based on Co111 consumed and a stoichiometry of 2Com /
(20) H . Dannenberg, H . G. Neumann, and D . D . von Dresler, J u s tu s  hydrocarbon (see text). d Figures in parentheses represent the

L ie b ig s  A n n .  C h em ., 674, 152 (1964). result of oxidation by the 18-hydrate.

1798 J . Org. Chern., Vol. 35, No. 6, 1970 Chester



oxidation in an excess of benzene are given in Table should accept a hydrogen atom. Also, this mechanism
II. Production of diphenylmethane in this case could not be operative in the oxidation of the radical
constitutes, in effect, an alkylation of benzene by the to the carbonium ion, since no hydrogen abstraction 
benzyl group. would occur.

Mechanism b is more self-consistent. The electron 
T a b l e  I I  transfer occurs via the overlap of the aromatic ir sys-

O x i d a t i o n s  IN THE P b e s e n c e  o f  tern with tungstate framework “conduction” bands, 12'18
E x c e s s  B e n z e n e  a t  80.5°“ so that reduction of the framework occurs first. The

M o i of framework, however, rapidly reduces the electronically
c«h«/ D is tr i-  less stable tetrahedral cobalt(III). The expulsion of

Substrate substrate Products6 % Y ie ld , % the proton and its acceptance by the tungstate anion
provides the charge balance necessary for a solid state 

Toluene 12.0 ch2— 66 reaction. The oxidation of the radical can occur by
CH Not exactly the same process: electron transfer from the

3 determined tt system of the aromatic via the framework to the
'— '—' 32 cobalt atom. The mechanism may be summarized

for toluene as shown in Scheme I. The brackets in-

^_.CH3 2
p-Xylene 15.3 S c h e m e  I

*  45 .  £
36 O  + KsCo»'0,W„0,<s> -

ch3

h3c < ^>ch° 19 9Hs

“ The monohydrate was used for these experiments; reaction f/TY| + r  c He w n '  . _*.
time 100 hr. 6 Alcohols occurred only in trace amounts. 5 ° 4 12 36

Mechanism.-—It is well known that heteropoly ions 9**2
oxidize many oxygen- and nitrogen-containing organic
compounds with resultant formation of “heteropoly K )|  + K5HColr0 4W12036(s)
blues.” 21 In all such oxidations, it is only the tung
state (or molybdate) framework that is reduced, not 
the central (hetero) atom. The present case thus Cft, 
constitutes the first example in which the central atom
alone (tetrahedral Co111) is the oxidizing agent and H~V) + KjC^ChW^CWs) —*■ 
is reduced (to Co11). The identity of the reduction
product is clear from its visible spectrum, which is r  + 1  ?H;
characteristic of tetrahedral Co11 and identical with i 2

that obtained with a known sample of 1 . i'/'VI -  *4 ^
Studies of the behavior of the 12-tungstocobaltates K j J  K5Con0 4'W 120 36 (s) *■

in aqueous solution show that electron transfer is an
outer-sphere process16 and that the framework oxygens H,C^,— . ,— ,
do not exchange with water. 17 The same is probably (K )V -C H 2— (Cj) + K5HCoII0 4W1A (i(s)
true in the oxidation of aromatic hydrocarbons: the '—' '—'
oxidation occurs via outer-sphere electron transfer in
which the heteropoly ion structure remains unchanged. dicate ion pairs formed within the so]id The gteps
, e enyfrnetha,ne products could be formed by leading to the ion pairs may in fact be equilibria. This 

e a acc o benzyl radicals or carbonium ions on sequence leads to a stoichiometry of 2Com /hydro-
e aroma ic ring. However, benzyl radicals dimerize carbon, and the yields of diphenylmethane derivatives

to form bibenzyl more rapidly than they add to aro- in Tables x and n  are calculated on this basis,
matic rings. Since no bibenzyl products are observed, The alcohol products result from the interaction of 
the benzyl radicals must be oxidized by the heteropoly the carbonium ion with the remaining water in the
ion to form benzyl carbonium ions. The benzyl radical i-hydrate. The alcohol may be subsequently oxidized
can e formed by two possible paths: (a) hydrogen ^he aldehyde in a manner similar to the above
abstraction from a methyl group, followed by oxida- mechanism. A trace of unidentified high boiling cona
tion of the hydrogen atom to a proton, or (b) oxida- pound is observed in the gas chromatographic analysis
tion of the aromatic to a radical cation, followed by of the oxidation products, which may be an alcohol
proton expulsion. Mechanism a seems less reasonable derived from the diphenylmethane derivative by oxida-
smee there is no reason that the tungstate framework tion as above

The homogeneous oxidation of toluene in aqueous 

37, 264 (1965). tion of benzyl acetate, indicating that a similar mech-
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anism is operative. The carbonium ion reacts with the It is also significant that the oxidation occurs by 
acetic acid solvent to form the acetate. outer-sphere electron transfer in a heterogeneous sys-

The electron-transfer reactions may occur at or near tem. Such reactions are usually thought to occur by
the solid surface, or within the crystal lattice. The direct coordination to a metal on a surface or in a
crystal is composed of channels surrounded symmetri- crystal.
cally by six heteropoly ions. 13 The channels are prob- The above results indicate that it is unnecessary 
ably large enough to allow some penetration by the to seek an inner-sphere electron transfer mechanism
aromatic hydrocarbon, and the immediate availability in the oxidation of alkyl aromatics in homogeneous
of other heteropoly ions accounts for the ease of car- systems,2-4 e.g., by direct coordination, since outer-
bonium ion formation. The carbonium ion would then sphere electron transfer is feasible,
either diffuse out to react with other hydrocarbon mol-
ecules or react with the water in the lattice to form Registry N o.-Potassium  12-tungstocobaltate(IIl), 
alcohol. 12419-42-0; toluene, 108-88-3; o-xylene, 95-47-6; m-

The aromatic radical cation is formed by outer- xylene, 108-38-3; p-xylene, 106-42-3. 
sphere electron transfer. Inner-sphere electron transfer . . ‘
is eliminated by the stability and nondestruction of the Acknowledgments.-The author is indebted to Drs. 
tungstate framework, which totally screens the cobalt- E. _. Heiba, P. S. Landis, and E  J. Y  Scott tor their
(III) oxidant from direct interaction with the aromatic advice and suggestions during this investigation, and
tt system. for their helpful review of the manuscript.

Alkylation of N-Carbethoxy Tertiary Amines with Ethyl B rom oacetate
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The alkylation of ethyl 1-piperidineacetate (I), ethyl 4-morpholineacetate (II), ethyl N,N-diethylglycmate
(III), and ethyl N,N-di-rc-butylglycinate (IV) at 25, 40, 50, and 60° with ethyl bromoacetate in absolute methanol 
follows second-order kinetics. The fe, AE, and AS values at 25° are 8.86, 0.89, 5.71, and 4.22 X 10 61./(mol sec),
17.2, 18.1, 14.6, and 14.8 kcal/mol, and 26.0, 27.6, 35.6, and 35.6 eu, respectively, for the above amines.

This research study investigated the effect of the T a b l e  I

structure of tertiary amines upon the reaction rate, the  ̂ oc Reaction Rate Constants“
energy of activation, and the entropy of activation in ( ^ 1°) x io* ku x to« fcE x io= /« x 10«
the alkylation of the amines with ethyl bromoacetate in -  ̂ 47 0.106
absolute methanol. The four amines investigated 20 5.56 0.506
were ethyl 1-piperidineacetate (I), ethyl 4-morpholine- 25 8.86 0.890 5.71 4.22
acetate (II), ethyl N,N-diethylglycinate (III), and 40 33.9 4.00 20.8 15.2
ethyl N,N-di-n-butylglycinate (IV). 50 80.5 10.0 49.4 32.6

The kinetics of the reactions were determined by 60 150 23.1 86.7 60.0
potentiometric titration of the bromide ion produced Comparison of the Reaction Rates
using a silver nitrate solution with a glass electrode and Tempi 
a silver-silver bromide reference electrode. The reac- °c, ’
tion rates were determined from the slopes of the second- (±on°) kr/kU kF/kE kF/kB kE/k s
order plots. Activation energies were determined from 5 14 0
the slope of the Arrhenius plots, and entropies of 23 11 .0   ̂ ^  2 1Q x 3_
activation were calculated from the Eyring equation.  ̂ g'46 163 2 24 1.37

50 8.08 1.63 2.46 1.51
Results and Discussion 60 § 4 6  1.72 2.49 1.44

The experimental rate constant data are summarized “p = ethyl l-pipendineacetate, ,M _ ethy^. „  , , i , . ,, . ... , , . . .  c acetate, E = ethyl N,N-diethylglycmate, B = ethylm Table I where a is the initial molar concentration of buty glycinate
ethyl bromoacetate and the tertiary amine in absolute
methanol. The bimolecular rate constant, k2, is cent ^  conversjon t 0 the quaternary salt varied from
defined by the familiar equation 2%  for n  at 20° to 83%  for I at 60°. Most of the

d /̂dt = k2(a — x)2 (1 ) experiments were carried to 800 hr and longer, and
deviations from linearity were noted in several runs at 

The values of k2 were calculated from the titration the higher temperatures. The average percentage error
data by plotting in determining F(;r) between two or more identical

_  x/(a _ 3.) (2) samples was 2 .8%  with a standard deviation of 6 .1 %.
This percentage is based upon a population of 144 F(x) 

vs. time where the slope of the plot is equal to ak2. All determinations. Since the scatter of points increases
of the F(x) vs. t plots were linear to 200 hr and remained with an increase of temperature, the accuracy of the
so for several samples for as long as 800 hr. The per F(a;) determinations was considerably improved for
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°o 200 400 600 800 1000 Figure 2.—Conformations of ethyl 4-morpholineacetate.

Figure 1. Ethyl N,N-di-ra-butylglyeinate (25 ±  0.1°). gen atom more so than in the chair conformation.
Consequently, the reversed substituent effect of the 

titrations below 200 hr. With a population of 76 F(:r) oxygen atom should accelerate the rate of the alkyla-
determinations below 200 hr, the percentage error was tion and be more enhanced with a higher concentration
1.8% with a standard deviation of 2.3%. At least of the boat conformers at the higher temperatures.6
three samples were run at each temperature for each The experimental evidence for the reverse substit- 
tertiary amine. uent effect was first reported by Stock7 in his compari-

It has been reported that methanol will methanolyze son of the pK& values for dibenzobicyclo[2.2.2]octa-2,5-
an alkyl halide.1 We experimentally determined the diene-9-carboxylic acid (p /ia =  6.04) and 16-chloro-
methanolysis reaction at 25 and 60° and found the bicyclo[2.2.2]octa-2,5-diene-9-carboxylic acid (pK& =
following results for ethyl bromoacetate: room tem- 6.25). Roberts and Carboni8 suggested a field effect for
perature for 240 hr, 0.55%  methanolysis, and at 60° a chloro atom in o-chlorophenylpropiolic acid when the
for 240 hr, 6.68%  methanolysis. The alcoholysis inductive effect was not so great as expected for the
reaction is evident in Figure 1 for the experimental o-chloro group.
points exceeding 800 hr. Since the entropy term (Table II) for II is more

The comparison between the rate constants is shown 
in Table I in ratio form. Compound I is much faster T a b l e  II
than II as expected with a hetero-oxygen atom in the Rate CoNSTANTS; A c t iv a t io n  E n e r g i e s , a n d  E n t r o p i e s

ring. Compounds III and IV are much less reactive r0K T e r t i a r y  A m i n e s  a t  25°
than the piperidine amine (I) because of the less basic x - as,
character of the open-chain amines vs. the ring-struc- 106 ■ AE■ cal/
tured amines (pAa: piperidine, 11.22; morpholine, Amine 1'/si” °1 k™l0{
8.36; diethylamine, 10.98; anddi-n-butylamine 11.25).2 N-Carbethoxymethylpiperidine (I) 8.86 17.2 26.0
The longer alkyl chain of the n-butyl group does not N-Carbethoxymethylmorpholine (II) 0.89 18.1 27.6
appreciably decrease the rate of alkylation as compared Ethyl N,N-diethvlglycinate (III) 5.71 14.6 35.6
to the ethyl group (kE/kB =  1.35 at 25°). These Ethyl N,N-di-n-butylglycinate (IV) 4.22 14.8 35.6
results are in agreement with Bunton who states that
the steric factor of an aliphatic chain does not increase negative than for I, one can rule out a steric argument
materially with increasing chain length beyond the for a rate increase. If II had a preferred conformation
ethyl group.3 for a more favorable attack by the ethyl bromoacetate,

The decrease in the ratio of kP/kM (Table I) as the then Qne would expect to find the entropy term less
temperature increases can be explained by the field- negative The entropy term for II is probably more
effect model in conjunction with the conformational negative than for i  because of the steric interference
isomers of morpholine (Figure 2). It is well established that may result for the hetero-oxygen atom and the
that a saturated six-carbon ring may exist in either the carboxyf  0Xygeil atoms of the two N-carbethoxy-
chair conformation or the boat conformation with a methyl groups
difference in energy of approximately 5 kcal/mol.4 The activation energies (Table II) indicate no ir- 
When a methylene group is replaced with a hetero atom, regularities from what one would predict. The close
the energy of the boat form is less because of fewer agreement between III and IV is justified if one accepts
interactions between consecutive methylene groups.6 the steric similarity3 between the n-butyl and the ethyl
Consequently, one would expect II to have a higher gr0UpS
concentration of the boat conformer as the temperature S Tde larger (iess negative) entropy terms for III and
is increased. j y  compared to I and II are undoubtedly the results of

In the boat conformation (Figure 2), the hetero- restricting the freedom of movement of the alkyl groups
oxygen atom represents the negative end of a dipole quaternary ammonium salt product compared to
which acts to increase the electron density on the nitro- ppg tertiary amine reactant. In the case of morpholine 

, , , r> „  , . .. _ „  and piperidine, there is no restriction of movement in
(1) B . D . Coleman and R. M . Fuoss, J .  A m e r.  C h em . S oc., 77, 5472 * ^

(1955). . . . , .
(2) H . K . H a ll, Jr., ib id . ,  79, 5443 (1957). (6) N o te :  Solvation, as suggested b y  a reviewer, m ay p lay an im p o rta n t
(3) C. A . B un ton, “ N ucleophilic  S ubstitu tion  a t a Saturated Carbon p art in  explaining these smalL differences in  energy since p iperid ine  could

A to m ,”  Elsevier Publish ing Co., N ew  Y o rk , N . Y ., 1963, p 27. be solvated quite  d iffe re n tly  from  m orpholine.
(4) M . Balasubram anian, C hem . R ev., 62, 591 (1962). (7) R. Golden and L. M . Stock, ib id . ,  88, 5928 (1966).
(5) W . D . K im le r and A. C. H u n tric , J .  A m e r. C hem . S oc., 78, 3369 (1956). (8) J. D . Roberts and R. A . Carboni, ib id . ,  77, 5554 (1955).
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the alkyl groups in going from the tertiary amine to the 2 hr. The diethyl N,N-dicarboxymethylammonium bromide was
salt because they are part of the heterocyclic ring. recrystallized from glacial acetic acid, mp 172-174 \

Anal. Calcd for C8Hi60)NBr: C, 35.57; H, 5.97; N, 5.19; 
The activation energies and frequency factors of the mol wt> 270.13. Found: C, 35.56; H, 5.92; N, 5.19; mol wt

study compared favorably with those for triethylamine (AgN03 titration), 270.2.
and ethyl iodide as reported by Wolff9 (Table III). Compound IV could not be converted successfully to the qua

ternary ammonium diester or diacid. Consequently, the identity 
of the amine was established by comparing its boiling point, infrared 

Table III spectrum, and vpc retention time with those of III. These
Formation of Quaternary Ammonium Salts (100°) comparisons indicated that compound IV had been successfully

(Ethyl Iodide and Triethylamine) prepared.
k x 1Qt E Sample Preparation.—The samples for the kinetic study were

Solvent l./(mol sec) kcal/mol prepared by weighing in separate flasks to ±0.1 mg sufficient
. 1 „ tertiary amine and ethyl bromoacetate to make 50 ml of 0.0500
ce one ' ' M solution. Each of these flasks was diluted with approximately

Nitrobenzene 138.3 11.6 20 ml of absolute methanol (Baker Analyzed Reagent) and placed
in a constant-temperature bath capable of maintaining a tempera-

Experimental Section tur® ?  ± 0 '1O‘ . E“ h sampie °f tertiaryamine and ethyl bromo-F acetate was mixed m preheated 50-ml volumetric flasks and
Compounds I (bp 50° at 0.150 mm), II (bp 6 8 ° at 0.60 mm), diluted with preheated methanol to 50 ml which established each

III (bp 50° at 3.54 mm), and IV (bp 75° at 1.15 mm) were sample at 0.0500 M in tertiary amine and ethyl bromoacetate.
prepared by reacting ethyl bromoacetate with a one molar Three duplicate samples of each compound were prepared and
excess of the respective secondary amine. All four tertiary amines studied at the same time. No correction was made for the ex-
were purified by distillation through an annular spinning-band10 pansion of the glassware or the solvent.
column under reduced pressure. The purity of the tertiary amine Procedure for Potentiometric Titration. Three samples of a
was established by vpc. 11 given compound at each temperature were titrated at 15-min

To establish the identity of the tertiary amines, each amine intervals. From each of these samples, three 1.00-ml aliquots
(compound IV was an exception) was converted to a quaternary were diluted with 10.0 ml of cold 0.10 N H2SO( within 30 sec of
ammonium salt by reaction of the tertiary amine with ethyl bromo- other. Aliquots were titrated within 10 min after being
acetate. Compound I formed N,N-dicarbethoxymethylpiperi- withdrawn.
dinium bromide. The diester was recrystallized from absolute The bromide ion was titrated with 0.0500 M AgN03 from a 
ethanol mp 134-134.5°. 10-ml graduated buret. The Beckman expandomatic pH

Anal. Calcd for Ci3H2iChNBr: C, 46.16; H, 7.15; N, 4.14; meter with a Beckman No. 39167 glass electrode and a laboratory
mol wt, 338.2. Found: C, 46.22; H, 7.03; N, 4.12; mol wt constructed Ag]AgBr electrode were used m the titration.
(AgN03 titration), 3 3 9 . 6  The accuracy of this technique was established by titrating 1.00-ml

Compound II ’formed N,N-dicarbethoxymethylmorpholium aliquots of 0.0050 M tetra-ra-butylammonium bromide in 10 ml 
bromide. The diester was recrystallized from absolute ethanol, °I ®T0 N H2SO,. The addition of 1.00 ml of ethyl bromoacetate 
mp 157-158°. did net interfere with the determination of a standard bromide ion

Anal. Calcd for Ci2H2205NBr: C, 42.36; H, 6.52; N, 4.12; concentration, 
mol wt, 340.2. Found: C, 42.42; H, 6.32; N, 3.97; mol Silver nitrate was added in 0.05-ml increments until the end
wt (4gN03 titration), 344.2. point was passed as indicated by a 100 mV or more change on the

Compounds III and IV failed to form a solid ester when treated expanded scale, 
with ethyl bromoacetate in absolute methanol. Consequently,
the viscous diesters were hydrolyzed with 48% HBr refluxing for Registry No.—Ethyl bromoacetate, 105-36-2; I, 
-------------  23853-10-3; II, 3235-82-3; III, 2644-21-5; IV, 2644-

(9) H. g . Grimm, h . Rdf. and j . Wolff, z. PhVs. Chem., b i s , 301 (1931). 24-8 i N,N-dicarbethoxymethylpiperidinium bromide,
(10) Nester-Faust annular spinning-band distillation column, Model 6262-05-6; N,N-dicarbethoxymethylmorpholilim bro-

N , ... ,, . . .  mide. 23853-15-8; diethyl N,N-dicarboxymethyl-
(11) Beckman G G -2 A  with thermotrac temperature programmer, 6-ft, ' 7 i

O. 25-in. silicone column. ammonium bromide, 23853-16-9.
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The Acid-Catalyzed N itram ine R earrangem ent. VI.
Diversion of the R earrangem ent1-3

W il l ia m  N. W h ite  and H ilda  S. W h ite

Department of Chemistry, The Ohio State University, Columbus, Ohio 43210, and 
Department of Chemistry, University of Vermont, Burlington, Vermont 05401

Received November 10, 1969

The aromatic nitramine rearrangement produced lowered yields of nitroanilines and more aromatic amine 
and nitrous acid in the presence of a variety of reducing agents (iodide and thiocyanate ions, sulfur dioxide, 
thiourea, aromatic amines, and phenols). The rate was not affected by the presence of the reductant, indicating 
that diversion of the reaction occurs after the rate-determining step. The effect of the concentration of the 
diverting agent was unusual and can be interpreted by a mechanism in which the protonated nitramine undergoes 
N-N bond cleavage to produce a pair of caged radicals which can rebond to form precursors of the nitrated 
products or can undergo reversible dissociation to free radicals capable of being reduced.

It was recognized very early in the study of the T a b l e  I
aromatic nitramine rearrangement that, under certain E f f e c t s  o f  A d d e d  S u b s t a n c e s  o n  t h e

conditions, a portion of the nitramine could be diverted Y i e l d s  o f  R e a r r a n g e m e n t  P r o d u c t s  f r o m

from the isomerization pathway. For example, al- N - N it r o - N - m e t h y l a n i l i n e '*

though N-nitro-2,4-dichlorOaniline W a s  Converted prin- Substance M  A b Substance M  A b

cipally into 2-nitro-4,6-dichloroaniline by nitric, sul- None ... 0.642 Sulfamic acid 0.5 0.644
furic, hydrochloric, or perchloric acid, 4 a quantitative LiCKh 2.0 0.665 Thiourea 0.05 0.436
yield of 2,4-dichlorobenzenediazonium bromide was LiNCh 1 0 0.660 IV-Methylaniline 0.01 0.533
formed in the presence of hydrobromic acid. 6 The d p-Toluidme 0 . 0 1  0.526, , „ f. j, AT „ , . ., -vr ,, , ... LiBr 1.0 0.622 Phenol 0.01 0.558
product of reaction of N-2,4-trinitro-N-methylamhne NaSCN 1.0 0.475 p-Cresol 0.005 0.507
with concentrated sulfuric acid was 2,4,6-trimtro-N- NaI 0 0 1 0 4 l 7  2 4-Xylenol 0 005 0 488
methylaniline unless p-xylene was added to the reac- NaHSOs 0.05 0.468 Resorcinol 0.05 0.475
tion mixture. In the latter instance, 2,4-dinitro-N- S0 2 0 . 5  0 . 4 7 5  l-Naphthol 0 . 0 0 1  0.443
methylaniline resulted. 6 Seldom does the rearrange- H3P02 0.03 0.616 Hydroquinone 0.001 0.430
ment of a nitramine produce a quantitative yield of »HCIO, = 0.503 M, T = 40.0°. ''Absorbance of reaction 
nitroaniline. The systematic study of the effect of mixture after treatment with ammonium sulfamate and dilution
apparently extraneous substances on the course of with aoetate buffer.
nitramine rearrangement reported in this paper leads _ . . . .  .
to important conclusions about the course of the reac- nitrous acid also seems insignificant as a determinant. 
4jon Thus the effect of sulfamic acid, which reacts selec

tively and readily with nitrous acid, was much different
Results and Discussion from that of iodide ion or PhenoL The single fommon

f e a t u r e  o f  t h e  r e a g e n t s  t h a t  w e r e  e f f e c t i v e  i n  d i v e r t i n g

Nature of Diverting Agents.—A cursory survey of the the nitramine rearrangement is that they are easily
influence of various compounds on the course of the oxidized, i.e., they are reducing agents,
rearrangement of N-nitro-N-methylaniline was made. Products of the Diverted Reaction.—Quantitative 
This was accomplished by comparison of the ab- determination of the products formed in the presence of
sorbances of the product mixtures from reactions to diverting agents proves that reduction occurs. The
which various concentrations of different reagents had proportions of N-methylaniline and nitrite ion were
been added. The absorbance at 410 m/i was utilized increased, while the amounts of o- and p-nitro-N-
for the comparison, since the maximum absorption of methylaniline decreased (Table II). Nitrite ion and
the combined nitroaniline products (and also of p- N-methylaniline involve a lower oxidation state for the
nitro-N-methylaniline) occurs at this point. The nitrogen atoms than do N-nitro-N-methylaniline or o-
results are summarized in Table I. or p-nitro-N-methylaniline.

The data in Table I indicate that the lowered yields 
of nitroanilines cannot be associated with the nucleo- Table II
philicity of the added substance. Thus, bromide ion, Products of Rearrangement of
which is a- good nucleophile, was much less effective N-Nitro-N-methylaniline“ in the Presence of
in diverting rearrangement than was p-cresol, which is a Diverting Agents (Per Cent Yield)
poor nucleophile. The ability of a reagent to scavenge .----------Diverting agent----------*

p-H O - a -

(1) Previous papers in  th is  series: (a) W . N . W hite , D . Lazdins, and H . S. P roduct N one CeHrOH^ C ioHrO H11 N a I
W hite , J .  A m e r .  C h e m . S oc ., 86, 1517 (1964); (b) W . N . W h ite , C . H atha- o - N i t r O - N - m e th y la n i l in e  49  3 8  39
way, and D . H uston, J .  O rg . C h e m ., 35, 737 (1970); (c) W . N . W h ite  and XT. v r  Ti_  ‘ -i * ^  o o  1ft
J. R . K lin k , ib id . ,  35, 965 (1970); (d) W . N . W hite , J. T . Golden, and D . p-Nltro-N-methylamlme 32  18  18
Lazdins, ibid., 35, 2048 (1970). N~Methylaniline 10 41 4 0  4«5

(2) P a rt of th is  w ork has been reported in  a p re lim in a ry  fo rm : W . N . Nitrite ion 13 41 ... ...
W hite, J. R . K lin k , D . Lazdins, C, H athaw ay, J. T . Golden, and H . S. « HC104 = 0.503 M T = 40.0°. 6 0.001 M hydroquinone.
W hite, J .  A m e r .  C h em . S oc ., 83, 2024 (1961). „ ~ r , v  i  'r f  n m  i \ f  at«T

(3) This w ork was supported b y  G rants G-7345 and GP-1970 from  the ° - 0 0 1  M a-naphthol. 0.01 M Na .
N ationa l Science Foundation.

(4) k . j. p. O rton, chem. News, 1 0 6 ,2 3 6  (1 9 1 2 ). Influence of Diverting Agents on Rates.—The for-
(5) K . J. P. O rton, B r i t .  A sso c . A d v a n .  S c i.  R e p ., 115 (1908). „ . . i *,
(6) e . d . Hughes and g . t . Jones, j . c h e m . Soc., 2678 (19 5 0 ). m a t i o n  o f  a r o m a t i c  a m in e  a n d  n i t r o u s  a c id  c o u l d  o c c u r
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ioo--------------------------------------------------- same way except that it first increased before becoming
constant at higher reducing agent concentrations. 
These results are presented graphically in Figure 1.

k These findings indicate that the diverting agent is
not reacting with the free or protonated nitramine, nor 
with the intermediate resulting directly from the rate
determining step. Any of these processes would in-

____ _____~ volve direct competition between the pseudo-first-order
% 50 I rearrangement and second-order diversion, so that in-

N0© creasing the concentration of reducing agent should
- ------- .»-------------------------- A eventually decrease the yields of nitroanilines to zero.
. x ° The species being reduced must not be on the rearrange-
w *  ment pathway, but must be in equilibrium with an in-
_,x p termediate that is. Furthermore, the kinetic effect
I "<D ® of diverting agent (vide supra) shows that this latter

intermediate is one that is formed after the rate-limit- 
( i ing step.

° . ir. The situation is reminiscent of that found for theO v) 1U
(h q) x io4 m scavenging of a-isobutyronitrile radicals formed in the

decomposition of azobisisobutyronitrile,7 and an analo- 
Figure 1. Percentages of o- and p-nitro-N-methylaniline and gous interpretation appears appropriate. Sub-

mtnte ion formed in the rearrangement of N-nitro-N-methyl- stituent. effect studies1“ suggested that the protonated
aniline m the presence of varying amounts of hydroqumone .. , __ .
(H2Q) (40°, 0.503 M HC10)4: O, per cent of o-nitro-N-methyl- nitramine undergoes N-N bond cleavage to form an
aniline; ®, per cent of p-nitro-N-methylaniline; • ,  sum of anilinium radical and nitrogen dioxide. These species
percentages of o- and p-nitro-N-methylaniline; and X, per cent are undoubtedly held in a solvent cage for a short
of nitrite ion. period of time, during which they may combine to

form nitroanilines. Alternatively, dissociation to free 
through direct reduction of the nitramine by the radicals may occur These radicals may reassociate to
diverting agent. In such a case there would be two the caged Paif and 1f ad ^ mtmted Products or they
kinetic pathways for disappearance of the nitramine ma/  react Wltba hydrogen donor to yield nitrous acid
(rearrangement and reduction) compared with one and amme' ACa^ d sPecies are ordinarily inert to
(rearrangement) under normal conditions, and thus ^avengers As the concentration of reducing agent
the reaction should be faster in the presence of divert- 18 “ c,reased’ more of the dissociated radicals are reduced
ing reagents. However, it was found that the rate of and rewer return to the solvent cage and produce mtro-
reaction of N-nitro-N-methylaniline was unaffected ambnes- Fma ^  a P0,mt 1S, reached at Y hlcb all of
by added reducing agents (Table III). This indicates tbe free radlcals formed are be,!ng reduced and a fl*r-
that the incursion of the diverting agent occurs after *her increase in the amount of diversion is not possible,
the rate-determining step, which normally leads to If the rate of rebondmg of the caSed radicals is similar
rearrangement. Thus there is a common route and \° the rate11of d™ ia tio n , then rearrangement and
common intermediates for rearrangement and diver- diversion will occur simultaneously and it will be impos-
sjon sible to completely eliminate rearrangement by in

creasing the reducing agent concentration. The mecha
nism implied by these findings and considerations is 

T a b l e  III indicated in Chart I.
Rate of Rearrangement The nitrated product from rearrangement of N-

OF N-Nitro-N-methylaniline« nitro-N-methylaniline in the presence of 0.00015 M
in the Presence o f  Diverting Agents , , . - , « ,i~.. ,. , 1#. or more hydroqumone arises irom caged radicals iormed

D ive rtin g  agent M  10%. sec"! A '  ^  A  \   ̂ C , , %  . .  . .None l 06 =t 0 06 directly and entirely from protonated nitramine (Chart
Hydroqumone 0.001 1.00 ± o'02 I, step 2 followed only by steps 3o and 3p). The pro-

«HC104 = 0.503 M, T = 40.0°. portion of 0 - and p-nitroanilines produced under these
conditions is different from that obtained under normal 
circumstances in the absence of reductant (step 2 

Effect of the Concentration of Diverting Agent.— The followed by steps 3o, 3p, 4f, and 4r). This implies
influence of the concentration of the reducing agent on that the isomer ratio resulting from free-radical re-
the product composition was very helpful in defining association (step 4r followed by steps 3o and 3p) is
the mechanism of the nitramine rearrangement. As different from that derived from the directly formed
the concentration of hydroquinone was increased from caged radicals (step 2 followed by steps 3o and 3p). It
0 to ca. 0.00015 M  the percentages of 0 - and p- is possible to estimate the proportions of isomers formed
nitro-N-methylanihne formed from N-nitro-N-methyl- in each sequence. The results are listed in Table IV
aniline decreased. Thus a bimolecular process mvolv- and t that the «structure” or average configura-
mg the diverting agent and the nitramine or an inter- ,. , f, , ,. , . , ,. .,
mediate derived from it was occurring. However, ^ n  of the caged radical pair differs depending on its
increasing the hydroquinone concentration above source (step 2 or step r).
0.00015 M  caused no further effect on yield. The ... „  „ „  , r ., a „ . . ,,, „
amount ot nitrite ion produced behaved in about the 7 7 . 3244 (1955).
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C h a r t  I group has had an opportunity to migrate far from its
Me Me origin.
| | The results of this study of the diversion of the aro-

PhNN02 + HA =5=* A + PhN+N02 matic nitramine rearrangement by reducing agents add

\ considerable detail to the mechanism of the isomeriza-2
* tion process and support the previously proposed radi

cal mechanism10 (Chart I)
+ Me

a NHMe ^^NHMe , I _ . t*_ r  +3-°— phjlj+. ,Nq2 Experimental Section

N02 ^^^NC2 I N-Nitro-N-methylaniline .—This compound was prepared by
H L H dcaee alkaline nitration of aniline followed by methylation of the

/  resulting N-nitroaniline without isolation of the latter substance.8
A p Rearrangement Conditions.—A 2.00-ml aliquot of a solution

4f *r of N-nitro-N-methylaniline in dioxane was added to a previously
-^-NHMe N̂HMe thermostatted (40.0 ± 0.5°) solution of 5.00 ml of 5.03 M per-

\ \ \  * ___ I I** * * '  chloric acid, diverting agent (if present), and c a .  40 ml of water
Me in a 50-ml volumetric flask. The contents of the flask were made

02N 02N | Up  t0 volume with water at 40° and the mixture was shaken and
H PhN+’ + -N02 thermostatted at 40.0 ±  0.5° for 60 min. Aliquots of this solu-

| tion were then analyzed for absorbance at 410 m̂ , the percentage
H of o- and p-nitro-N-methylaniline present, the nitrous acid

| | content, and/or the amount of N-methylaniline using the follow-
| f ing procedures.

PhNHMe NO - Total Absorbance.—A 5.00-ml aliquot of the rearrangement
solution was heated with 5.00 ml of 5% ammonium sulfamate 
solution in a 25-ml volumetric flask at 80° for 30 min. The 

Table IV solution was cooled and acetate buffer (15.0 g of sodium acetate
Composition of Rearrangement Product from trihydrate, 50.0 ml of water, and 50.0 ml of acetic acid) was added

Different Mechanistic Sequences (Per Cent Yield) *? 'br? g the v/”™e to 25‘° .“f  The mixture was shaken and itsabsorbance at 410 my. was determined.
-77S,eqr ° e °4 StlPq o ' Determination of o- and p-Nitromethylaniline.—Spectrophoto-

Pro u c t   ̂ + o, p o, p metric determination of these components of the reaction mixture
o-Nitro-N-methylaniline 68 31 was accomplished by the procedure described previously.1“
p-Nitro-N-methylaniline 32 69 Determination of Nitrous Acid.—Nitrous acid was assayed by

a gee Chart I. a colorimetric method.1“
Determination of N-Methylaniline.—14C-labeled nitramine was 

, , j s • „  rearranged as described above. The percentage of N-methyl-
Smce radical reassociation (step 4r) IS an equilibrium aniline formed was determined by isotope dilution analysis.1“

process, the resulting caged pair probably possesses the Rates of Rearrangement.—The methods described in previous 
lowest energy, most stable average configuration. The paperslb'° in this series were utilized to determine the kinetic
product composition in this case is therefore due to the constants for the acid-catalyzed rearrangement of N-nitro-N-
operation of ordinary electronic and steric effects. methylaniline in the presence and absence of diverting agents.
The much larger amount of ortho isomer in the prod- . w AT-, - , ln n
uct formed directly from the nitramine (step 2 followed No.-N-Nltro-N-methylamlme, 7119-93-9.
by StGpS 3 O a i l d  3 p )  might result if recombination of (g) yp y y jjitc , jjj. -p. W o lfa rth , J. R . K lin k , J. K in d ig , C . H athaw ay, 

the radicals is very rapid and occurs before the nitro and d . Lazdins, j . org. chem., 2 6 , 4 1 2 4  ( i9 6 i) .
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A New Synthesis of Isoxazoles from  1,4 Dianions of Oximes Having 
an a Hydrogen. Mass Spectrom etry1

Charles F. B eam , M organ C. D. D yer ,2® R ichard A. Schwarz, and Charles R. H auser213 

Paul M. Gross Chemical Laboratory, Duke University, Durham, North Carolina 27706 

Received September 19, 1969

T h e  1,4  d ia n io n s  o f  d e o x y b e n z o in  o x im e , a c e to p h e n o n e  o x im e , a n d  p a r a - s u b s t i tu te d  a c e to p h e n o n e  o x im e s  
w e re  p re p a re d  a n d  co n d e n se d  w i t h  a r o m a t ic  e s te rs  fo l lo w e d  b y  a c id  c y c l iz a t io n  to  g iv e  u n s y m m e tr ic a l 3 ,4 ,5 - t r i -  
a n d  3 ,5 - d is u b s t i tu te d  is o x a z o le s . T h e  s y n th e s is  o f  o th e r  is o x a z o le  ty p e s , u s in g  v a r io u s  o x im e  1 ,4  d ia n io n s , b y  
th is  c o n v e n ie n t a n d  u n e q u iv o c a l m e th o d  is  p re s e n te d . M a s s  s p e c tra  o f  u n s y m m e tr ic a l is o x a z o le s  a re  a ls o  d is 
cussed.

P r o b a b l y  t h e  m o s t  g e n e r a l  m e t h o d  f o r  t h e  s y n t h e s is  Scheme I

o f  is o x a z o le s  i n v o l v e s  t h e  c o n d e n s a t i o n - c y c l i z a t i o n  o f  CH3

h y d r o x y l a m i n e  w i t h  a  ¡3 d i k e t o n e ;  t h e  r e a c t i o n  o f  r,— \  | 2/.-c„H,Li

u n s y m m e t r i c a l  /3 d i k e t o n e s  o r  t h e i r  e n o l  e t h e r s  w i t h  x ( ) c y  ¡p "

h y d r o x y l a m i n e  g iv e s  u n s y m m e t r i c a l l y  s u b s t i t u t e d  i s -  NOH
o x a z o le s ;  h o w e v e r ,  t h e  r e a c t i o n  c a n  a n d  d o e s  g i v e  b o t h  la-c
possible isomers, although some selectivity has been -  f ~ \
achieved by controlling the pH of the reaction3-6 (eq 1). __  | 2 i y/ ~ \ coch __H C = C f /

R - C — CH x 0 < \  - , 0 ,  ' -  ’ O » - »  ~m c Vh2 nh2oh x= / no
I! I ------- *■ 3a—g
0 C— Ik 2a-c

( J
r — 0---- OH r,— c ___ CH based upon the ester. The structures of isoxazoles

II II + II II (!) 3a-g were supported by analysis and/or absorption
N^o'-C IF N'-'q-'-C Ik spectra. The melting points of known compounds

3a-e were in agreement with those previously reported.9 
The present paper describes an unequivocal method The infrared spectrum of 3a was essentially identical 

for the synthesis of substituted isoxazoles from the with the spectrum reported for this compound. 10 The
oxime of a ketone having an a hydrogen and from an infrared spectrum of each of the other six isoxazoles
aromatic ester. The oxime was converted to its 1,4- 3b -g was consistent with the assigned structure. For
dilithio salt with 2 molar equiv of n-butyllithium7 and the three pairs of isomeric 3 ,5-diarylisoxazoles 3b and
0.5 molar equiv of ester was added.8 The presumed 3 d, 3 c and 3 e, and 3f and 3g, the infrared spectrum of
intermediate keto oximes were not isolated, but were one iSOmer was similar to but not identical with that of
cyclized directly under acidic conditions to give sub- the ether isomer. No consistent pattern was discernible
stituted isoxazoles in good yields. in the three pairs of spectra to permit identification of

An unequivocal synthesis of unsymmetrical 3,5- one isomer of such a pair of unsymmetrically disubsti-
diarylisoxazoles was undertaken by aroylation of tuted isoxazoles.
several acetophenone and para-substituted aceto- The nmr of the seven isoxazoles 3a-g contained
phenone oxime dianions with methyl benzoate or methyl aromatic absorptions, plus a singlet due to the methoxy
para-substituted benzoates followed by acid cyclization group in 3c,e g. Each isoxazole had an absorption 
to the isoxazole (Scheme I). Dianion 2 was conve- signal in the region 5 6 .8-7 .211 which was assigned to
niently formed at 0 instead of —80 7 by the reaction of the proton at the 4 position of the isoxazole ring. When
2 mol of n-butyllithium/mol of oxime. Aroylation was this resonance signal was not complicated by other
accomplished in the manner of the Claisen aroylation8 aromatic absorptions, it appeared as a singlet which
with 0.5 mol of ester/mol of 2, and upon acid cycliza- integrated for one proton.
tion isoxazoles 3a-g were obtained in 50-60%  yield j n a manner similar to the procedure described above,

(1) Supported b y  the  Pub lic  H ea lth  Service, Research G ran t CA-0445S C e r t a in  5-paTO-SUbstituted 3,4,5-triarylisOXaZOleS W e r e
from  the N a tio n a l Cancer In s titu te  and the  N a tio n a l Science Foundation. prepared. The dianion of deoxybenzoin Oxime 4 W a S

(2) (a) N a tio n a l Aeronautics and Space A d m in is tra tio n  Trainee, 1967- p r e p a r e d  a n d  C o n d e n s e d  w i t h  V a r io u s  m e t h y l  a n d
1969. (b) Deceased. *

(3) See A . Quilico, “ The C hem istry  o f H eterocyclic Com pounds,”  Vol. m e t h y l  p d f C t - S U b s t l t u te d  b e n Z O S ite S  t o  g lV 6  t h e  C O IT e-
17, R . L . W iley , E d ., John W ile y  &  Sons, Inc ., N ew  Y o rk , N . Y ., 1962, S p O Ild ilX g  is o x a z o le s  5a~C i n  75“85%  y i e l d  ( S c h e m e  II).
Ch(4)‘ see.'for example, the  discussion in  K . M . Johnston and R . G. Schotter, T h e  St™CtureS of 5 a - C  Were Confirmed by absorption
j. chem. Soc., c, 177 4  (1968). s p e c t r a  a n d  c o m p o u n d s  5b a n d  5c w e r e  a ls o  s u p p o r t e d

(5) (a) See R . A . Barnes, “ Heterocyclic Com pounds,”  Vol. 5, R . C. b y  a n a l y s is  ( T a b l e  I).
Elderfield, Ed., John W ile y  &  Sons, In c ., N ew  Y o rk , N . Y ., 1957, p 454; r p r  „  „  i  V  i  . t . ,  r  • < l i  r  • i
(b) N . K . K ochetkov and S. D . Sokolov, A d v a n . H e te ro c y c l. C h e m . 2 , 366 A t e  general applicability of this method of ISOXaZole
(1963). synthesis was partially investigated. Isoxazoles were

See u .  Teurck and n .  Behrenger, c h e m  B e r .,  9 8 , 3020 (1965). successfully prepared by the condensation-cyclization
(7) I .  E . Henoch, K . G. H am pton, and C. R . Hauser, J .  A m e r .  C h em . J

S oc., 91, 676 (1969).
(8) The proportions correspond to  the  use of 2 m olar equiv of base and (9) C. Weygand, E . Bauer, and W . Heynemann, J u s tu s  L e ib ig s  A n n .

ketone and one of ester in  the analogous acyla tion  of a ketone, which has C h e m ., 459, 123 (1927).
been one of the  tw o  recommended procedures fo r such Claisen condensa- (10) A . R . I ia t r its k y  and A. J. Boulton, S p e d ro c h im . A c ta , 17, 238 (1961).
tions w ith  ester; see also C. R . Hauser, F. W . Swamer, and J. T . Adams, (11) K . Sirakawa, O. A k i, S. Tsushima, and K . Konish i, C h em . P h a rm .
O rg . R e a c t., 8, 113 (1954). B u l l .  (Tokyo), 14, 89 (1966),
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T a b l e  I

K.W B,

0
N m r, Sb

L it .  m p, M o l C4 H
Com pd R i R 2 R s %  M p , "C  « 0  (ref) w t M  + ° isoxazole

y ie ld

3a C6H6- H C6H5- 59 141-142,5» 141/ 6.83
3b C6H6- H j»-C6H4Cl- 59 179.5-180.5" 178-179» 255 7.18
3c C6H5- H p-C6H4OCH3- 51 127-128» 128' 251 6.89
3d p-C6H4Cl- H C6H5- 65 176.5-177.5" 175* 255 7.19
3e p-C6H4OCH3- H C6H5- 54 120.5-121.5» 121*' 251 6.75
3f p-C6H4Cl- H p-C6H4OCHs- 6 6  179-181".» 285 7.22
3g p-C6H4OCH3- H p-C6H4-Cl- 54 185,5-186.5".» 285 7.04
5a C6H5- C6H6- C6H5- 72 210-211» 210' 297
5b C6H6- C6He-  p-C6H4Cl- 80 174-176».« 331.0764 (C)

331.0760 (F)
5c C6H6- CeHr- p-C6H4OCH3-  79 162-163».» 327.1259 (C)

327.1257 (F)
6a C X  C6H6- 19 87-89».»^^(CH2)2-

6b Y Y  p-C6H4OCH3 37 146-147».» 277.1103 (C)
Sv'TCHy,- 277.1102 (F)

7a -(CH2)3-  C6Hr- 74 106-107».» 108-109* 185
7b -(CH2)4-  C6H5- 62 65-67» 67* 199
8 a p-C6H4OCH3- 47 139-141».« 252.0899 (C) 6.85

S r  252.0899 (F)
8b C6H5- H -CH2C6H5 28 79-80« 81' 235.0997 (C) 6.82

235.0992 (F)
“ Molecular weight determined by low- and high-resolution mass spectrometry. C = calculated; F = found. * Trifluoroacetic 

acid solvent. «Recrystallized from ethanol. " Recrystallized from benzene. « Satisfactory analyses (±0.30%) for C, H, N, and Cl 
(where applicable) were obtained for all new compounds reported (Editor), t C. Goldschmidt, Chem. Ber., 28, 2540 (1895). » P.
Grunanger, Gazz. Chim. Ital., 89, 1771 (1959). h G. Bianchetti, D. Pocar, and P. D. Croce, ibid., 93, 1714 (1963). ' Reference 9. > D.
E. Worrall, J .  Amer. Chem. Soc., 57, 2299 (1935). * G. Bianchetti and P. Grunanger, Chim. Ind. (Milan), 46, 425 (1964). ' G. S.
d’Alcontres and G. L. Vecchio, Gazz. Chim. Ital., 90, 1239 (1960).

Scheme II ably not the maximum obtainable, because of diminished
C6H5 C6H5 CbH4Y solubility of this dianion compared with the solubility

^CH-  !• v ( > C H ,  X ;— c of the dianions previously mentioned. Isoxazoles 7a
I — ------------- *- / \ and 7b are known and confirmation of structure was
c% ’ /  possible from comparison of melting points with those

CeH.P NO C6H5/  reported and their absorption spectra. The ester
4 5a-c component was also varied, and isoxazoles were pre

pared by condensation-cyclization with ethyl nicotinate 
of methyl or a methyl para-substituted benzoate with and ethyl phenylacetate to give 8a and 8b in yields of 47 
the oxime dianions of a-tetralone, cyclopentanone, and and 28%, respectively. Interestingly, precursor pyridyl 
cvclohexanone. The yields of the isoxazoles obtained 0 diketones for 8a have not been reported; thus the
ranged from 19 to 74% (6a,b and 7a,b). Isoxazoles 6a present procedure represents a convenient and direct

synthetic route to this new type of 5-substituted 
N"°\ N "°\ isoxazole. The low yield of 8b may be attributed in

(I /p part to an acid-base reaction between the oxime dianion
f  | I "C and the active hydrogen a to the carbonyl as shown in

(CH2)rt eq 2. This equilibrium may destroy some of the oxime
6a, X = H 7a, n = 3

b, X =  p-OCH3 b, n =  4 CH2

H C =C —R XC6H6C=NO”+ RCH2COOR'
0  CHs

XC6H4C=NO + RCHCOOR' (2)

8a, R- JJ dianion before the dianion could condense with the
b R_ _ CHCH ester; also, formation of the ester monoanion should

deactivate the ester toward attack by the oxime dianion. 
and b were characterized by analysis and absorption Attempts to prepare isoxazoles via aroylation of 
spectra. The yields reported (19 and 37% ) are prob- possible dianions of the oximes of m-nitroacetophenone,

New Synthesis of I soxazoles from 1,4 D ianions of Oximes J .  Org. Chem., Vol. 35, No. 6, 1970 1807



1808 J. Org. Chem., Y  61. 85, No. 6, 1970 B eam, D yer, Schwarz, and Hauser

phenacyl chloride, and a-dimethylaminoacetophenone and 3,5-diphenylisoxazoles12 13 ’ 14 15 that the substituent at
have been nonreproducible or unsuccessful. Isoxazoles, the 5 position of the isoxazole ring will be indicated by
if formed, were in trace amounts and were contaminated the presence of fragments arising from the loss of the
with intractable tarry material. substituent as a radical (M — Rs- peak) , 12 ’ 16 or from

Table I summarizes the isoxazoles which were pre- cleavage of the heterocyclic ring to give an aroyl cation
pared during this investigation and gives significant (R3—C = 0 + ) 1 2 - 1 5  (Scheme IV). The latter fragment,
data for each compound. when present, will lose CO and give the aryl cation, R3+.

The loss of a 5 substituent as a radical occurs in signifi-
Discussion cant amounts only when a stable radical is formed (e.g

r™ ,v . , , the benzyl radical in 8 b). The M — R3• ion then loseslhe synthesis described in the present work has mu t . , , ,  , ,
, j  , ,, , CO IX) give ill. The presence of metastable peaks forseveral advantages over previous methods: an un- ,, - .f  , c  , 1 ,. ,, . . , . „ , ... , , . the latter fragmentation confirms the contribution ofequivocal route to unsymmetncally substituted is- . . .  ? ., J , . , ,. this nathway to the intensity of ion m.oxazofes, readily available starting materials, compati

bility with a variety of substituent groups, and a short,
simple experimental procedure. Scheme IV-

The formation of the oxime dianion by the action of R Ri
n-butyllithium probably takes place by a stepwise V—V fr K T+
process where protons of significantly different acidities “ \ ----- y  '
are involved. In the case of a simple oxime of type 1, KCO -* J| II -,^¡{,¿=0 = 0

the first equivalent of base removes the more acidic 1 L ^ 0  +
hydroxyl proton of the oxime, and the second equivalent |-co ,  v RiC=NR;l
of base removes a proton a  to the oxime function. R+ /  \  V1

Evidence for the existence of such dianions has been T r̂co -r, \ - co
obtained by alkylation of 2  with benzyl chloride and /  ' \
n-butyl bromide. 7 In both cases, the alkylation
occurred at the more nucleophilic carbanionic site R,̂   ̂ R̂, Rî  / R2

rather than at the oxygen site. The aroylation of the V — - J  _co |j ~7 <C \ /
dilithio salt 2  (R = H) with methyl benzoate is similar \  / /  *  | /  \
to a- Claisen aroylation and should involve a similar N N + 0  | ’+
mechanism (see Scheme III) . 8 iii ¡v r.,

V

Scheme III 0 Looped arrows designate skeletal rearrangements during
fragmentation to the indicated ion or ion radical.

CHR | TT

0
1 l.C,HsCOOCHj ^ c— C6H5 t j j v  X XV.
I - 2. -LiocH3 RCLi l.Ht h,Q) In addition to these two primary fragmentation

C— NO —  I *" pathways, rearrangement-fragmentation involving the
2 C6H6C^ migration of the 5 substituent has been found to oc-

NOLi cur. 1 2 ’ 13 In the mass spectra of triarylisoxazoles 5a-c,
H OH 1 j| c H fragmentation involving the loss of phenyl ketene

r I I c H + \ /  6 5 radical recently noted by Kallury and Bowie13 has been
— 7 y~ e 5  ̂ j   ̂ confirmed. That the aromatic ring lost in the ketene

c H 2' H!° q H .^ N / 0  radical is not the 5 substituent was demonstrated by
L 6 5 -1 6 ° 3 retention of para-substituted phenyl groups of 5 -para-

substituted triarylisoxazoles in the ion vi.
T. ., , , a  , . .. , . . Loss of stable neutral fragments was observed inIn an attempt to find a readily available and simple systems where the 3  and 4  sitions of the isoxazole

method of identifying the isomers of a pair of unsym- ri were bridged by an aliphatic side chain (Scheme V).
metrically substituted 3,5-diarylisoxazo es, the mass In addition to the fragmentations involving cleavage 
spectra of many compounds prepared m this work were of the isoxazole ri fragmentations involyin* cleava"e
examined  ̂ In all cases an ion of relative intensity of aryl substituents were observed. These were con-
>50% arising from a fragmentation involving the 5 sistent with previously reported Ravages, e.g., loss of
substituent was observed. Thus, mass spectrometry CH|. in those compounds containing a method group,
permits the identification of the isomer obtained and Severn! doubly charged ions were present in the spectra
provides the needed check on the unequivocal nature of of the compounds studied) and in all cases Pn ion
various isoxazo e syn eses. corresponding to M2+was observed. No attempt was

Our findings have been confirmed by the recent work c , ,• ,, , F ,
r tv 11  ̂ a 1 1 2 1 /  j  xt 1 x j made to describe the fragmentation pathways for suchof Bowie, Kallury and coworkers1 2 1 3  and Nakata and doubl ch d species.

coworkers. 14 ’ 1 These investigators have correctly Taole II summarizes the major fragmentations which 
suggested on the basis of their work with alkylphenyl- 13 were 3bserved in the compounJ s stu(fles.

(12) J. H . Bowie, R. K . M . R . K a llu ry , and R. G. Cooks, A u s t.  J .  C h e m .,
22, 563 (1969).

(13) B . K . Simons, R . K . M . R . K a llu ry , and J. H . Bowie, O rg . M a s s  E x p e r i m e n t a l  S e c t io n .
S p e c tro m ., 2, 739 (1969).

(14) H . N akata , H . Sakurai, H . Yoshizum i, and A . Tatem atsu, ib id . ,  l ,  Ah analyses were performed by M-H-W Laboratories, Garden
199 (1968). City, Mich. Infrared spectra were obtained on Perkin-Elmer

(15) H . N akata , et al., ib id . ,  2 , 195 (1969). Model 137 and 237 spectrometers. The nmr spectra were ob-



Table II
Mass Spectral Data of Certain Isoxazoles0

Compd
no. M + M 2 + i  i i  i i i  iv  v  v i v i i

3b 255 (91) 127.5 (6.9) 139 (100)* 111 (19.5)* 116 (3) 144 (16) 227 (3.6)*
3c 251 (63.2) 125.5 (6 ) 135 (100)* 107 (5.5)* 116 (1.5) 144 (2) 223 (0.3)*
3d 255 (63) 127.5 (6.3) 105 (100) 77 (27)* 150 (2.5) 178 (5.5) 227 (1.5)*
3e 251 (100) 125.5 (9.9) 105 (51) 77 (25)* 146 (4) 174 (8.5) 223 (0.6)*
3f 285 (85) 142.5 (5.5) 135 (100)* 107 (4.5)* 150 (1.7) 178 (1.1)
3g 285 (100) 142.5 (7) 139 (58) 111 (15)* 146 (31) 174 (9.2)
5a 297 (100) 148.5 (3.9) 105 (92.2) 77 (33.3)* 192 (2.2) 220 (1.9) 269 (2.5)* 180 (33.3)*
5b 331 (97) 166.5 (3.1) 139 (100) 111 (30.3)* 192 (2.7) 220 (1.6) 303 (3.2)* 214 (54.4)*
5c 327 (95) 163.5 (5.3) 135 (100) 107 (5.7)* 192 (2.7) 229 (2.4)* 210 (52.5)*
6 b 277 (100) 138.5 (1.2) 135 (50.0) 107 (7.1)* 142 (1.5) 249 (5.1)*
7a 185 (30.6) 92.5 (0.8) 105 (100) * 4 77 (83.3)* 80 (3.1) 108 (2.2) 157 (4.4) 117 (8.3)
7b 199 (100) 99.5 (21.0) 105 (63.2)*» 77 (26.3)* 94 (21.1) 122 (1.8) 171 (1.1)* 117 (2.9)
8 a 252 (100) 126 (10) 106 (33.4) 78 (26.2)* 146 (11.3)** 174 (24.2)
8b 235 (608) 117.5 (2.5) 91 (8.4)« 116 (S)*d 144 (100)*

O ther fragments^

3b: 258 (5.5) [M + 3]; 257 (30) [M + 2|: 256 (19.5) [M + 1]; 254 (14) [M -  1]; 141 (33) [i + 2]; 113 (7.5) [ii + 2]; 89 (5.5);
81 (9.5); 77 (7.7); 75 (5.9); 73 (5.2); 69 (18.3); 57 (7.3); 55 (7.0); 51 (6 ); 43 (7.4); 41 (7.3). 3c: 252 (19) [M + 1 J; 136 (11)
[i + 1]; 92 (7.2) [ii -  CHJ; 77 (22.1). 3d: 257 (22) [M + 2]; 256 (11) [M + 1 ]; 106 (7.6); 69 (5.5); 51 (5) [77 -  C2H2], 3e:
252 (22) [M + 11; 135 (48)*.» 3f: 288 (5.2) [M + 3]; 287 (29.1) [M + 2]; 286 (15) [M + 1]; 136 (9.1) [i + 1]: 92 (6.2) [ii -
CH3] ; 81 (5); 77 (10); 69 (11). 3g: 288 (6 ) [M + 3]; 287 (33) [M + 2]; 286 (19) [M + 1]; 270 (6 .8 ) [M -  CH3[; 149 (16);
141 (17) [i + 2]; 138 (7.5); 137 (10); 97 (5.7); 95 (6.2); 83 (7.5); 82 (6 ); 81 (19); 73 (9.5); 71 (9.5); 70 (6.5); 69 (48); 6 8  (6.5);
67 (5); 60 (8.5); 57 (17); 56 (5.5); 55 (14); 43 (16.5); 41 (17.6). 5a: 298 (24.2) [M + 1]| 166 (6.3); 165 (14.5); 106 (7.1); 89
(9.4) ; 51 (5.5) [ii -  C2II2], 5b: 334 (8.4) [M + 3]; 333 (34.9) [M + 2]; 332 (25.4) [M + 1]; 216 (17) [vi + 2 ]; 165 (19.1); 148
(5.5) ; 141 (31.7) [i + 2]; 140(7.9;; 113 (21.4) [ii + 2]; 112(7.9); 89(13.9); 51(5.2). 5c: 328 (24) [M + 1 ]; 211 (7.9) [vi + 1];
196 (5.8); 181 (5.3); 136 (9.5) [i + 1]; 92 (7.4); 89 (7.4); 78 (13.1); 77 (15.3). 6 a: 278 (13.7) [M + 1 ]; 262 (7.1) [M -  CH3]*; 
248 (23) [M -  HCO]; 234 (1 1 .1 ) [M -  (CH3 + CO)]; 233 (5.1) [M -  (HCO + CH3)]; 218 (9.1); 133 (6.0); 92 (9.4) [ii -  CH3];
89 (5.8); 77 (14.6). 7a: 186 (4.9) [M + 1 ]; 156 (14.7) [M -  HCO]; 130 (9.3); 129 (12.8); 115 (9.4); 106 (8 ) [i + 1 ]; 103 (13.3);
78 (8 .6 ) [ii + 1]; 53 (5.6); 52 (6.1); 51 (30.6) [ii -  C2H2]; 50 (7.5); 42 (8.3). 7b: 200 (14.7) [M + 1 ]; 143 (7.1) [M -  C4H8]; 
106 (5.5) [i + 1]; 104 (5.5); 91 (21); 51 (6.3) [ii -  CH2]2. 8 a: 253 (17.5) [M + 1]; 237 (21) [M -  CH3]*; 221 (5), [M -  CH30]*; 
51 (6.3) [ii -  HCN). 8 b: 236 (18.4) [M + 1 ]; 145 (12.5) [iv +1]; 89 (4.1) [iii -  HCN]*; 77 (16); 76 (10)

° Tabulated are m/e (relative intensity) for the molecular ion, doubly charged molecular ion, and ions corresponding to general 
structures i-vii in Schemes IV and Y. Asterisks indicate fragmentations for which metastable peaks were observed. All observed 
metastable peaks agree to ±0.2 of the calculated value. 4 Metastable peaks at 77.2 and 51.4 indicate that two fragmentations 143 — 
105 and 185 —*■ 105 contribute to the intensity of this ion fragment. c Metastable peak at 77.1 indicates that fragmentation 143 —► 105 
contributes to the intensity of the 1C5 ion peak. d Metastable peaks indicate that these fragments arise in part that iv by loss of CO or CO. 
«This fragment shows no evidence of arising from fragmentation, Scheme IV. > Ions of relative intensity >5%. Data which are in 
brackets indicate postulated origin. Since high resolution was not employed except for select cases, ions of other elemental composition 
than those indicated may contribute to the reported peak. « High resolution indicates that this ion has the composition C8H7 0 2 (mol wt 
calcd 135.0445, found 135.0449); metastable peak indicates that it arises from the molecular ion.

Scheme V downfield (5) from an internal tetramethylsilane (TMS) standard.
_.+ ,+ Mass spectra were taken at the Research Triangle Institute for

Mass Spectrometry, Durham, N. C., on an MS-902 mass spec- 
\ / trometer.16 Melting points were taken on samples in open capil-
[j— i lary tubes in a Thomas-Hoover melting point apparatus and are

q  ̂ \_uncorrected. Tetrahydrofuran (THF) was distilled from lithium
6 0  "*(j 0 J aluminum hydride immediately before use. The n-butyllithium

was obtained from Alfa Inorganics, Inc., Beverly, Mass., and 
! I was used as supplied.
’ General Procedure for Conversion of an Oxime to Its Dilithio

\ Salt.—To a stirred solution of 0.025 mol of oxime in 100 ml of
\ X) V-— 1 THF, which was cooled to 0° under a nitrogen atmosphere, was
A—/  — l  added during 5 min 22.5 ml (0.05 mol) of 2.25 M n-butyllithium.
II p tt Jj  C H After 30 min, the solution was assumed to contain 0.025 mol of

N A / 0 5 ° ° dilithio salt, which was condensed with an ester as described
.+ \ /  •+ below.

\  /  General Procedure for Aroylation17 of Dilithio Salt Followed by
Acid Cyclization to Form Isoxazole.—A 0.0125-mol sample of the 

„—1— ester dissolved in 15 ml of THF was added during 5 min to a 
III q jj solution containing 0.025 mol of dilithio salt (prepared as de
li j . /  6 0 scribed above). After stirring at 0° for 15 min, the mixture was

(¿■QJ neutralized with 100 ml of 3 N hydrochloric acid. The mixture

I was then heated at reflux temperature for 1 hr and cooled, and
________

q _ _ 0 __.q __ Q ]-j_ (16) The authors th a n k  D r. D av id  Rosenthal fo r the  mass spectral deter
m inations, w hich were done a t the  Research T riang le  Mass Spectrom etry 

v  * C enter supported b y  Special F a c ility  G ran t N o. Fr-00330-01, N ationa l
In s titu te s  of H ealth.

tained using a Varian A-60 nmr spectrometer using trifluoroacetic (17) Condensations of the oxime d ianion w ith  e th y l phenyl acetate
acid as a solvent, and shifts are reported in parts per million followed b y  acid cyclization were carried o u t using th is  procedure.
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the layers were separated. The aqueous layer was neutralized formed, 5-10 ml of methanol was added and crystallization
with sodium bicarbonate and extracted with three 50-ml portions occurred upon refrigeration of the mixture. Recrystallization
of ether. The combined ether extracts were concentrated at was effected with ethanol or benzene (see Table I). 
reduced pressure on the steam bath.18 If the residue contained . , ,  ,  oc„n n o
a mixture of solid and an oil, it was washed with 10 ml of cold Registry 1 1 0 . 3b, 1148-87-4; 3c, 3b7 2-51-3; 3d,
(0°) methanol and filtered immediately. If a solid was not 24097-17-4; 3e, 3672-52-4; 3f, 24097-19-6; 3g, 24097-
---------------- 20-9; 5a, 22020-72-0; 5b, 24097-22-1; 5c, 24097-23-2;

(18) C onveniently, c rysta lliza tion  was found to  be hastened i f  the  ether 6a, 24097-24-3; 6b, 24097-25-4; 7a, 24097-26-5; 7b,
extracts were n o t dned before rem oval of excess solvents, especially when 1 ^  '  7 '  1

p -m ethoxyary l isoxazoles were synthesized. 24:09/ -27-6 j 8 9 .y 24162-37-0) 8bj 18753-56-5.

Racem ization of Amino Acid Derivatives. R ate of Racem ization and 
Peptide Bond Form ation of Cysteine Active Esters1

J . K ovacs, G. L. M ayers, R. H. Johnson, R. E. Cover, and U. R. Ghatak

Department of Chemistry, St. John’s University, Jamaica, New York 111,8%

Received December 1, 1969

It is demonstrated that N-carbobenzoxy-S-benzyl-L-eysteine active esters do not racemize via a “/3-eliminadon- 
readdition” mechanism in the presence of triethylamine. Racemization and coupling rate constants of several 
N-earbobenzoxy-S-benzyl-L-cysteine esters are reported. The rate data indicate that (a) the required coupling 
time in some cases is considerably less than usually used in preparative work and (b) an N-protected amino acid 
containing a fast-coupling active ester can be joined with a slowly reacting active ester to yield optically pure 
carboxyl-activated intermediates which are useful for the preparation of high molecular weight sequential poly
peptides. Comparison and evaluation of the coupling and racemization rate data allows selection of the "best 
suited” active ester for peptide bond formation under the conditions employed.

The most important problem in peptide synthesis is anism.6—The racemization of N - carbobenzoxy - S-
to avoid racemization. Racemization through an benzvl-L-cysteine pentachlorophenyl ester with ex-
oxazolone2 intermediate has been studied in detail and cess triethylamine was studied in the presence of benzyl
is well understood. However, some amino acid deriva- mercaptan-35S. The partially racemized active ester
tives, where oxazolone formation is believed to be was isolated without any incorporation of radioactive
absent, have been found to racemize in the presence of sulfur.7 On the other hand, racemization of N-carbo-
base.3 It has been suggested that racemization of benzoxy-S-benzyl-L-cysteine p-nitrophenyl ester under
these derivatives proceeds through «-hydrogen ab- identical conditions resulted in partially racemized N-
straction.3 The unusual facility with which cysteine4 carbobenzoxy-S-benzylcysteine thiobenzyl ester8 (77%
and serine5 derivatives racemize has been attributed to yield) which contained one equivalent of radioactive
a “/3-elimination-readdition” mechanism.6 Even N- sulfur. The position of the sulfur-35 was established
carbobenzoxy- and N-(-butoxycarbonyl-S-benzyl-L- by hydrazinolysis of the thiobenzyl ester. The cor-
cysteine active esters racemize in the presence of tri- responding hydrazide showed complete absence of the
ethylamine.8a’c incorporated sulfur-35.

In this paper we report studies on the mechanism of These experiments clearly confirm that 5-elimination- 
racemization and the comparison of the rates of racemi- readdition is not the mechanism for the racemization of
zation and peptide bond formation of N-carbobenzoxy- N-carbobenzoxy-S-benzyl-L-cysteine active esters under
S-benzyl-L-cysteine active esters as a model for peptide these basic conditions. This result leads one to
synthesis. These studies led to important conclusions conclude that racemization of cysteine derivatives
concerning the choice of an active ester for the synthesis proceeds through abstraction of the a hydrogen,
of oligopeptides as well as high molecular weight se- Racemization of N-Carbobenzoxy-S-benzyl-L-cys- 
quential polypeptides. teine Active Esters.'—The racemization of the active

Evaluation of the /3-Elimination-Readdition Mech- esters listed in Table I was carried out in tetrahydro-
(i) Part III of a senes on racemUation studies of amino acid derivatives. furan solution in the presence of triethylamine under

For parts i and ii see ref 6. strictly anhydrous conditions. When anhydrous sol-
,, cioodman and L. Levine, j. Ainer. Chein. Soc.. sg, 2(118 (x964)! vents were used but manipulations were not carried
(b) M . Goodman and K . C. Steuben, J .  O rg . C hem ., 27, 3409 (1962). (o) . , , , .
M . W . W illiam s and G. T . Young, “ Peptides,”  Proceedings of the  F if th  O l l t  ID. R d r y D O X j tu G  rR CG HllZR TJO n. O l SOH16 O I t i lG  R C tlV G

European Peptide Symposium, Oxford, 1962, G. T . Young, Ed., Pergamon, e s te r s  W a s  a c c o m p a n ie d  b y  h y d r o l y s i s  w h i c h  U S U a lly
London, 1963, p 119; (d) G. T . Young and I .  Antonovics, A c ta  C h im .

(B u d a p e s t) , 44, 43 (1968); (e) M . Goodman and W . J. M cG ahren, J .  A m e r.

C hem . Soc., 87, 3028 (1965); (f) M . Goodman and W . J. M cGahren, T e tr a -  (7) The readdition of benzyl mercaptan to  N -carbobenzoxydehydroalanine
h e d ro n , 23, 2031 (1967); (g) J. Kovacs, L . K is fa ludy , M . Q. C eprin i, and pentachlorophenyl ester yielded racemic N-earbobenzoxy-S-benzylcysteine
R. H . Johnson, ib id . ,  25, 2555 (1969). pentachlorophenyl ester. On the other hand, N -carbobenzoxydehydroalanine

(3) (a) G. W . Anderson, F . M . Callahan, and J. E . Zim m erm an, A c ta  p -n itrcp h en y l ester on reaction w ith  1 equiv of benzyl m ercaptan under sim -
C h im .  (Budapest), 44, 51 (1965); (b) B . L iberek and A. M ich a lik , ib id . ,  44, ila r conditions yielded a complex m ixture, tw o  components of w hich are
71 (1965); (c) B . L iberek, T e tra h e d ro n  L e t t . ,  925 (1963). N-carfcobenzoxy-S-benzyl-DL-cysteine p -n itrophenyl ester and N -carbo-

(4) (a) J. A . M acLaren, W . E . Savige, and J. M . Swan, A u s t.  J .  C h e m ., benzoxy-S-benzyl-DL-cysteine th iobenzyl ester. When the above reaction
11, 345 (1958); (b) M . Bodanszky and A. Bodanszky, C hem . C o m m u n .,  was run  w ith  2 equiv of benzyl mercaptan, N-carbobenzoxy-S-benzyl-DL-
591 (1967). cysteine th iobenzyl ester was isolated in  high yie ld.

(5) (a) E . Schnabel, Z .  P h y s io l.  C h em ., 314, 114 (1959); (b) Z. Bohak (8) T h is  unexpected difference in  the  behavior between th e  p -n itro -
and E . Katcha lski, B io c h e m is try , 2, 228 (1963). phenyl ester and the pentachlorophenyl ester in  ester exchange reaction w ith

(6) P re lim inary  com m unications: J. Kovacs, G. L . M ayers, R . H . John- benzyl mercaptan led to  the  investigation of the reaction of several o ther ac-
son, and U . R . Ghatak, C hem . C o m m u n ., 1066 (1968); J. Kovacs, G. L . tiv e  esters w ith  benzyl mercaptan. The data in  Table IV  suggest th a t steric
M ayers, R . H . Johnson, R . E . Cover, and U. R. Ghatak, ib id . ,  53 (1970). effects m ay p lay a role in  th is  ester exchange reaction.
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manifested itself both as a residual rotation which re- Table II
mained practically constant for a considerable length The Second-Order Coupling Rate Constants for
of time and by diminution of the active ester carbonyl the Reaction of N-Carbobenzoxy-S-benzyl-l-cysteine 
absorption in the infrared spectra.9 Table I gives the Active Esters with Valine Methyl Ester“
second-order rate constants which were determined for R of z-Cys-R
the racemization of N-carbobenzoxy-S-benzyl-L-cys- ¿ ZL t̂lmTmin''
teine active esters.10 These values were shown to be -OPFPM 40 4 ±  9 2 9
true second-order rate constants by carrying out ex- -ODNP (2 4)m 18.4 ±  3 6 3
periments at 1, 7, and 35 equiv of triethylamine/mol -OSuM 5.44 ±  0.7 21
of ester. -ODNP (2,6)!>'e 1.73 ±  0.2 67

-OPCP“' 1.72 ± 0.2 62®
Table I OTCP (2,4,5)  ̂ 0.298 ± 0.03 385

The Second-Order Racemization Rate Constants 0 105:±: 1033
for the Reaction of Carbobenzoxy-S-benzyî cysteine ^ C P  2,4,6 • 0.0626 ± 0.002 1856

Active Esters-  with Triethylamine“.* - ° TBP <2’4’6)6 7 0 0215 ± 0 006 - 5310
R of Z Cys R “ 23 ^ 10> ln tetrahydrofuran. b The concentration of the

j ' *“ krac y jQ4 active ester and valine methyl ester was 0.13 M. c The concen-
Bzl M ~' sec-1' tration of this ester and valine methyl ester was 0.0845 M.

48 8 ±  2 d Plie averaSe °f f°ur experiments. e The average of three ex-
„ periments. s The average of two experiments. »This value is

based on an initial concentration of 0.0845 M.-ODNP (2,4)“ 29.6 ± 2
-ODNP (2,6)“ 29.0 ± 2
-OTCP (2,4,5 )d 4.88 ± 0 . 6  techniques employed. Column 3 in Table II indicates
-OPCP“ 4.14 ± 0.2 the time required for 90% completion of the coupling
-ONP“ 3.94 ±  0.3 reaction. The reaction between the phenyl ester and
-OTCP (2,4,6)“ 0.80 ±  0.05 valine methyl ester was too slow to follow; the penta-
-OPBP' 0.414 ±0.02 bromophenyl ester was insoluble in the solvent medium.
-OTBP (2,4,6)“ 0.1718 ±0.001  The “activity” of esters in Table II is practically

0; 0972 ± . 0 '002 parallel with the rates of racemization recorded in
~ unxi ° ,aceimzatK)n Table I with the exception of the hydroxysuccinimide-NHCH2C02Et No racemization' ester

“23 ± 1°, in tetrahydrofuran. • The concentration range of . ’. . , , j. , , j. ., , • „
triethylamine was 0.22-0.36 M. “ The average of two experi- . As 18 evldent from thf e data> even f o r . t h e  stencally 
ments. d The average of four experiments. e 3.6 equiv of tri- hindered valine methyl ester, the required coupling
ethylamine. ' Up to 7 days. time, in some cases, is considerably less than that

usually used in preparative work. For example, from 
Aminolysis Rate Studies of N-Carbobenzoxy-S- the reaction of N-carbobenzoxy-S-benzyl-L-cysteine

benzyl-L-cysteine Active Esters.—The second-order pentafluorophenyl ester and valine methyl ester, the
rate constants for peptide bond formation between dipeptide was isolated in 90%  yield after 5 min of re-
N-carbobenzoxy-S-benzyl-L-cysteine active esters and action time. Peptide formation employing minimum
L-valine methyl ester are reported in Table II. l- required coupling time would lessen the danger of
Valine methyl ester was chosen for these reactions, racemization. The rate data of Table II also indicate
since other methyl esters such as glycine and phenyl- that a rapidly reacting N-protected active ester, such
alanine react too fast to be followed by the infrared as N-carbobenzoxy-S-benzyl-L-cysteine pentafluoro

phenyl ester, may be coupled with slowly reacting
(9) In  the  study of the  racem ization of N-carbobenzoxy-S-benzyl-L- a m in O  a c id  a c t i v e  e s t e r  S U c h  aS g l y c i n e  p - n i t r O p h e n y l

cysteine p -n itropheny l ester, in  w hich anhydrous te tra h yd ro fura n  was used . . .  v * i i  . / » ■ , , »  j  j * r
w ith o u t m anipulation  being carried out in  a drybox, atmospheric m oisture G S t© r W i t h  a  n G g l lg lb lG  a m o u n t  O I S e lf - C O n d e n S a t lO n  O I

was absorbed b y  the  solvent. T h is  led to  hydrolysis and from  the  solution t h e  l a t t e r .  T h e  N - p r o t e c t e d  d i p e p t i d e  p - n i t r o p h e n y l

a a s r .  ¡ s s s s z s r s r e s ' s r s :  « .  * * * *  m ^  «  « u .  <* M
zation of N -carbobenzoxy-L-phenylalanine p -n itrophenyl ester in  ch loroform  the glycine active ester is expected tO react the fastest
solution (c  3.8) in  the  presence of 7 equiv of tr ie thy la m in e ; the apparent j n  gelf-condensation. This Variation of the “backfog-
specific ro ta tio n  changed fro m  — 7.4 to  12.1; N -carbobenzoxy-L-phenyl- , .
alanine had a specific ro ta tio n  of [<«]«d 87.6° (c 3.o, ch loroform  conta in ing off procedure11 would be very important for preparing 
7 equiv of trie thy la m in e). intermediates for optically pure sequential polypep-

(10) The fo llow ing  abbreviations have oeen used: Z —  carbobenzoxy; 2g 12
B Z L  =  benzyl; Su =  N -hydroxysucc in im idy l; P F P  =  pentafluorophenyl; tlC lG S.
d n p  (2 ,4 ) =  2 ,4-d in itrophenyi; d n p  (2 ,6 ) =  2 ,6-d in itro p h en y i; t c p  Rate Factors Influencing the Optical Purity of N-

Carbobenzoxy Ammo Acid Esters during Peptide Bond
phenyl; t b p  (2 ,4 ,6 ) = 2,4,6-tribrom ophenyi. The know n esters listed Formation.—Since a desired feature for peptide syn-
below were prepared b y  the method described fo r the  pentachlorophenyl t h e s j s jg  raCemization-free amide bond formation, a
ester. N -hydroxysuccm im ide ester, m p 90-91°, [aJ22D — 58.5 (c 1.8,
dioxane) { l i t .  m P 91-92°, [« ]D - 5 8 °  ±  2.9° (c  1.746, dioxane), p riva te  com- f a v o r a b l e  r a t i o  b e tw G G n  c o u p l i n g  a n d  r a c G m iz a t io n

m unication from  D r. G. W . A nderson); pentafluorophenyl ester, mp 8 3- r a te S  m u s t  e x i s t  i f  h i g h  m o le c u la r  W e ig h t ,  O p t i c a l l y  p u r e
84°, [<x]d — 40.0° (c  2.05, te tra h yd ro fu ra n ), prepared in  th is  la bora tory  b y  . . , £  n  ,
J. R oberts; p -n itrophenyl ester, m p 94-95°, [« ]22d -4 3 .6 °  (c 1, d im e th y l- p o l y p e p t i d e s  a rG  tO  b e  o b t a in e d .  T h e  to l lO W m g  g e n e r a l

form am ide) ( l i t .  mp 93-94°, - 4 2 ° (c i ,  d im ethyiform am ide), m . s c h e m e  w a s  u s e d  t o  d e r i v e  e q u a t i o n s  from which t h e

f,1!,“ “ ” " ! ;  optical purity of ,  peptide could be evaluated where
¡ l i t .  mp 111-112°, [a ] i0D - 6 2 °  ±  2° (c 1, e th y l acetate), G. Kupryszeivski,
R ocz. C hern., 37, 593 (1963)); phenyl ester, mp 100-101°, [« ]23d -1 0 .9 °  (11) M . Goodman and K . C. Steuben, J .  A m e r .  C hem . S oc., 81, 3980
(c 2, chloroform ) { ( l i t .  mp 100—102°, [orjD — 11.0° (c 1, ch loroform ), G. (1959).
B lo tnz, J. B ie rnat, and E . Taschner, J u s tu s  L ie b ig s  A n n .  C hem ., 663, 194 (12) (a) J, Kovacs, R . G ian n o ttl and A . Kapoor, ib id . ,  88, 2282 (1966);
(1963)}. (6) J. Kovacs, L . K is fa ludy, M . Q. Ceprini, ib id . ,  89, 183 (1967).
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if“ “va+*T) where fcc and kc' are the coupling rate constants for
Z-Cys-OR k —— Z-D-Cys-OR esters E  and E '. In our systems where racemization is

.¿ZL slow relative to coupling, large differences between kc
E E / and kc should not affect the validity of our conclusions.

In the model system studied, namely, the coupling of 
jH-VaroMe k I H-Vaî -OMe (1) N-carbobenzoxy-S-benzyl-L-cysteine active esters with

’ L-valine methyl ester hydrochloride in the presence of
Z-Cys-Val-OMe Z-D-Cys-Yal-OMe triethylamine in tetrahydrofuran solution at room

¿ZL BZL temperature, the values of (Cp/Cp-)» can be evaluated
p p* from the rate data presented in Tables I and II. The

HCl-H-Val-OMe +  TEA ^H-Val-OMe +  TEA• HC1 value that was used for in this evaluation was l/Jtrac 
T "" Y given in Table I. Inasmuch as experimental results

show that even an excess of valine methyl ester causes 
E  is the starting ester, E ' is its enantiomer, P  is the n0 racemization during active ester coupling, fcj in eq 9
optically pure peptide, P  is the undesired diastereomer, may be neglected. Since If is a constant depending
V is the coupling base, T is a base added to release V upon the reaction system, the ratios of kc/k2, which are
from its acid salt, kt: is the second-order coupling rate presented in Table III indicate the relative extents to
constant, and ki and k2 are the interconversion rate con
stants of E  and E ' for V and T, respectively.

The following assumption was made in deriving the Table III
rate expressions given below. The coupling rate con- Ratio of Coupling and Racemization Rates
stant, fc0, is identical for reactions of both E  and E '. R of z-Cys-R

=  - ( f c c  +  fci)CE.C v  -  fcaCE 'C i +  h C s C - r  +  k tC EC v (2 ) BZL 2 T p /C p ' ) »—OJr x1 Jr 245 62
dCp -ODNP (2,4) 124 35
"dT = fcoCmCv (3) -OPCP 83 25

-OTBP (2,4,6) 25 11
= fc0CE,CV (4) -OSu 22 11

-OTCP (2,4,6) 16 9
from which one may write -OTCP (2,4,5) 12 7.1

-ODNP (2,6) 12 6.7
/CV\ f<rCECvdt -ONP 5.3 4.2
\Cp'/co fô CE'Cvdt J

Making the steady-state assumption for E ', solving for , • , , . ,.
n \  j  i ... .. • , r which these active esters are susceptible to racemization(Ce'C v), and substituting into eq 5, the product ratio , rf °  s during coupling.

ecomes The values tabulated for (Cp/Cp')» in Table III
/Op \ = _____ (fcc +  fci) /o”CECydi ^  were obtained from analog computer simulations for
\Cp'/„ /o"(fciCECv +  k2(Ce — Ce-)Ct) di the coupling system containing 1 equiv of valine methyl

but, since in the steady state, Ce »  C'e ', we may write ester hydrochloride, 1 equiv of N-carbobenzoxy-S-
benzyl-L-cysteine active ester, and 2 equiv of triethyl- 

(yr-) = v-l/x j r - w t w t T) (7) amine. Similar conditions are commonly present12-14
P’ " 0 1 E v 2 E T in the synthesis of high molecular weight sequential

If one further assumes that (a) equimolar amounts of polypeptides.
T  and the acid salt of V are present at the start of the Standard analog programming techniques were used15 
reaction in a homogenous system and (b) T and V are employing the experimentally determined rate con- 
in equilibrium throughout the reaction, then stants for each system. The initial concentrations for

c _ KC the active ester, the free valine methyl ester, and the
T v triethylamine were all taken as 0.129 M. These initial

Substituting for CT from eq 8 into eq 7 gives conditions assume that triethylamine instantaneously
/C \ k + k releases the free valine methyl ester from its acid salt.
\Cp' /  = k°+ fc2g  (-0 The computer simulations permit the evaluation of

r ‘ the product ratios, (Cp/Cp')«, without making the
The values of (Cp/Cp-)» expressed in eq 7 and 9 repre- steady-state assumption.
sent the maximum amount of the undesired diastereo- As can be seen from Table III, the computer-derived
mer that could form under the experimental conditions product ratios parallel the k(./k2 ratios derived using the
assumed. steady-state assumption; however, these ratios are not

In the case where racemization is rapid relative to linearly related. This nonlinearity could be due to the
coupling, and if the coupling rate constants differ for fact that the steady-state assumption may be invalid
the l and d active esters,13 eq 9 becomes for systems with small kjk2 ratios and the fact that the

two sets of computations are based on disparate as- 
(z w)  = tr  (10) sumptions about the nature of the equilibrium between

__________  P’ ” c’ the two bases.

(13) W . Steglich, D . M ayer, X . Baroeio De La Lama, H . Tanner, and F. (14) J. Kovacs, G. N . Sehmit, and U. R. Ghatak, B io p o ly m e rs ,  6, 817
Weygand, “ Peptides,”  Proceedings of the  E ig h th  European Peptide Sym- (1968).
posium, N oo rd w ijk , The Netherlands, Sept 1966, N orth -H o llan d  Publishing (16) A . S. Jackson, “ Analog C om putations,”  M cG ra w -H ill Book Co.,
Co., Am sterdam, 1967, p 67. New  Y o rk , N . Y „  1960.
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Since optimum synthesis conditions are those in ester was recrystallized from dimethylformamide-methanol,
which (Cp')oo is minimized (racemization is small), mP 196-197°, H 22d -40.9° (c 2.04, tetrahydrofuran), xKBr
the most desirable active ester would be one in which SfiiiMireeter).
the product ratio IS  largest. Where racemization IS  1.72; S, 3.93; Br, 48.96. Found: 0,35.43; H,2.20; N,2.01;
critical, such as cysteine, these data indicate that the S, 3.69; Br, 48.21.
p-nitrophenyl ester, one of the active esters most fre- N-Carbobenzoxy-S-benzyl-L-cysteine 2,4,6-Tribromophenyl
quently used in coupling, would produce more of the Ester. The yield was 80%; recrystallization from ethyl acetate-
undesired diastereomer under these conditions than h ^ f u ^  ~~48'6° (C3'24’ ^
any of the other esters investigated. Anal. Calcd for C24H20NO4SBr3: C, 43.79; H, 3.06; N,

2.13; S, 4.87; Br, 36.42. Found: C, 43.96; H, 2.98; N, 
2.05; S, 4.90; Br, 36.30.

Experimental Section N-Carbobenzoxy-S-benzyl-L-cysteine 2,4,5-Trichlorophenyl
... ... . . , , , , , . , . Ester.—The yield was 92%, mp 92-93°. It was recrystallizedAH melting points are uncorrected and were determined in a from ethyl acetate-hexane, mp 92-93°, M22d - 4 3 .9 ° (c 2 .5 ,

Thomas-Hoover melting point apparatus. The kinetics of tetrahydrofuran), XK b , 5.62 M (active ester),
racemization were studied either on the Rudolph photoelectric AnaL Calcd for C24H2„N04SC13: C, 54.92; H, 3.84; N,
polarimeter, Model 200S-340-8006, or on the Cary Model 60 2.67; S, 6.11; Cl, 20.26. Found: C, 55.08; H, 4.15- N
recording spectropolarimeter. Coupling kinetics were studied 2.54- S 5.77- Cl 20.52.
on a Beckman Model IR-8  spectrophotometer. All kinetic N-Carbobenzoxy-S-benzyl-L-cysteine 2,4-Dinitrophenyl Ester, 
studies were done m a constant temperature room (23 ±  1°); _ The yield was 73%> mp 9 3_9 5°. It was recrystallized from
no other thermostatting was used. All computer data were absolute ethanol, mp 98-100°, M25n -61.5° (c 2.54, tetra-
obtained from two slaved EAITR-20 analog computers. Radio- hydrofuran), X k b ,  5.62 M (active ester).
active samples were counted on a Tn-Carb liquid scintillation AmL Calcd for C24H21N308S: C, 56.36; H, 4.14; N, 8 .2 2 ;
spectrometer (Packard Model 2 0 0 2 ). 8,6.27. Found: C, 56.65; H, 4.56; N, 8.31; S, 6.31.

Solvents and Reagents.—Tetrahydrofuran was purified by N Carbobenzoxy-S-benzyl-L-cysteine 2,6-Dinitrophenyl Ester,
refluxing for 3 days over solid potassium hydroxide, then dis- _ Xhe yield wag 73%> mp i02-104°. It was recrystallized
tilled. The distillate was refluxed over lithium aluminum from absoiute ethanol, mp 107-108°, [<*]23d -103.8° (c 1.8,
hydride for one day, followed by distillation. The purified tetrahydrofuran), XKBr 5.58 M (active ester),
material was then stored over molecular sieves. Reagent grade Anal. Calcd for C24H21N308S: C, 56.36; H, 4.14; N, 8.22;
triethylamine was converted to its hydrochloride salt, recrystal- g 6.27. Found: C 56.58' H 4.18- N 8.30- S 6.41. 
lized from absolute ethanol, then liberated from its salt with N-Carbobenzoxy-S-benzyl-L-cysteine Thiobenzyl Ester.—The 
aqueous sodium hydroxide, dried over solid potassium hydroxide, crude oily product was crystallized from methanol-water, mp
and distilled from sodium under nitrogen. The purified material 73-75° (recrystallization from ethanol did not change the melting
was stored over sodium. The valme methyl ester was twice point), yield 45%, [a] 22d- 94.8° (c 2, dimethylformamide).
distilled under vacuum and stored m the freezer. Arm?. Calcd for C25H25N03S2: C, 66.49; H, 5.58; N, 3.10;

Preparation N-Carbobenzoxy-S-benzyl-L-cysteine Pentachloro- S, 14.20. Found: C, 66.70; H,5.59; N.32.1; S, 13.85. 
phenyl Ester. Dicyclohexylcarbodiimide (4.12 g, 20 mmol) Racemization of N-Carbobenzoxy-S-benzyl-L-cysteine Penta- 
and pentachlorophenol (5.33 g, 20 mmol) were dissolved in chlorophenyl Ester in the Presence of Benzyl Mercaptan-36S.—
100 ml of anhydrous ethyl acetate at room Temperature. The N-Carbobenzoxy-S-benzyl-L-cysteine pentachlorophenyl ester
solution was cooled to 0 in an ice tath and 6.9 g (20 mmol) of (891 p_g mmol) was dissolved in 30 ml of anhydrous chloro-
N-carbobenzoxy-S-benzyl-L-cysteine were added. The reaction form. Benzyl merraptan-̂ S (0.176 ml, 1.55 mmol) (the benzyl
mixture was stirred at 0° for 1 hr and then at room temperature mercaptan-36S was obtained from Nuclear Chicago and diluted
for 1 hr. The dicyclohexylurea (DoU) was removed by filtra- with unlabeled benzyl mercaptan; the activity was 3300 cpm/
tion and washed with dioxane. The ethyl acetate and dioxane Mmol) and triethylamine (1.5 ml, 10.3 mmol) were added and
filtrates were combined and the solvent was removed in vacuo. the m;xture was stirred at room temperature for 90 min. The
The residue was redissolved in dioxane and filtered to remove triethylamine was neutralized with 1 ml of concentrated hydro
residual DCU. The dioxane was removed in vacuo; the crude chloric acid. The chloroform solution was washed with water
yield was 10.6 g (89%). It was recrystallized from dimethyl- until neutral and dried over anhydrous magnesium sulfate. The
formamide-methanol, yield 8.0 g (o7%), mp 171-172 , (lit. 16 solvent was removed in vacuo. The residue was triturated with
mp 171-172°), [a]23d —38.9 (c 0.7, chloroform). The ir spec- pentane and filtered. The yield was 775 mg (87%), mp 164-
trum showed the characteristic active ester peak at 5.6 n (KBr). 166°. ReCrystallization of a small portion from ethyl acetate

Anal. Calcd for C24Hi8N0 4Cl5: C, 48.55; H, 3.06; N, raised the melting point to 168-169°, [<*]26d —0.8° (e 2, chloro-
2.36; S, 5.40; Cl, 29.86. Found: C, 48.26; H, 2.87; N, form).
2.32; S, 5.56; Cl, 30.31. ArmZ. Calcd for C24H18N04SC15: C, 48.55; H, 3.06; N,

The above procedure was used for the preparation of the 2.36. Found: C 48.83; H,3.36; N,2.50. 
other active esters described below. The recrystallized pentachlorophenyl ester (10 mg) was dis-

N-Carbobenzoxydehydroalanine Pentachlorophenyl Ester. solved in 10 ml of toluene (scintillation grade); this solution
The crude semisolid product was triturated with petroleum ether was uged to prepare samples for scintillation counting. The
(bp 40-60°) and filtered giving a white solid, mp 129-131° scintillator solution was p-bis [2-(5-phenyloxazolyl)] benzene
(62% yield). It was recrystallized from ethyl acetate, mp (0.4%) and 2,5-diphenyloxazole (0.005%) made up in scintillation
131-133°, XKBr 5.68 ii (active ester). grade toluene. The counting showed the active ester had 3.6 ±

Anal. Calcd for Ci7H10NO4Cl6: C, 43.49; H, 2.15; N, 2.98; 2 cpm/Mmol.
Cl, 37.75. Found: C, 43.45; H,2.03; N, 2.86; Cl, 37.33. Racemization of N-Carbobenzoxy-S-benzyl-L-cysteine p-Nitro-

N-Carbobenzoxydehydroalanine p-Nitrophenyl Ester.—This phenyl Ester in the Presence of Benzyl Mercaptan-S36.—N-
crude oily product was chromatographed on a column of silica Carbobenzoxy-S-benzyl-L-cysteine p-nitrophenyl ester (1.4 g,
gel (i.d. 2.5 cm, height 33 cm) using benzene-petroleum ether g mmoi) was dissolved in 60 ml of chloroform. Benzyl mercap-
(bp 40-60°). The first two fractions afforded an oil which tan-36S (activity 3300 cpm/gmol, 0.351 ml, 3 mmol) and tri-
crystahized on standing. The solid was triturated with pentane ethylamine (3 ml, 21.5 mmol) were added and the mixture was
and filtered, mp 66-69° (yield 32%). The material was re- stirred at room temperature for 90 min. The triethylamine
crystallized from ether-pentane, mp 70-71°, XKBt 5.72 p (active wag neutralized with 2 ml of concentrated hydrochloric acid,
ester). The chloroform solution was washed with water until neutral

Anal. Calcd for CnHi4N206: C, 59.66; H, 4.12; N, 8.19. and dried over anhydrous magnesium sulfate. The solvent was
Found: C, 59.76; H,4.47; N,8.28. removed in vacuo at room temperature. The residue was an

N-Carbobenzoxy-S-benzyl-L-cysteine Pentabromophenyl Es- od> wbjch was dissolved in ethyl acetate and precipitated with
ter.—The crude ester melted at 189-191° (yield 93%). The pentane to yield five fractions. These fractions were monitored

(16) P reviously reported mp 171-173° and [a P 'n  -3 4 .3  (c 0.7 , chloro- b y , ^ ' F r a c *'10/ 1 1 (365 mg, mp 8 9 - 9 7  ) was primarily N-
fo rm ): J. Kovacs, M . Q. Ceprin i, C. A . Dupraz, and G. N . Schm it, J .  carbobenzoxy-S-benzyl-cysteine thiobenzyl ester contaminated
O rg . C hem ., 32,3696 (1967). with some starting material and p-nitrophenol. Fractions 2
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T a b le  IV
Reaction of Carbobenzoxy-S-benzyl-l-cysteine Active Esters 

with Benzyl Mercaptan in the Presence of Triethylamine
S ta rtin g  E ste r P ro du ct

X  of Z -C ys-X  X  of Z -C ys-X

B Z L  B Z L  Y ie ld , % M p , °C  R egistry no.

OSu SBZL“ 80* 75-77
ONP SBZL“ 83" 73-76
OPFP SBZL“ 83" 74-76
ODNP (2,4) SBZL“ 8 6" 75-76
OTCP“ (2,4,5) SBZL“ 82" 72-76
OTCP' (2,4,6) OTCPe (2,4,6) 90“ 107-109 5276-82-4
OTBPc (2,4,6) OTBP* (2,4,6) 92d 110-112 (softening above 98°) 24164-39-4
OPBP° ’ ’ OPBPe 87d 192-193 24164-49-6
OPCP OPCP 87 168-169

“ Products were identified by comparison of the ir spectrum in chloroform with those of the optically pure l isomers and also by tic.
" Once crystallized from ether-hexane. c Tetrahydrofuran as reaction solvent. d Crude solid washed with «.-hexane. * Characterized 
by elemental analysis and ir spectrum.

and 3 (679 mg) showed only the thiobenzyl ester on tic. Frac- were carried out in a glove bag under a dry nitrogen or helium
tions 4 and 5 were mainly p-nitrophenol and were discarded. atmosphere. The concentration of the active esters in tetra-
Fractions 2 and 3 were combined and recrystallized from absolute hydrofuran was between 0.314 and 0.514 M ■ The racemization
methanol. The yield was 205 mg, mp 77-78°, M22d -25.4° was initiated by adding 7 equiv of triethylamine to this solution,
(c 1, dimethylformamide). This sample of thiobenzyl ester All kinetics were followed at 589 m/x. The first reading was
exhibited 3139 ± 25 cpm//xmol. The sample gave an identical taken within 2 min of mixing the reagents. The pseudo-first-
infrared spectrum in chloroform solution with that of an authentic order plots were linear up to 90% racemization for all the esters
sample of N-carbobenzoxy-S-benzyl-L-cysteine thiobenzyl ester. except for the 2,4-dinitrophenyl ester which was linear up to

Anal. Calcd for C25H26NO3S2: C, 66.49; H, 5.58; N, 3.10; 60-70% racemization. The second-order rate constants listed
S, 14.20. Found: C, 66.30; H, 5.96; N, 3.36; S, 13.94. in Table I were obtained by dividing the pseudo-first-order rate

A portion of the recrystallized thiobenzyl ester (167 mg, 0.37 constants by the triethylamine concentration. The racemiza-
mmol) was dissolved in 1 ml of absolute ethanol. Hydrazine, tion rate studies with 1 and 35 equivalents of triethylamine were
9 5 % (0.06 ml), was added and the reaction mixture was allowed run in a similar manner, but the data are not reported,
to stand overnight. The reaction mixture was diluted with Aminolysis Rate Studies on Active Esters.—A tetrahydrofuran
20 ml of ether and then pentane to precipitate the hydrazide. solution which was 0.13 M in N-carbobenzoxy-S-benzyl-L-
The hydrazide was filtered and washed with pentane. The cysteine active ester and 0.13 M in valine methyl ester was used
yield was 132 mg (99%). The hydrazide was recrystallized to study the aminolysis of all esters except the pentachlorophenyl
from ether-pentane containing 1 ml of methanol. The white ester where 0.0845 M solutions were used.
crystalline solid was filtered, mp 120-121°. The identity of The courses of the reactions were followed using a double-beam
this compound was established by comparison of its ir spectrum infrared spectrometer by monitoring the disappearance of the
in chloroform solution with that of an authentic sample of N- active ester carbonyl band in the 5.6-/2 region. A sealed 0.1-mm
carbobenzoxy-S-benzyl-L-cysteine hydrazide. The hydrazide (10 NaCl cell was used for the sample solutions; a matched NaCl
mg) was dissolved in 24 ml of scintillation grade toluene and 1 cell containing the solvents was in the reference beam. Con-
mi of absolute methanol. This sample of hydrazide showed formance to Beer’s law was checked for all esters studied through-
4  ± 0 .6  cpm/jumol. out the pertinent concentration ranges.

Reaction of N-Carbobenzoxydehydroalanine Pentachloro- For the slower reactions, the spectrum between 5 and 6  m
phenyl Ester with Benzyl Mercaptan.—N-Carbobenzoxydehy- was scanned periodically throughout the reaction. Net absor-
droalanine pentachlorophenyl ester (469 mg, 1 mmol) was dis- banees were estimated using the base-line method. At least
solved in 20 ml of chloroform. Benzyl mercaptan (124 mg, 1 10 data points were taken for each run.
mmol) and triethylamine (1 ml, 7.1 mmol) were added to the For the faster reactions, the spectrometer was set on the
solution and the mixture was stirred at room temperature for absorbance maximum of the active ester carbonyl peak and the
105 min. The solvent and triethylamine were removed in vacuo pen excursion at this wavelength was monitored as a function
at room temperature. The solid residue was triturated with of time. In all such cases, the initial reading was taken within
pentane, filtered, and washed with pentane. N-Carbobenzoxy- 20 sec of mixing. Using this technique, a minimum of ten data
S-benzyl-DL-cysteine pentachlorophenyl ester was isolated in points was obtained for each run. With this technique rate
79% yield, mp 164-165°. constants up to 1.0 M_1 sec- 1  can be easily estimated.

Anal. Calcd for CxJUsNChSCls: C, 48.55; H, 3.06; N, Coupling of N-Carbobenzoxy-S-benzyl-L-cysteinyl Pentafluoro-
2.36. Found: C, 48.75; H,3.43; N,2.42. phenyl Ester with Valine Methyl Ester.—N-Carbobenzoxy-S-

Ester Exchange Reaction of N-Carbobenzoxy-S-benzyl-L- benzyl-L-cysteine pentafluorophenyl ester (1.5 g, 2.9 mmol) was
cysteine Active Ester with Benzyl Mercaptan in the Presence of added to 402 mg (3.1 mmol) of valine methyl ester dissolved
Triethylamine.—A typical example is given below. To a solu- in 22.8 ml of tetrahydrofuran and the solution was stirred for
tion of 0.221 g (0.5 mmol) of N-carbobenzoxy-S-benzyl-L- 5 min at room temperature and worked up in the usual manner,
cysteine N-hydroxysuccinimide ester in dry chloroform (10 ml) yield 90%. The residue was triturated with pentane and the
at room temperature, 0.06 ml (0.5 mmol) of benzyl mercaptan solid was filtered and washed thoroughly with pentane, yield
and 0.5 ml (3.6 mmol) of dry triethylamine were added. After 1.06 g (80%), mp 78-79°. Recrystallization from ethyl acetate
3 hr the reaction mixture was cooled and diluted with 10 ml of pentane raised the melting point to 79-80°, [a]22D —30.1°
chloroform. The organic phase was washed with 1 N hydro- (c 2, tetrahydrofuran).
chloric acid and water and dried over sodium sulfate. The Anal. Calcd for C24H30N2O5S: C, 62.86; H, 6.59. Found: 
solvent was evaporated under reduced pressure. The colorless C, 62.85; H, 6.47.
thick oil solidified on trituration with ether-hexane. It was Racemization Study of N-Carbobenzoxy-S-benzyl-L-cysteine
recrystallized from the same solvent affording 191 mg (80%) p-Nitrophenyl Ester during Coupling.—A solution of the p-
of the thiobenzyl ester, mp 75-77°. Identity of this compound nitrophenyl ester (2.98 g, 6.4 mmol) and 1.7 ml (12.8 mmol)
was proved by comparison of its ir spectrum in chloroform solu- of valine methyl ester in 50.0 ml of tetrahydrofuran was allowed
tion with that of an authentic sample and also by t.lc. See to react for 200 hr. The rotation of the solution after 200 hr
Table IV. was a 1.274. The following solution was prepared as a control:

Racemization Rate Studies on Active Esters.—All operations 0.117 g (0.256 mmol) of the aforementioned dipeptide, 0.0356 g
needed for preparation of the solutions for these rate studies (0.256 mmol) of p-nitrophenol, and 0.0329 g (0.256 mmol) of
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valine methyl ester dissolved in 2.0 ml of tetrahydrofuran. dehydroalanine p-nitrophenyl ester, 24164-71-4; N-
Ihe value of this solution was —1.259 indicating there was not uu  ou , 1 - . , , ,any significant racemization. carbobenzoxy-S-benzyl-L-eysteme pentabromophenyl

N-Carbobenzoxy-S-benzyl-n-Cysteinylglycine p-Nitrophenyl ester> 24164-49-6; N-carbobenzoxy-S~benzyl-2,4,6-tri-
Ester.—Glycine p-nitrophenyl ester hydrobromide (0.277 g, bromophenyl ester, 24164-39-4; N-carbobenzo-S-
0.001 mmol) was dissolved in dimethylformamide (2 ml) and benzyl-2,4,5-trichlorophenyl ester, 24164-40-7; N-
tetrahydrofuran (20 ml) was added, followed by the addition carbobenzoxy-S-benzyl-2 ,4-dinitrophenyl ester, 23180-
of iN-carbobenzoxy-b-benzyl-L-cysieine pentafluorophenyl ester no o at u u a u i 5% j - -x , ,
(0.511 g, 0.001 mmol). The solution was cooled to' - 10°, 03' 2 i N-carbobenzoxy-S-benzyl-2,6-dimtrophenyl es-
and triethylamine (0.14 ml, 0.001 mol) was added. After 10 ter> 24164-42-9; N-carbobenzoxy-S-benzylthiobenzyl
min at —10° and 20 min at room temperature, the mixture was ester, 24164-43-0; (±)-N-earbobenzoxy-S-benzylcys-
filtered. Ethyl acetate (25 ml) was added to the filtrate, and teinepentachlorophenyl ester, 24164-44-1; (± )-N -

“  r ^ n «  wSeethid carbobenzoxy-S-benzylcysteine thiobeuzyl ester, 24164-
Filtration gave 0.364 g (70%) of a crude product, mp 150-153°. 45~2 ’' N-carbobenzoxy-S-benzylcysteme thiobenzyl
This material was dissolved in 20 ml of hot methanol and tetra- ester hydrazide, 24164-46-3; N-carbobenzoxy-S-benzyl-
hydrofuran mixture (1:1) and diluted with an equal volume of L-cysteinyl pentafluorophenyl ester valine methyl ester
ether On cooling a small amount of white solid separated dipeptide, 24215-87-0; N-carbobenzoxy-S-benzyl-L-
which was discarded. The filtrate on dilution with an excess „ i •i f •  ̂ i 1 2 . vaaa aa a
of hexane afforded the desired dipeptide, 0.260 g, mp 158-159°, cystemylglycme p-mtrophenyl ester, 7669-99-0.
[a]22o —26.85 (c2,tetTahydrofuran).

Anal. Calcd for C26H25N3SO7: C, 59.65; H, 4.81; N, 8.02. Acknowledgment.'—This work was supported by
oun ' ’ 9' ’ ,4 ‘ 8’ ’ '/9 ' grants from the National Institutes of Health (GM
Registry N o.—N-Carbobenzoxydihydroalanine pen- No. 06579 and 08795). We wish to thank Professor

tachlorophenyl ester, 24164-70-3; N-carbobenzoxy- H. Horan for the infrared spectra.
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A series of l-phenyl-8-(3-substituted phenyl)naphthalenes, 5-8, have been synthesized to examine the question 
of the ease of rotation of the aryl rings in 1,8-diarylnaphthalenes. Although a number of 1,8-diphenylnaphtha- 
lenes with substituents in the phenyl rings exhibit temperature-dependent nmr spectra, the spectra are normally 
too complex for simple interpretation. However, the nonequivalence of the methyl signals in the low-tempera
ture nmr spectrum of the derivative 8a with a meta 2-hydroxy-2-propyl substituent provides unambiguous 
evidence for the rotation of the substituted phenyl ring in this substance. The free energy of activation (AC? 4=) 
for this rotation is calculated to be 16 kcal/mol at 25°.

Various evidence2,8 indicates the favored conforma- single crystalline substances.8 Nmr and dipole moment
tion of 1 ,8-diphenylnaphthalene (1 ) to be one in which data obtained from certain of these compounds sug-
the two phenyl rings are parallel to one another and gested that equilibration of the two geometrical isomers
perpendicular to the plane of the naphthalene ring as 2 a ^  2b may be relatively rapid in solution with an
illustrated by a top view of the molecule in structure 2 . energy barrier to rotation on the order of 10  kcal/mol.
Consideration of the dimensions of such molecules as Since this energy barrier seemed unusually low and the
discerned from molecular models and the limited X -ray interpretation of our data for these disubstituted com-
crystallographic data available2 suggests the existence pounds (2) was not unambiguous, we have sought more
of a substantial energy barrier to rotation of the phenyl convincing evidence about this rotation barrier. This
rings and led us to expect that cis (2a) and trans (2b) paper describes the preparation of a series of mono-

substituted diphenylnaphthalenes (Scheme I) and 
Ph Ph I I  | appropriate nmr measurements which clearly demon-

p~] M  I strate the rotation of the substituted phenyl ring in
[— ------  “ 1 p  -------  ~| solution at 25°.
L  The synthetic route (Scheme I) followed our earlier

1 p  pattern3 in which the unsaturated ketone 3 was con-
2a X  verted to a diene 4  which was dehydrogenated to the

2b diarylnaphthalene 5. This aryl chloride 5 was con
verted to the cyanide 6 with CuCN in HM P4 and then 

isomers of l ,8-di(orfAo- or rr-efa-substituted phenyl)- hydrolyzed to the acid 7a. This acid 7a (pX*Mcs =
naphthalenes might be isolated. In fact, we were 7 .0 4 )6 is slightly less acidic than the corresponding
completely unsuccessful in this attempt and instead monoarylnaphthalene derivative 9a (pX*Mcs — 6.50-
isolated a series of di-mefa-substituted compounds as 6.56)3,5 possibly reflecting the increased steric hindrance

(1) (a) Th is research has been supported b y  P ublic H ealth  Service G ra n t to Solvation of the Carboxylate anion from add 7a.
1-R01-CA10933 fro m  the N a tio n a l Cancer In s titu te ; (b) N a tio n a l In s titu te s
of H ealth  P redoctora l Fellow, 1968-1970. _ .. . ,  „ „ „ „

(2) F o r a review, see V. Balasubram aniyan, C hem . R e v., 66, 567 (1966). (4) H . O. House and W . F. Fischer, Jr., ib id  34, 3626 (1969).
(3) (a) H . O. House and R. W . Bashe, I I ,  J .  O rg . C h em ., S O , 2942 (1965); (5) The values pE*MCS are the apparent p E a values in  a m ix ture  of 2 0  j ,

32, 784 (1967). (b) H . O. House, R. W . M agin, and H. W. Thompson, ib id . ,  water and 80%  M e th y l Cellosolve: W . Simon, A n g e w . C h e m ,, I n t .  E d .

28, 2403 (1963), and references therein. E n g l. ,  3, 661 (1964).
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Figure 1.—Nmr spectra (100 MHz) of the aryl and high-field C0,R ^ ^ ^ R
(4 H) naphthyl regions for (A) the dichloro derivative 10b in t i l  T P [I I
Cl2C=CCh at 119°; (B) the dichloro derivative 10b in C12C= L U
CCh at —25°; (C) the monochloro derivative 5 in CDC13 at I I
50°; (D) the monochloro derivative 5 in CDCI3 at—7°.

IL -J «5̂  Jl^
In earlier work3 the nmr O-Me singlet for the diester ^

10a was observed to broaden and then split into a 9a, R = II 10a,R = CO2CH3
closely spaced doublet as solutions of the diester were b, R = CH3 b, R = Cl
cooled below 20°. Further indications of conforma- c,R = CN
tional changes have now been found in the comparison
of room tetnperature and lower temperature nmr spectra Although these variations in nmr pattern with 
of the aryl derivatives 1, 5, 7b, and 10b. Figure 1 temperature were indicative of the slowing down of
illustrates several of these spectra at relatively low and some sort of conformational change, the complexity of
high temperatures for the monochloro and dichloro the absorption patterns in 60- and 100-MHz spectra
derivatives 5 and 10b. Although the lower field made a detailed interpretation difficult. For this
region (8 7.0-7.5, the four higher field naphthyl CH) of reasan the dimethylcarbinol 8a was synthesized with
the spectra undergo only minor variations, the patterns the expectation that two different nmr C-M e signals
observed in the higher field region (8 6.5-7.0, phenyl would be seen if the grouping Me2C(OH)- was bound
or m-chlorophenyl CH) are strikingly dependent to an asymmetric environment such as the meta position
on temperature. ~ Similar, although less pronounced, of a nonrotating phenyl ring in 1,8-diphenylnaphthalene
changes are seen for the absorption of phenyl protons in as in structure 11a. If the ring to which the group was
the 100-MHz spectrum of 1,8-diphenylnaphthalene in bonded were able to rotate rapidly, the resulting
the temperature range + 5 6  to - 1 8 . 5 ° .  The nmr racemization process 11a lib  would average the 
spectrum of the monoester 7b exhibited only a single 1— 1 CH3 CH3 |—,
methoxyl peak throughout the temperature range from 1— ■— '— 1 I I , —■—>—,
— 5 to + 6 5 ° . This observation suggests that the '— — — ' | 0H 0 , I— — —I
doublet for the methoxy groups observed in the nmr CH3 CH3
spectrum of the diester 10c at temperatures below 10° 1———. ———I
is probably attributable to conformations 2a and 2b ‘—p—1—' —I—,—I
and not to conformations involving rotation of the '—■ •—>
carbomethoxy groups with respect to the phenyl ring. 11a lib
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positions of two nmr C-M e signals to give a single line.
As illustrated in Figure 2, precisely this behavior is 
observed in spectra measured at various temperatures.
This observation requires rotation of the substituted
phenyl ring and is not compatible with other conforma- I 1 |
tional changes such as the distorted conformations J l j
illustrated in structures 12 which would not racemize m.............,. ,T.Ti:.̂ .,.lV,.nl.,in.,l. J L''L-,i<-.

the molecule. I [ I l I [ I ] I I
A tr 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

OH |U sPPM
CH3—C—CH3 CH3—C-CH3 » a

m n  b c 1 1 °
q j=  =i c 4 p  M

The observed variation in C-M e signals with temper- ft ft
ature (Figure 2, B, C, and D) was simulated (Figure 2, E F 1 q 111
E , F , and G) with a computer program6 to allow deter
mination of the pre-exchange lifetimes, r, at various J  j
temperatures. From these the activation energy, \ 1
AG *, for rotation of the substituted phenyl ring in the \ j \
carbinol 8a was calculated to be 16 kcal/mol at 25°. J  \ j  \ J  V
With a rotation barrier this low our failure to isolate
the cis and trans isomers 2a and 2b in our earlier study38. Figure 2.—Nmr spectra (100 MHz, sweep widths of 1000 Hz 
becomes understandable. for A and 50 Hz for B-G) of the dimethylcarbonol 8a in CDC13:

(A) complete spectrum at 27°, (B) observed C-methyl peak at 
65.2°; (C) observed C-methyl peak at 27.6°; (D) observed C- 

Experimental Section7 methyl peaks at 10.0°; curves E, F, and G are computer simu
lated spectra corresponding to observed spectra B, C, and D 

Preparation of the Diene 4.—A solution of 155 mmol of m- with r values of 0.006, 0.155, and 0.500 sec. The peak separa-
chlorophenylmagnesium bromide3“ in 234 ml of Et20 was treated tion in the slow exchange limit is 3.5 Hz.
with a solution of 28.37 g (127 mmol) of the previously de
scribed3“.« conjugated ketone 3 (mp 74.2-75.3°) in 100 ml of 2 1 6  (27)> 1 6 7  (24)j 1 4 1  (36)> 9 9  (50)j 9 1  (29)> 5 7  (72)j 5 6  (58), 
Et20. After the resulting mixture had been stirred at 25° for 4 3  4 2  3̂4  ̂ and 4j
21 hr, aqueous NH«C1 was added. Toe combined Et20 layer and Anal\ baled’for C22H2iC1: 0, 82.35; H, 6.60; Cl, 11.05.
the Et20 extract of the aqueous phase were washed with aqueous Found' C 82 08' H 6 67' Cl 11.35.
NaHC03, dried, and concentrated to leave 33.19 g of the crude Preparation of the m-Chloro Derivative 5.—A solution of 1.00
alcohol intermediate as a yellow liquid: ir (CC1,) 3575 cm 1 g (3  1 2  mmoi) of the diene 4  and 2.20 g (9.7 mmol) of 2,3-
(OH); nmr (CCh) 5 6 .7-7.2 (9 H, m, aryl CH), 3.0-3.2 (1 H, dichloro-5 ,6 -dicyanobenzoquinone in 45 ml of PhCl was refluxed
m, benzylic CH), and 1.4-2.4 (12 H, m, aliphatic CH). A solu- for 2 2  under n2 and then was concentrated under reduced
tion of the crude alcohol in 400 ml of Ac20 was refluxed for 24 hr pressure. After the residue had been extracted with three por-
and then concentrated under reduced pressure. After a solution tions of boiling hexane, the combined hexane solutions were 
of the residual liquid in Et20 had oeen washed with aqueous filtered through 50 g of alumina (activity grade II) and then
NaHC03, dried, and concentrated, the crude diene 4 remained as concentrated, to leave 1.10 g of the crude chloride 5 as a colorless
29.39 g of yellow liquid. Chromatography (silica gel) separated liquid. The product 5 crystallized from hexane as 397 mg (40%)
11.50 g of the diene as a colorless liquid fraction (eluted with of white needleS; mp 88.6-89.9°. Sublimation (112° and 0.1
4:1 v/v hexane-benzene) which was crystallized from hexane to mm) afforded the pure chloride 5 : mp 89-90°; ir (CCh) no
separate 7.57 g (18.6%) of the pure diene 4 as colorless prisms: 0H or c==q in the 3_ or g_M regi0ns; uv (95% EtOH) 235 mn
mp 81-82°; ir (CCh) no OH or C=0 in the 3- or 6 -M regions; (e 49;400), and 300 (11,800);10 nmr (CCh) 5 6 .8- 8 .1 (m, aryl
uv (95% EtOH) 261 m/i (br, e 12,400);9 nmr (CCh) 5 6 .2-7.4 CH) (for variations with temperature, see Figure 1); mass
(9 H, m, aryl CH), 5.4 ( 1  H, m, vinyl CII), 3.45 (1 H, m, benzylic spectrum, m/e (relative intensity) 316 (21), 314 (60), 132 (33),
CH), and 1.3-2.5 (10 H, m, aliphatic CH); mass spectrum, 1 0 4  (31)> 1 0 3  (29), 44 (100), and 43 (56).
m/e (relative intensity), 322 (8 ), 321 (36), 320 (25), 319 (100), AnaL Calcd {or C22Hi6Cl: C, 83.93; H, 4.80; Cl, 11.26.

(6) J .  B . Lisle, B. S. Thesis, Massachusetts Institute of Technology, Found: C, 83.77,' H, 4.97; Cl, 11.39.
June 19 6 8. Preparation of the Nitrile 6.—A solution of 5.19 g (16.5 mmol)

(7) All melting points are corrected and all boiling points are uncorrected. of the chloride 5 and 14.8 g (165 mmol) of CuCN in 21 ml of
Unless otherwise stated, magnesium sulfate was employed as a drying hexamethylphosphoramide was heated to 225 under an N2
agent. The infrared spectra were determined with a Perkin-Elmer Model atmosphere for 2.5 hr and then cooled and poured into aqueous
237 infrared recording spectrophotometer fitted with a grating. The NaCN. The benzene extract of the mixture was washed suc-
ultraviolet spectra were determined with a Cary recording spectrophotometer, ceSsively with H20, aqueous HC1, aqueous NaHCOs, H20, and
Model 14. The nmr spectra were determined with a Varian Model A-60 aqueous NaCl, and then dried and concentrated. The residual 
T-60, or HA-100 nmr spectrometer The chemical-sh.ft values are expressed *  wag fra c tio n a ll crystallized from hexane
either m Hz or 5 values (ppm) relative to a tstramethylsilane or hexamethyl- J  \ J  J  ,  u •
disiloxane internal standard. The mass spectra were obtained with Hitachi to separate 4.35 g (86%) of fractions of the crude nitrile 6 melting
(Perkin-Elmer) mass spectrometer. All reactions involving strong bases or within the range 89.5-112.5 .
organometallic intermediates were performed under a nitrogen atmosphere. Recrystallization of the crude nitrile 6 from hexane afforded

(8) H. O. House and H. W. Thompson, J .  Org. Chem., 28, 360 (1963). samples melting within the range 112-115° which contained
(9) The analogous di-m-chlorophenyl diene3a has an ultraviolet maximum ----------------------

at 258 m/t (c 11,100). As noted elsewhere,3® we believe these uv data are (10) The corresponding uv data for the other 1,8-diarylnaphthalenes are
more consistent with a 2-ary 1-1,3-butadiene chromophore rather than a 235.5 mn (e 54,500) and 300 (11,500) for 1, and 234 m/i («58,400) and 300 
1-ary 1-1,3-butadiene derivative. (21,500) for 10b.'a
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- 10 .5 1—,----------- 1----------- 1--- -------------------- ml cf an ethereal solution containing 3.97 mmol of MeLi. The
mixture was stirred at 25-30° for 45 min and then mixed with 
aqueous NH4C1. The Et20 layer and the Et20 extract of the 

\ aqueous phase were combined, washed with aqueous NaHC03,
\  o dried, and concentrated. After considerable effort the residual

_!! Q _ \. _ oil (501 mg) was successfully crystallized from hexane at Dry
\  Ice Temperatures to separate 265 mg (53%) of the carbinol 8 a as

n. white needles: mp 97.6-98.6°; ir (CCL) 3560 and 3590 cm- 1

\  (OH); uv max (95% EtOH) 236 mM (e 51,700) and 301
£ \  (11,300); nmr (CDCh) 5 6.7-8.1 (15 H, aryl CH), 1.62 (1 H, s,

\  OH), and 1.40 (6  H, s, CCH3).
£-11.5- \  -  Anal. Calcd for C26H220: C, 88.72; H, 6.55. Found: C,
“  °\  89.03; H, 6.50.

\  Ir. an effort to increase the separation of peaks (see Figure 2,
\  solutions in CDC13) for the methyl signals of the carbinol 8 a,

°\ the spectrum was examined in other solvents. A comparable
- 1 2 .0 — °\  — peak separation was observed in PhCl, and the addition of

\  pyridine to the solution resulted in a collapse of the doublet to a
\  broad single line. A broad single line was also observed in

CD3COCD3. A solution of 2.18 mmol of MeLi in 1.0 ml of 1,2- 
\n dimethoxyethane (DME) was treated with 245 mg (0.728 mmol)

\  o of the ester 7b. The resulting solution of the lithium salt of the
~ 1 2 ’5  ■_______ I_______ |_______ | \ carbinol 8 a was treated with a solution of 1.31 ml (10.0 mmol)

3 .0  3.15 3.30 3.45 3.60 of Me3SiCl and 0.5 ml of Et3N in 3.0 ml of DME which had been
Iq3 / tok centrifuged to remove any Et3NHCl. The mixture was stirred

at 25° for 1 week and then partitioned between aqueous NaHCOs 
Figure 3.—Plot of log (h/kTr) as a function of I /T  for the and pentane. The pentane solution was dried and concentrated

dimethylcarbinol 8 a in CDC13. The slope of this line is • AW*/ to leave 260 mg of yellow liquid which contained (tic on silica
2.303K. gel with CHC13 eluent) the silyl ether 8 b (most rapidly eluted)

and a second unknown component eluted more rapidly than the 
alcohol 8 a. One-fourth of this material was chromatographed on 

(glpc analysis, silicone gum SE-52) the nitrile 6 (retention time silica gel to separate 51 mg of fractions [eluted with a hexane- 
ca. 25 min) accompanied by ca. 3% of the starting chloride 5 benzene mixture (4:1 v/v)] containing the crude silyl ether 8 b
(retention time 12.8 min). A collected (glpc) sample of the as a colorless liquid: ir (CCh) no OH or C=0 in the 3- or 6 -/x
nitrile was recrystallized from hexane to separate the pure nitrile regions; uv (95% EtOH) 235 m̂i (e 46,700) and 302 (10,500);
6  as white prisms, mp 127.5-128.5°. After sublimation (140° nmr (CDC13) 5 6 .9-7.7 (6  H, m, naphthyl CH), 6.4-6.9 (9 H,
and 0.1 mm), the nitrile melted at 128-129°: ir (CHC13) 2225 phenyl CH), 1.43 ( 6  H, s, CH3C), and 0.08 (9 H, s, CH3Si).
cm“ 1 (C=N); uv max (95% EtOH) 229 mm (e 47,900) and Even at a low temperature (-20°), only a single nmr peak was
301 (10,600); nmr (CDC13) S 7.3-8.2 (6  H, m, naphthyl CH) seen for the two C-methyl groups. The mass spectrum exhibited
and 6 .7-7.3 (9 H, m, phenyl CH); mass spectrum, m/e (relative the following abundant peaks: m/e (relative intensity) 410
intensity) 306 (25), 305 (100, M+), 304 (18), 203 (11), 202 (9), (M+, 40), 396 (35), 395 (100), 75 (19), and 73 (43).
149 (9), and 138 (8 ). Calculation of the Rotational Barrier.—The exchange-broad-

Anal. Calcd for C23Hi5N: C, 90.46; H, 4.95; N, 4.59. ened nmr spectra were calculated and plotted with the aid of
Found: C, 90.56; H, 4.85; N, 4.24. the computer program k x c n m k 6 employing the usual density

Preparation of the Acid Derivative 7.—A mixture of 5.36 g matrix formalism.11 In this study, the measured line width at
(16.6 mmol) of the nitrile 6  and 50 ml of aqueous 48% HBr was half-height was 0.8 Hz at the high-temperature limit (65°).
refluxed for 16 hr and then concentrated under reduced pressure. Based on measured values in observed spectra, the line width was
A solution of the residue in Et20 was extracted with aqueous assumed to vary from 0.7 to 1.0 Hz in going from 63 to 10°.
Na2C03, and the combined aqueous solutions were acidified (HC1) The relative populations are, of course, equal, and a coupling
and extracted with Et20. The latter Et20 solution was dried and constant, J  = 0, was assumed between the protons on the two 
concentrated to leave 2.13 g of crude acid as a yellow solid. methyl groups. Below the coalescence temperature the line
The neutral material (2.89 g) from this hydrolysis was refluxed separation increased to 3.5 Hz (at 10°); this separation remained
with a mixture of 30 ml of aqueous 48% HBr and 50 ml of HOAc constant as the temperature was decreased to —5.6°. Below
for an additional 48 hr and then subjected to the same work-up this temperature broadening of the lines became a sufficiently
procedure to separate 0.95 g of crude acid. The combined acidic serious problem so that meaningful values for the peak separations
products were recrystallized from a hexane-EtOAe mixture to could not be obtained.
separate 2.14 g (38%) of the acid 7a as a pale yellow solid, mp Calculated and observed spectra were compared by matching
224.6-226°. Further purification involving partitioning between line widths above coalescence and by matching peak separation
Et20 and aqueous Na2C03, acidification, and recrystallization gave anc. depth of “valley” as well as line widths at lower tempera-
the pure acid as white prisms: mp 225-226.5°; ir (KBr pellet) tures. The Arrehenius activation parameters (Fa and A) and
1685 cm“ 1 (br, carboxyl C=0); uv (95% EtOH) 232 mu (e the transition-state parameters (AS*, A77*, AG*) were cal-
53,800) and 301 (11,800); nmr [(CD3)2SO] S 6.8-S.4 (m, aryl culated from the set of observed temperatures and their corre-
CH). sponding pre-exchange lifetimes, r, using standard techniques.12

Anal. Calcd for C23Hi602: C, 85.16; H, 4.97. Found: C, In these calculations the per cent error in the values of r was
84.93; H, 5.07. assumed to be ±5%, and the standard deviation in measuring

The pK*Mcs value5 for the acid 7a at 25° was 7.04 compared the temperature was taken as ±0.5°. A least-squares calculation
with a value of 6.563a for the acid 9a. A 1.25-g (3.85 mmol) was made fitting the functions
sample of the acid 7a was esterified with excess ethereal CH2N2. _ , _± . . .
The crude neutral product, 1.245 g of yellow oil, was crystallized r — m (h/kl r) — Ao / a  +  (An 1 )
fiom MeOH to give 1.04 g (81%) of the ester 7b as white prisms: where k is the Bolzmann constant, h is Planck’s constant, AS*
mp 84.5-85.7̂  (recrystallization raised the melting point to jg the entropy of activation, and A77* is the enthalpy of ac-
86.1-87.1°); ir (CCL) 1725 cm“ 1 (conjugated ester C=0); tivation 13

uv (95% EtOH) 231 mM (e 52,000) and 300 (11,200); nmr (CD-
Cl3) a 6 .7-8.0 (15 H, m, aryl CH) and 3.75 (3 II, s, OCH3);
m ass sp e ctru m , m/e (re la tiv e  in te n s ity )  338 (100), 279 (18), (-D  (a) S. Alexander, J .  Chem. Phys., 3 7 ,  967, 974 (1962); 3 8 , 1787
252 (19) 138 (25) and 126 (18) (1963); 40, 2741 (1964). (b) C. S. Johnson, Jr ., Advan. Magn. Resonance, 84

8 4 A9 7 a  H C 5a 4C?  ^  C24HlS° 2: C’ ^  H’ ^  C‘ B in s c h ,  r 0 p . SUreocHm „ 3 , 97 (1968).
* J ’ . . , . (13) These calculations were carried out using a modification of thePreparation of the Dimethylcarbinol 8 a. A solution of 502 program acteng, written by D. F . D eTar, and obtained from the Quantum

mg (1.48 mmol) of the ester 7b in 15 ml of Et2 0  was added to 25 Chemistry Program Exchange, Bloomington, Ind.
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The free energy of activation, AG*, was then calculated from and the tendency of the lines to broaden at lower temperatures,
^  values at 25° with the usual relationship, we believe more realistic probable limits of error for A a n d

AG = AH — TAS . The data and calculated values were AffT are ±2 kcal/'mol with a reasonable probability for sub-
prmted, and a plot was drawn (Figure 3) of log (H/kTr) vs. stantial error in the value of AS*.
1/T where T is in degrees Kelvin. The values calculated from a
series of measurements including those illustrated in Figure 2  No a 9z19QQ f i 7  n. c 9, 9QQ i . *were AG* = 16.4 ± 0.2 kcal/mol; A = 14.8 ±  0.2 registry JNO.—4, 24299-67-0, 5, 24299-68-1; 6 ,
kcal/mol; AST = —5.4 ± 0.5 eu. Because of the relatively 24299-69-2, 7a, 24299-70-5; 7b, 24299-71-6; 8a,
small separation of lines (3.5 Hz in the low-temperature limit) 24299-72-7; 8b, 24299-73-8; 10b, 7731-47-7.

Relationships between Structure, Polarography, and Electronic 
Spectra of 4- and 5 -Substituted 2-Nitrophenolsla
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Polarographic oxidation potential, Ei/,(0~K), and reduction potentials, Biys(RED), for a series of 4- and
5-substituted 2-nitrophenols have been measured in aqueous ethanol (10%) solutions buffered at pH 2.2, 4.0,
6.0, 8.0, and 9.2. Although both series appear to give polarographic waves characteristic of irreversible re
actions, good correlations of E i/,(OX) and 2?i/2(RED) with the appropriate substituent constant, <rm, <rp, or 

were obtained. Usually, the correlations that involved ii/,(RED) were most satisfactory at low pH, while 
those that involved Hi/2(OX) were best at high pH. The correlation of the frequency of the longest wavelength 
maximum observed in the electronic spectrum with E i/,(OX) or [Ei/,(OX) — I?i/2(RED)] was examined and 
found to be good for the 4-substituted compounds and poor for the 5-substituted ones. For the most widely 
divergent data, an attempt to explain the discrepancies has been made, but the investigation of other series 
would be desirable.

On the basis of a naive molecular orbital theory, a comparison would be independent of the accuracy of any
number of physical properties Lave been related to the calculations of energy levels. Moreover, Hammett6
positions of calculated energy levels of organic mole- relations have been used (with varying degrees of
cules.2 In particular, polarographic oxidation and success in previous studies3'7-8) for the correlation of
reduction potentials have been correlated with the spectra and polarographic half-wave potentials with
calculated energy levels of the ground and first excited structure, and it was hoped to make more extensive
states, respectively,2*1 and the frequencies of certain comparisons of these correlations for two series of
spectral transitions have been correlated with the closely related compounds,
differences in energy between these levels.21*

Rather than depending upon the accuracy of such Results and Discussion
calculations for the correlation of physical and chemical .
properties, Simpson, Hancock, and Meyers3*1 measured The Correlation of Oxidation and Reduction Half- 
the electronic spectra of some 4-substituted 2-chloro- Wave Potentials of 4-Substituted 2-Nitrophenols (I) and
phenols in acidic and basic aqueous ethanol (5%) and 5-Substituted 2-Nitrophenols (II) with Substituent
initiated polarographic studies of these materials. Constants.—The oxidation and reduction half-wave
However, only oxidation potentials could be obtained potentials have been measured for the compounds of
in the polarographic work. Similarly, a spectral and series I and II at pH 2.2, 4.0, 6.0, 8.0, and 9.2, the
polarographic study3b of 4-substituted 2-nitroanilines results are shown in Tables I and II. Spectral data
was attempted but only the spectra and polarographic arK a  vables ôr Rle substituents are shown m Table III.
reduction potentials could be obtained. In this study, r ° r both Senes, calculations of the electron changes, 
two series of compounds, 4- and 5-substituted 2-nitro- n> from graphs of E (R ED ) vs. log (id i ) / t  did not 
phenols, have been examined polarographically, since Sive mteSral values fol' n’ where ^ R E P ) isthe voltaSe 
these materials have a known reducible group (-NO,) at a Pomt 011 a wave fron1t* *d “  curre,nt’
and a known oxidizable group (-OH or -CH). The and i  is the current at a voltage 7?(RED). Despite this
electronic spectra of these compounds were obtained indication of irreversibility, it was assumed that corre-
previously.4'5- It  was hoped that a direct comparison spcmdmg electrochemical reactions were obtained m
of spectral frequencies and the difference between reduction, since each series satisfied certain require-
polarographic oxidation and reduction potentials would ments proposed by Zuman for the va ldity of such an
be possible for substituted 2-nitrophenols and that this assumption. These requirements include a similarity

of the wave heights observed which indicates that the
(1) (a) Abstracted in part from the Ph.D. Dissertation of p. y . R „  s a m e  n u m b e r  o f  e l e c t r o n s  a r e  b e i n g  t r a n s f e r r e d  i n  t h e

Texas A & M University, May 1968. (b) To whom inquiries should be sent. r e d u c t i o n  o f  C o m p o u n d s  in  t h e  S a m e  S e r ie s ,  a  S i m i la r i t y
(2) A. Streitwieser, Jr ., “Molecular Orbital Theory for Organic Chemists,” Qf ^he graphs of Hi/.(RED) VS. pH, a similarity in the

John Wiley & Sons, Inc., New York, N. Y „ 1961: ia) pp 175, 186; (b) °  r  ' v
p 217.

(3) (a) H. N. Simpson, C. K . Hancock, and E . A. Meyers, J .  Org. Chem., (6) L. P. Hammett, “Physical Organic Chemistry/’ McGraw-Hill Book
30, 2678 (1965); (b) J .  O. Schreck, C. K. Hancock, and R. M. Hedges, Co., Inc., New York, N. Y ., 1940.
ibid., 30, 3504 (1965). (7) L. A. Jones and C. K . Hancock, J .  Org. Chem., 25, 226 (1960).

(4) M . Rapoport, C. K . Hancock, and E . A. Meyers, J .  Amer. Chem. (8) L. E . Scoggins and C. K . Hancock, ibid., 26, 3490 (1961).
Soc., 83, 3489 (1961). (9) P. Zuman, “Substituent Effects in Organic Polarography,” Plenum

(5) C. K. Hancock and A. D. H. Clague, ibid., 86, 4942 (1964). Press, New York, N. Y „  1967.
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T a b l e  I

POLAROGRAPHIC OXIDATION AND REDUCTION HaLF-WaVE POTENTIALS OF
4- Substituted 2-Nitrophenols

4 ,----------------------—  Æi/jCRED)“'6 at pH---------------------- ,  ,--------------------------ffV i(0 X ) ° 'c at pH-------------------------- ■
Compd substituent 2.2 4.0 6.0 8.0 9 .2  2.2 4.0 6.0 8.0 9.2

1 OCH3 0.178 0.272 0.412 0.540 0.723 0.722 0.599 0.461 0.342 0.316
2  CH3 0.207 0.300 0.443 0.571 0.745 0.884 0.773 0.612 0.565 0.549
3  H 0.193 0.273 0.422 0.653 0.744 0.999 0.865 0.686 0.603 0.621
4  CSHS 0.178 0.303 0.390 0.518 0.633 0.817 0.685 0.541 0.473 0.471
5  Cl 0.127 0.221 0.325 0.500 0.641 0.959 0.834 0.721 0.636 0.680
6  COOCHs 0.123 0.230 0.367 0.532 0.648 1.040 0.930 0.832 0.822 0.855
7  COCHs 0.142 0.237 0.394 0.576 0.701 1.047 0.916 0.824 0.817 0.847
8 N02 0.082 0.193 0.356 0.492 0.618

° Volts vs. saturated calomel electrode. 6 Dropping mercury indicating electrode. r Graphite indicating electrode.

T a b l e  II
POLAROGRAPHIC OXIDATION AND REDUCTION HaLF-WaVE POTENTIALS OF

5- Substituted 2-Nitrdphenols
S ,----------------------—  Ei/2(R E D )“'6 a tp H -----------------------, ---------------------------J?1/2(O X)“’c at pH----------------------------

Compd substituent 2.2 4.0 6.0 8.0 9.2 2.2 4.0 6.0 8.0 9.2

9 OCH3 0.283 0.375 0.518 0.647 0.825 1.039 0.906 0.748 0.648 0.655
1 0  CH3 0 . 2 2 2  0.318 0.436 0.594 0.767 0.978 0.844 0.676 0.578 0.562
11 CH3CONH 0.239 0.318 0.447 0.585 0.717 1.010 0.876 0.702 0.611 0.592
12 H 0.193 0.237 0.422 0.653 0.744 0.999 0.865 0.686 0.603 0.621
13 Cl 0.144 0.242 0.371 0.532 0.684 1.026 0.900 0.760 0.720 0.742
14 COOCH3 0.092 0.176 0.292 0.442 0.605 1.016 0.871 0.726 0.687 0.682
15 NO2 0.042 0.125 0.246 0.355 0.445 1.085 0.948 0.861 0.865 0.885
16 CHO 0.070 0.152 0.262 0.412 0.622 1.027 0.874 0.744 0.716 0.742

“ Volts vs. saturated calomel electrode. 6 Dropping mercury indicating electrode. c Graphite indicating electrode.

T a b l e  III
Substituent Constants and E lectronic Spectral Data for 4- and 5-Substituted 2-Nitrophenols

.--------- 4 substituent“--------- , .--------- 5 substituent6----- —.
Compd Substituent c mc <rpc av±d vbc y V  vhe vhi

1 OCH3 0.115 -  0.268 -  0.778 21,978 25,575 24,510 28,980
2 CH3 -0.069 -0.170 -0.311 23,095 27,174 23,810 28,730
3 H 0.000 0.000 0.000 24,155 28,571 23,920 28,570
4 CH3CONH 0.248 -0.015 -0.600 23,310 26,667 24,210 28,330
5 C6H5 0.060 - 0 . 0 1 0  -0.179 22,727 26,455 23,700 30,580
6 Cl 0.373 0.227 0.114 23,474 27,624 24,420 29,240
7 COOCH3 0.315 0.385» 0.636 25,000 29,326 23,470 28,090
8 COCH3 0.376 0.502 0.874 25,126 29,412 22,930 27,850
9 N02 0.710 0.778 1.270 22,620 27,510
1 0  CHO 0.382 0.425* 1.126 22,930 27,850
“ Reference 4. 6 Reference 5. ‘ Reference 10. d Reference 11. ‘ ><b in cm- 1  = 1/X̂ “°H X 1 0 7 for the longest wavelength. f va 

in cm- 1  = l/A™ X 107 for the longest wavelength. » H. van Bekkum, P. E. Verkade, and B. M. Wepster, Rec. Trav. Chim. Pays- 
Bas, 78, 815 (1959). * M. Charton, J .  Org. Chem., 28, 3121 (1963); A. A. Humffray, J. J. Ryan, J. P. Warren, and Y. H. Yung, 
Chem. Commun., 610 (1965).

character of the limiting currents, and a similarity in the expected since any factor which increases the electron
degree of reversibility. Only 3-hydroxy-4-nitrobenz- density at the site of the reduction would make it more
aldehyde (the 5-CHO compound of series II) was difficult to add electrons.
found to give a reduction diffusion current different As shown by entries 1-5 in Table IV, the correlation 
from the others, and it was thought best to exclude it between Hi/,(RED) and amw for series I is poor at pH
from the regression analysis of Hi/,(RED) vs. o>10 or 6.0 and 8.0, good at pH 9.2, and excellent at pH 2.2
oyh11 The 2,4- and 2,5-dinitrophenols each showed (Figure 1) and 4.0. The precision obtainable for the
two distinct reduction waves for the two nitro groups. polarographic reduction potential, based upon the
In both cases, the first of the two waves was used for the present study, is approximately ±  0.005 V and the
various correlations described below. uncertainty in <rm is approximately ± 0 .01 , so that the

For both series I and II, the magnitude of the poten- estimated standard deviations agree fairly well with the
tial required for reduction increases with increasing pH values of s at pH 2.2 and 4.0.
(Tables I and II). The plots of reduction half-wave As shown by entries 16-20 in Table V, the correlation 
potentials vs. substituent constants (Figures 1-3) have between Hi/,(RED) and <x„ for series II is good at pH 
positive slopes indicating that substituents which 8.0, slightly better at pH 2.2 (Figure 2), 4.0, and 6.0,
increase the electron density increase the magnitude of and excellent at pH 9.2. The least significant correla-
the potential required for reduction. This is to be tions between Hi/,(RED) and a  for both series I and II

(10) h . h . Jaffé, Chem. Rev.. 5 3 , 222 (1953). o c c u r  a t  P H  6 0  a n d  8 -° -  E n t r i e s  2 1 - 2 5  f o r  s e r i e s  I I  in
(11) h . c. Brown and Y . Okamoto, /. Amer. Chem. Soc., so, 4979 (1958). Table V show that at low pH there are better correla-
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-0.2 0.0 0.2 0.4 0.6 Figure 2.—Relationships between £i/2(RED) an(j ap (q) and 
O’ between Ei/,(OX) and am (O) for 5-substituted 2-nitrophenols

Figure 1.—The relationship between Ah/.,(RED) and <r„ (n )- Numbers refer to compounds as listed in Table II.
O) and between Ei/,(OX) and <r„ (O) for 4-substituted 2-nitro
phenols (I). Numbers refer to compounds as listed in Table I. ------- ,--------,--------,--------,-------,—

0 .0 -
Table IV <2 14 15

Regression Analysis Data for Ei/t vs. a- _j _0 | - IS -
for 4-Substituted 2-Nitrophenols (I) > a

% confidence 2
Entry pH £■// pc rd se level' £ _Q 2.

¿’■/¡(RED) = E i/2°(RED ) + po-m, w = 8 “ ¡j'« '*
1 2.2 -0.192 0.160 0.984 0.008 >99.95
2 4.0 -0.288 0.145 0.944 0.014 >99.95 -0.3- p H 2 2

3 6.0 -0.415 0.114 0.765 0.027 97.3
4 8.0 -0.576 0.121 0.597 0.045 88.2
5 9.2 -0.726 0.162 0.856 0.027 99.3 8 _0 4  0  0  0 4  0  8  j 2

E~MOX) = J5yi(OX) + pap, n = 7° c r
6  2.2 0.890 0.360 0.844 0.072 98.3 -P
7 4.0 0.766 0.359 0.836 0.074 98.1 Figure 3.—The relationship between F/i/s(RED) and ap* for
8  6.0 0.625 0.449 0.920 0.060 99.7 5-substituted 2-nitrophenols (II). Numbers refer to compounds
9 8.0 0.555 0.559 0.919 0.075 99.7 as listed in Table II.

10 9.2 0.559 0.640 0.934 0.077 99.8
Ei/,(OX) = Ei/,°(OX) + pap*, n = 7“ The polarographic oxidation of the compounds of

11 2.2 0.914 0.197 0.909 0.056 99.5 both series can probably best be described as the oxida-
“  0° - 2  °Q ™  ¡¡‘¡ g  0° 0° 68 • tionofthe -OHor-O" group by loss of electrons from
1 4  8:S : S  : S  ! : X  ! : X  >2:5» the module *  t h e ^ . o f  * * ( p x ) „ .
15 9  2  0 603 0  3 3 7  0.969 0.053 >9 9 . 9 5  log (td -  AA revealed that these reactions are lrrevers-

. Number of experimental points used. » Regression intercept. Me. It was assumed, however, that corresponding 
c Regression slope. d Linear correlation coefficient. e Standard electrochemical reactions are taking place m all cases
deviation from regression. ' Based on Student’s t test (ref 13). since these oxidation reactions, like the reductions,

follow Zuman’s9 criteria for the validity of such assump
tions between Ay, (RED) and exalted substituent con- tions. The magnitude of the potential required for
stants, ,rp±, which indicates that for this series reso- oxidation decreases with increasing pH (Tables I and
nance effects may be of substantial importance (Figure II), and substituents which decrease the electron
3). Moreover, the values of s obtained at pH 2.2 and density on the hydroxyl group increase the potential
4  0  are in fair agreement with those expected from the required for oxidation while those which increase the
experimental errors thought to be present and are electron density lower the potential required for oxida-
similar to the results for series I. tion (Figures 1, 2, and 4).

The effect of pH upon the reduction of the compounds The effect of pH upon oxidation is complicated, but 
involved is complicated, but the good correlations ob- the good correlations obtained at high pH appear to
tained at low pH appear to accompany the small, accompany the small variation of Ay,(OX) with pH
nearly parallel variation of E Vs(RED) with pH for pH for pH 8.0 and 9.2.» Also, the poor correlations at the
2 . 2  and 4.Q. 9 more acidic PH 2 -2  and 4 , 0  may be Partly due to the
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Figure 4.—Relationship between Fi/,(OX) and op* for 4- Figure 5.—The relationship between vk and [£i/,(OX) — 
substituted 2-nitrophenols (I). Numbers refer to compounds as £i/,(RBD)] (■) and between vB and [F5/s(OX) — Fy,(RED)]
listed in Table I. (O). Numbers refer to compounds as listed in Table I.

Table Y these correlations will fairly well predict new Hi/,
Regression Analysis Data fob Fy, vs. o values from known tr values for other members of
for 5 -Substituted 2 -Nitrophenols (II) series I and II. The results show that the predictions

% confidence for Hy2(RED) are likely to be more reliable than those
Entry pH E«b pc rd se levek for Ey,(O X) a rid that the uncertainty in the predicted

Fy,(RED) = ¿'y,°(IiED) + pTP,n  = 7“ values depends appreciably upon pH.
16 2 . 2  -0.204 0.229 0.968 0.023 >99.95 Correlation of Polarographic Oxidation and Reduc-
17 4.0 —0.293 0.236 0.974 0 . 0 2 2  >99.95 fjon Half-Wave Potentials with Electronic Spectra.—
18 6.0 -0.424 0.253 0.966 0.027 >99.95 If the polarographic oxidation and reduction half-wave

2  ! : !  : ! : £  ! : £  S  : £  > « = excited states, respectively, then the difference 
Fy,(RED) = 2?y,0(RED) +  pap , n -  7« IHi/iOX) — Hi/,(RED) ] should be proportional to the

21 2.2 -0 .179 0.118 0.985 0.016 >99-95 energy required to raise an electron from the ground

£ i:S :S:2 S:S S:S5 IZ24 8 0 - 0  551 0.139 0.900 0.053 9 9 . 4  good correlation could be found between [Hv,(OX) -
25 9 . 2  -0.692 0.165 0.942 0.046 9 9 . 9  Hi/,(R ED )] and the frequency of the longest wave-

„ j-, oiuyi _i_ » . - ho length electronic absorption maximum.
26 2 2 1/2 0.997 0.103 O.ShT’ 0.017 99.3 For series I, there are good correlations between the
2 7  4 0 0 859 0 102 0 790 0.021 98.0 acicic and basic electronic absorption frequencies, va

28 6  0 0 683 o' 2 1 1  o'899 0.028 9 9 . 8  and j'B, and the difference in the oxidation and reduc-
29 8.0 0.587 0.352 0.949 0.031 >99.95 tion potentials at the five pH’s as shown in entries
30 9 . 2  0.585 0.385 0.921 0.044 99.9 31-35 of Table VI and in Figure 5. The standard

a Number of experimental points used. b Regression intercept. deviations in entries 33—35 in Table VI are better than
e Regression slope. d Linear correlation coefficient. e Standard would be expected from the uncertainties in the mea-
deviation from regression. { Based on Student’s t test (ref 13). surements of the absorption frequencies (442 cm- 1

acidic, 367 cm-1 basic) and the uncertainties in the 
difficulty in measuring the half-wave potentials, since measurements of the oxidation and reduction half- 
at these pH’s the limiting current of the polarographic wave potentials.
waves is very near the decomposition potential of the The effect of substituents on the energies of the 
solvent. For series I, there is a better correlation ground and excited states can be seen in Figure 1
between Hv,(OX) and <r„± (Table IV, entries 11-15) where both oxidation and reduction half-wave potentials
than between Hv,(OX) and ap (Table IV, entries 6-10), have been plotted on the same graph vs. the normal <r
indicating that resonance effects are important (Table values. It is evident from Figure 1 that the difference
IV, Figures 1 and 4). The oxidation potentials are in the energies of the ground and excited states in-
reproducible to within ±0 .015  V. creases with an increase in electron withdrawal. Also

It  can be generally concluded that good correlations the ground-state energy seems to be affected to a greater
exist between Hy, and <r for series I and II and that degree by electron withdrawal than the excited state.
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Figure 6.—Relationship between pa and B i t f OX) for 4-sub- Fipre 7.-Relationship between pB and F .A(0X ) for 4-sub
s tiJe d  2-nitrophenols (O) and 5-substituted 2-nitrophenols (■). flu ted  2-mtrophenols (O) and for Substituted 2-mtrophenols
Numbers refer to compounds as listed in Tables I and II. <■)' Numbers refer to compounds as listed in Tables I and II.

TABlE YI
. _ i?i/,(RED) ] and absorption frequencies, with or without

Regression Analysis Data for v  v s . r t  p n o _________ rp,________
re m v i v  /mrini . the inclusion of the 5 -N 0 2 and 5-CHO compounds, lh e[-ol/2(OX) AND V VS. . _ j. , „ j r 77t //"VYA

[#i/2(OX)] FOR 4-Substituted 2-Nitrophenols (I) graphical display of pa and vB vs. l-&y2(OX)
% confidence Ai/^RED) ] at pH 2.2 and 9.2, respectively, for all data

Entry pH v c c rd se leveK for I and II, are given in Figures 8 and 9. The
v = „0 -(- C[£i/,(0X) -  «1/,(RED)1, n = 7» regression lines shown are for the data of I only. The

31 2 2 v 13 903 12 703 0 954 479 99 9 data for II appear to scatter around the regression lines
32 4 0 pa 13 617 13,284 0.957 461 99.9 calculated for I, and it seems clear that some important
33 6.0 PA 15^872 l l ’ l74 0.985 278 >99.95 effects are unaccounted for in II compared to I. There
34 8.0 PB 16,417 6,214 0.987 205 >99.95 are four points that deviate greatly from the regression
35 9.2 PB 15,232 6,388 0.982 243 >99.95 lines shown. These are for substituents 5-OCII3 and

v = y0 _|_ q g i/fo X )], n = 7“ 5-CH3CONH in acid solution, and 5-CHO and 5-N 02
36 2 2 PA 16,916 11,707 0.983 295 >99.95 in basic solutions. An examination of the spectral
37 4 0 PA 18 421 11 637 0.981 307 >99.95 results available6 shows that the extinction coefficients
38 6.0 pt 211006 10’069 0.965 416 >99.95 for the 5-OCH3 and 5-CH3CONH compounds are
39 8.0 pB 19,677 6,532 9.968 320 >99.95 anomalously large in acid solution, which may indicate
40 9.2 PB 20,073 5,771 0.964 341 >99.95 that these compounds do not belong to the same spec-
«Number of experimental points used. 6 Regression intercept. tral series as the others. As mentioned above, the

c Regression slope. d Linear correlation coefficient. e Standard diffusion current for the 5-CHO compound in reduction
deviation from regression. '  Based on Student’s t test (ref 13). differs from that of any of the others obtained, and

. . . there is perhaps an ambiguity in the reduction process
This finding is in accord with the theoretical discussion for g_N02 compound, but the very large deviations 
of Matsen12 for monosubstituted benzenes. observed in basic solutions are not present in acid

The correlation of pa or pb with 2?iA(RED) or soiutfon. Moreover, the deviations appear to be in the
Fi/,(O X) alone for series I is rather surprising. The wrong direction if the reduction processes in these
correlations13 with E i/2(RED) are not significant, but materials occur at E i/ !(RED) values that are smaller
those with E i/2(OX) are good as shown by entries ¡n magnjtude than expected from the appropriate
36—40 in Table VI and by Figures 6 and 7 at pH 2.2 and regression analyses.
9.2. The regression lines drawn in Figures 6 and 7 are j n t})e graphs of v vs. !?>/„('OX) (Figures 6 and 7, dark 
for entries 36 and 40 of Table VI and apply only to the Squares) for series II the most widely divergent points 
seven members of series I (open circles). The shaded are 5-CHO and 5-N 02 compounds. These are the 
squares in these figures apply to members of series II same points which deviate the most in the graphs of v
and are plotted only for ready comparison. vs_ [£T1/2(QX) — A i/2(RED) ]. These deviations cannot

Thus, for series I, it appears that the correlations of ^  expiajned since there is no reason to suspect that the
pa with E./XOX) alone at low pH are actually superior oxidations or the spectra for these compounds are anom- 
to those of p a  with [E iA(OX) —  E i/2(RED )]. _ alous.

For series II, there are no significant correlations Thus, the correlations of spectral frequencies pA and 
between E y2(OX), I?i/:j(RED ), or [F i/ 2(OX) — ^  with the appropriate values of [E\/,(OX) —

(12) F. A. Matsen, “Technique of Organic Chemistry,” Vol. IX, Inter- FJi/2(RED) ] Or I?i/2(OX) alone appear to be Satisfactory
science Publishers, Inc., New York, N. Y„ 1956. for series I, but not for Series II, and further studies On

(13) G. W. Snedecor, “Statistical Methods," 5th ed, The Iowa State gerjeg Qf compounds are needed in Order to in-
College Press, Ames, Iowa, 1956, Chapter 6.
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2-nitrophenols (■). Numbers refer to compounds as listed in 2-nitrophenols (■). Numbers refer to compounds as listed in
Tables I and II. Tables I and II.

vestigate these internal correlations of different rnea- the capillary tip 0.25 in. beneath the surface, and the potentials 
sured properties of similar molecules. were measured at a pressure of 52 cm with a drop time of 3.2

sec. For the system studied, the dme has a usable range (pH 
_ . „ dependent) to —2.1 V.
Experimental section For the polarographic oxidation half-wave potential, a sharp-

Materials.—The 4- and 5-substituted 2-nitrophenols used in “ ed grapl+  electrode“ was used as the indicating electrode,
this study were prepared and purified as reported previously .*.5 Thf  electrode was inserted through a one-hole rubber stopper

USP reagent quality absolute ethanol was used. Aqueous and P a<?ed 80 Ttbat the tlp ex+ ded Vs m below the surface of
Macllvane buffer solutions» (pH 2.2, 4.0, 6.0, 8.0) were prepared tbe solut»on- was necessary to renew the tip of the electrode
from reagent grade materials and water which had been deionized â ter e,a?b IUn sln.ce’ un ess.t' ”s was doi}e’ the wave heights de-
by passage through an Ilco Way universal deionizing column.15 creased in successive runs of the same solution. (This effect was
An aqueous Clark and Lub» buffer (pH 9.2) was prepared from proubaby caused by contamination of the electrode surface.)
deionized water and reagent grade boric acid and sodium hy- 0ther detalls »f the solution, apparatus and procedure were the 
droxide. same as above for the polarographic reduction. For the system

Commercially available spectrographic quality graphite rods16 graphite electrode has a usable range to +1.1 V.
(Vs-in. diameter) were used as indicating electrodes for measuring The half-wave potentials were determined by the point
the oxidation notentiak method.19 ihe polarograms were of the standard “S” shape and

Deionized water, triply distilled mercury, and reagent grade noi?a™ a were observed. 
mercurous chloride and potassium chloride were used to prepare j e diffusion currents, which a.re dependent on concentration 
the saturated calomel reference electrode17 (see). Triply distilled an(* eJeĉ ^ e surface area, could be accurately measured and
mercury was also used in the dropping mercury indicating elec- reproduced for the reduction waves. However, for the oxidation
trode (dme). waves, the surface area of the electrode varied from run to run,

Measurement of Polarographic Half-Wave Potentials —A and therefore the diffusion currents also varied.
0.00025 M solution in buffered 10 vol % aqueous ethanol of a Reduction half-wave potentials were reproducible to ±0.005 V 
substituted 2 -nitrophenol was prepared by dilution of 5  ml of a whne the oxidation half-wave potentials were reproducible to
0.0025 M solution in absolute ethanol to 50 ml with the appro- ±0.015 Y. The polarograph was checked for accuracy by de
pilate buffer. (Owing to low solubility of 4-phenyl-2-nitro- termmmg the reduction half-wave potential of Pb2+ (0.005 M
phenol, the 0.00025 M solution was prepared in buffered 30 vol % *ea(̂  nl̂ ral'e) ln 0.1 M aqueous potassium chloride solution,
aqueous ethanol.) A 25-ml portion of solution (25°) and 6  '̂̂ ie va*ue 0.396 V obtained agrees satisfactorily with that of
drops of maximum suppressor (2  vol % aqueous Triton X-100) ^ reported previously,
were placed in the appropriate compartment of an H-type cell
with an see in the other compartment. The solution (25°) was Registry No.—Table I —1, 1568-70-3; 2, 119-33-5; 
purged for 10 min with dry nitrogen saturated with vapor from 3, 88-75-5; 4, 885-82-5; 5, 89-64-5; 6, 99-42-3; 7,
10 vol % aqueous ethanol and the polarographic half-wave 6322-56-1; 8, 51-28-5; Table I I —9, 704-14-3; ’ 10,
potential was measured with a Metrohm Polarecord Model E 261 7 nn qo o. 1 1  7 1  o oa c iq «1 1 0 7 /  a ro n polarograph. /UU-38-9, 1 1 , 712-34-5, 13, bll-07-4; 14, 713-52-0;

For the polarographic reduction half-wave potentials, the 15, 329-71-5; 16, 704-13-2. 
dme, as indicating electrode, was placed in the test solution with
—----- ------- Acknowledgment.—This study was supported in

(14) N. A. Lange, “Handbook of Chemistry,” 9th ed, Handbook Pub-
lishers, Inc., Sandusky, Ohio, 1956, p 951. (18) R . A. Nash, D. M. Skaven, and W. C. Purdy, J .  Amer. Pharm .

(15) IJIinois Water Treatment Co., Rockford, 111. Ass., 47, 433-435 (1958).
(16) United Carbon Products Co., Bay City, Mich. (19) H. H. Willard, L. h . Merritt, Jr ., and J .  A. Dean, "Instrum ental
(17) A. I. Vogel, “Quantitative Inorganic Analysis," 3rd ed, John Wiley Methods of Analysis," 4th ed, D. Van Nostrand Co., Inc., Princeton, N. J .

& Sons, Inc., New York, N. Y ., 1961, p 914. 1965, p 692.

1824 J . O rg. C h em ., V o l. 85, N o . 6 , 1970 R odriguez, Meyers, and Hancock



part by a research grant from the Robert A. Welch Processing Center, Texas Engineering Experiment
Foundation and by a fellowship for P. Y . R. from the Station, College Station, Texas 77843. We wish to
National Aeronautics and Space Administration. The thank a reviewer who brought to our attention the
statistical calculations were performed by the Data newer value of av available for CHO.

The Spontaneous Hydrolysis of Sulfonyl Fluorides1

Mary E . Aberlin  and C. A. B unton2

Department of Chemistry, University of California at Santa Barbara,
Santa Barbara, California 93106

Received December 29, 1969

The rates of spontaneous hydrolyses of substituted benzenesulfonyl fluorides in dioxane-water (40:60 v/v) 
at 45.0 or 65.5° follow the sequence 0-CH3CONH > p-N02 > to-N02 > 0-NO2 > p-Br > WI-CH3CONH > H.
The hydrolyses were too slow to be followed when the substituent was p-CH30, 0-NH2, p-NH2, or p-CH3CONH.
The substituent effects are generally very similar to, but larger than, those found for sulfonyl chlorides and 
p =  1.8. The relatively rapid hydrolysis of o-acetamidobenzene sulfonyl fluoride is accompanied by loss of the 
acetyl group, suggesting that a neighboring-group participation of the acetamido group gives an unstable inter
mediate.

Sulfonyl fluorides are generally unreactive toward prevented our studying, quantitatively, compounds
acidic and neutral water and hydroxylic solvents;3-5 for containing electron-donating groups. In addition we
example, Swain and Scott showed that benzenesulfonyl examined the hydrolysis of o-acetamidobenzenesulfonyl
fluoride was much less reactive (by a factor of ca. 5 X fluoride (I), because a derivative of this compound has
103) than the corresponding chloride, although it been found to be surprisingly reactive to water whereas
reacted readily with hydroxide ion.5 The results were compounds derived from m-acetamidobenzenesulfonyl
explained in terms of the strong S -F  bond and the fluoride showed no such reactivity.14
strong electron withdrawal by fluorine. However, 
azo dyes derived from p-aminobenzenesulfonyl fluoride
react readily with cellulose, cellulose acetate, and some i^V-NHCOCH
synthetic fibers.6 In addition, Baker and his coworkers f J  3
have shown that some sulfonyl fluorides are very ^  ^
effective enzyme inhibitors, and that the sulfonyl group '
is bound irreversibly near to the active site.7 Moreover . .
enzymes catalyzed the hydrolysis of some sulfonyl x p e n m e n  a  e c  1

fluorides,8 and Baker suggested that these nucleophilic Materials.—The following sulfonyl fluorides were obtained
attacks upon sulfonyl fluorides occur with assistance commercially and were recrystallized_ from ethanol-water:
from a hydrogen-bonding donor which assists S -F  bond ben̂ enê MMcĥ mp070-71° (lit.15 70°); p-acetamidobenzene
breaking. This hydrogen-bonding donor could be an (Aldrich), mp 175-177° (lit.15 174-176°); «-nitrobenzene
external water molecule or a protic group in thé enzyme, (Alfred Bader), mp 46-47° (lit.16 46-48°). The other sulfonyl
and the nucleophile could be a group in the enzyme or fluorides were prepared by refluxing the chlorides with KF in
an external water molecule. The fact that the hydroly- aqueous dioxane for 0.5-1 hr or by acylating the aminosulfonyl

, , „ • -j fluoride. 3' 14 The reaction solution was poured into cold water,
sis of acyl fluorides, but not chlorides, is acid catalyzed8 the liquid sulfonyl fluorides were extracted; usuaUy into ether, 
suggests that a general acid or a proton assists departure the organic iayer was washed with water and then dried, and the
of the fluoride but not the chloride ion in water. fluoride was distilled in vacuo. The solid fluorides were removed

The aim of the present work was to examine struc- by filtration and recrystallized from methanol-water, ethanol-
tural effects upon the rate of the spontaneous hydrolysis ^  ”  6~ deta  p l y S p - X '
Of arylsulfonyl fluorides because the solvolyses Of the benzenesulfonyl fluoride, bp 60-61° (1.5 mm) [lit.6 83° (3 mm)] ;
corresponding chlorides have been studied in great o-nitro-, mp 52-54° (lit.16 55-58°); p-nitro-, mp 75-78° (lit.11

detail, and all the evidence points to nucleophilic attack 77-79°); p-methoxy-, bp 103-105° (1.7 mm) [lit.16 175° (60
in the rate-limiting step although there is question as to mm)] ; p-bromo-, mp 65-66° (lit.17 65-66°). The infrared spec-
, 1 . . , - 1 1 1 • „ „„j trum of the p-bromo compound was very similar to that m thethe relative importance of bond making and break- l i t e r a t u r e ,18 0. and m.acetamidobenzenesulfonyl fluorides were 

ing. 111-13 The unreactivity of the arylsulfonyl fluorides _________
(10) H. K . Hall, J .  Amer. Chem. Soc., 78, 1450 (1956).
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acknowledged. and references cited.
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(3) W. Davies and J .  H. Dick, J .  Chem. Soc., 2104 (1931). 22, 39 (1956); Ref. Zh. Khim., Abstract. No. 77961 (1956); Chem. Abstr.,
(4) W. Steinkopf, J .  Prakt. Chem., 117, 1 (1927); W. Steinkopf and P. 63, 11286 (1959).

Jaeger, ibid., 128, 63 (1930); W. Steinkopf and R . Hubner, ibid., 141, 193 (13) R . E . Robertson, Progr. Phys. Org. Chem., 4, 213 (1967).
(1934) (14) B . R . Baker and J .  A. Hurlbut, J .  Med. Chem., 11, 233 (1968).

(5) C. G. Swain and C. B . Scott, J .  Amer. Chem. Soc., 76, 246 (1953). (15) A. De Cat and R. van Poucke, J .  Org. Chem., 28, 3426 (1963);
(6) B . Krazer and H. Zollinger, Helv. Chim. Acta, 43, 1513 (1960), and A. De Cat, R . van Poucke, and M. Verbrugghe, ibid., 30, 1498 (1965).
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prepared by acetylation of the amine using acetic anhydride in T a b l e  I
chloroform.14 o-Aeetamidobenzenesulfonyl fluoride recrystallized S p o n t a n e o u s  H y d r o l y s is “
from benzene-methyl ethyl ketone had mp 99-101°. Anal.
Calcd for C6H6FN02S: C, 44.2; H, 3.7; N, 6.4. Found: C, _ . . ln. „ ,, ™
44.3; H, 3.8; JN, 6.2. m-Acetamidobenzene sulfonyl fluoride
recrystallized from benzene had mp 114-116° (lit.14114-116°). ® 368-43-4 1.35 1.1b

Dioxane was purified by treating it with aqueous H C 1 and then 2.04 1.07
with K O H ,  refluxing it over sodium, and then redistilling it over W .-C H 3C O N H  4857-88-9 0.84 1.56
sodium.19 It was stored under N2 at 6 °. Distilled and deionized 1.11 1.57
water was used. Solutions of lanthanum nitrate (MCB) were 1.69 1.60
standardized against KF. 0 - C H 3C O N H  24299-90-9 0.84 6.24°

The kinetic solvent was dioxane-water, 40:60 v/v, made up by  ̂ 6  036
weight from known densities, using redistilled and deionized 6  1 0 6

Wat®r - . . . n'fiR in ' 1Kinetics.—The reaction was followed by determining fluoride u.uo 0 . 0

ion by titration with lanthanum nitrate (0.03 N) using a specific -04 33.1
fluoride ion electrode (Orion 94-09). Aliquots (5-10 ml) of 1-26 31.1
the reaction mixture were diluted with cold ethanol20 (10 ml), p-Br 498-83-9 1.07 2.45
and the pH was brought to 6-7 with 0.022 M NaOAc. Poly- 1.98 2.53
ethylene beakers and pipets were used, and the end point was 0-NO2 433-98-7 0.89 0.89°
taken as the point of inflection of a plot of millivolts vs. milliliters 1  qi 4.25
of titrant. Because the reactions were very slow, infinity titers l 25 4 49
were obtained by adding sodium hydroxide with which the .
fluorides rapidly react.0 _ ™ -N ° 2 349'78-° ° - 9 1  2.96°

The choice of suitable reaction vessels was a major problem.
Polyethylene bottles were satisfactory for use at 45° provided 2.43 2.77°
that the caps were fitted with Viton O rings, but they failed at 0.97 12.9
high temperatures after ca. 24 hr. Polycarbonate bottles were 1.13 12.6
slightly better and lasted for ca. 36 hr, but we finally found that 1 . 5 5  12.4
Teflon bottles made satisfactory containers. Generally the p-N02 349-96-2 1.14 5.05°
screw caps gave satisfactory seals, but sometimes it was necessary 1 ^  4  90°
to use Teflon liners. Every bottle was tested for evaporation of 2  29 5  35 b
the kinetic solvent under reaction conditions. ‘ _ 2 2  4

The hydrolyses of the more reactive sulfonyl fluorides were ' ‘
followed for two half-lives, but generally the reactions were so 1.29 24.8
slow that we could only follow them for one half-life, and reactions 1 • 60 22.5
of p-acetamidobenzene sulfonyl fluoride were followed for only “In dioxane-water, 40:60 v/v, at 65.5° unless specified. 
ca. 30% reaction. The first-order rate constants, kf, are in sec-1. 6 45.0°.

Reaction Products.—Because of the possibility that hydrolysis 
o f 0- , m- and p-acetamidobenzenesulfonyl fluorides might be T a b l e  II
accompanied by anilide hydrolysis, we took reaction mixtures
after ca. two half-lives of reaction of the ortho compound and A c t iv a t io n  P a r a m e t e r s

treated portions of them at 0° with NaN02 until starch-iodide AH*, kcal
paper gave a positive test. The solution was then treated with Substituent moi-i AS*, eu
0-naphthol in NaOH. 22 The copious crop of red crystals obtained o-N02 16.0 —40
from the ortho compound was recrystallized from aqueous to-N02 15,1 —41
EtOH. Anal. Calcd for Ci6HnN26 4SNa■ 0.5H2O: C, 53.5; o NO 14 8  —41
H, 3.4; N, 7.8. Found: C, 53.8; H, 3.6; N, 7.6. When this o-CHCONH 16 3 -36
test was carried out with m- and p-acetamidobenzenesulfonyl *....’ ’ 'jK>
fluorides there was only a slight coloration of the solution. The
results suggested that the anilide group was lost during the re- netics are followed and confirming the earlier evidence 
action of o-acetamidobenzenesulfonyl fluoride, and we examined agannst hydrogen ion catalvsis in dilute acids.3-5 The
D a 1 0 S0!Uti0n °f Only exception was the hydrolysis of p-acetamido-D20, 40:60 v/v after various times at 65.5°, using 1% DSS as , h. , „ , ,%c ro , ,
an internal standard. The methyl protons of the acetamido benzenesulfonyl fluoride where at 65.5 1 X  10
group have a 2.20 (relative to DSS), but, as the reaction proceeds, Sec-1 with 0.01 M  substrate and ~  0.5 X  10-7 sec-1
this peak decreases and a new peak 8 2.25 appears, which is with 0.015 M  substrate. These latter values were
identical with that of added acetic acid. based on the first 10-30% of the reaction and are almost

certainly unreliable because of the hydrolysis of the
Results anilide to give the less reactive p-aminobenzenesulfonyl

The first-order rate constants are given in Table I and fluoride. Hydrolysis of p-acetamidobenzenesulfonyl
the activation parameters, where available, are in fluoride was therefore not examined in detail. Hydroly-
Table II. These parameters are in the range expected S1S to the amide does not aPPear to be a problem with
for a bimolecular reaction for which bond making the ^-acetamido compound, and the greater electron
predominates in the transition state. For reactions withdrawal by a para  compared with a meta sulfonyl
which can be followed only to a partial extent, reaction fluoride group could be responsible for this difference.
order cannot be determined from linearity of plots The release of fluoride from o-acetamidosulfonyl fluo-
based on the integrated first-order rate equation. How- ride ?s. much faster than anilide hydrolysis under our
ever, the spread of independently determined values of conditions (cf. ref 23).
h  was generally less than 10% for twofold changes in T'ie hydrolyses of p-methoxybenzene-, p-amino- 
substrate concentration, showing that first-order ki- benzene-, and o-aminobenzenesulfonyl fluorides were so

slow that we were unable to obtain rate constants for
(19) A, I . Vogel, “Textbook of Practical Organic Chemistry,” Longmans, h y d r o l y s i s  o f  t l lB S e  COIilDO UIlds.

Green and Co. Ltd., London, 1949, p 177. *
(20) Ethanol increases the sensitivity of the fluoride ion electrode.21
(21) J .  J .  Lingane, Anal. Ckem., 39, 881 (1967). (23) I .  Meloche and K. J .  Laidler, J .  Amer. Chem. Soc., 73, 1712 (1951):
(22) G. Schetty, Hdv. Chim. Acta, 49, 461 (1966). M. L. Bender and R . J .  Thomas, ibid., 83, 4183 (1961).
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Discussion

Relation between Structure and Reactivity.—The o- -5.5 -
acetamido group markedly enhances the rate, but for
the other compounds the rate increases with substitu- P'N021 /
tion of electron-attracting groups, as for hydrolysis of y '
sulfonyl chlorides. For the sulfonyl fluorides the rate X m no
sequence (omitting the o-acetamido compound) is -6.0 - /  2
p -N 02 >  TO-NO2 >  o-N0 2 >  p-Br >  to-CH3CONH >  H /
>  P-CH3CONH (Table 1), and for the chlorides it is  ̂ /
p-N 02 >  m -N 02 >  p-Br >  H >  o-N 02 >  p-CH3CONH.12 -  /
For the hydrolyses of sulfonyl chlorides at 25° in ° /
49.1%  aqueous dioxane a plot of log % against a  is -6 5 - /
curved with p increasing from ca. + 0 .6  for a values T+%
close to zero to ca. + 1 .2  for positive a  values.11 For /
the fluorides at 65.5° in dioxane-water, 40 :60  w/w, the /  I  ">-ch3conh
corresponding plot is also concave, although a straight P.CH C0NH
line of slope + 1 .8  can be drawn through the points by '70 "T 3 /
allowing a maximum deviation of 0.1 in log % (Figure 1). /
The vertical bars in Figure 1 are drawn allowing an y
uncertainty of ±  5%  in the values of hp  except for k# ~
for p-acetamidobenzenesulfonyl fluoride (v =  0.00) -0.2 : co 0 2  04------- 06------- oe-----
where we assume an uncertainty of = 50%  (Results).
The larger values of p suggest that electronic effects are O’
more important for hydrolysis of the fluorides than the . T • „ , , , , . . . .
chlorides. Jenkins and Hambly explained the curva-
ture in the plots of log k+ against a  for sulfonyl chloride - , .
hydrolysis in terms of a change in the relative importance 0r f  me , ,su '’f1*-11011*' a  =  0.21, and log k+ for the
of bond making and breaking with changes in substit- !-1 ace ami 0 enzenesulfonyl fluoride fits well on a 
uent groups (c/. ref 24 and 25), and consistently they near ref. enf.r®y whereas the ortho isomer is
found that p decreased as the solvent was made more ^ 0re n ' %,e ' Y y -  30-fold) than expected in terms of 
aqueous. tne value 01 a- tn  addition, comparison between 0-,

We could explain the curvature in the plots of log m. ’ an^ p-iiitroberizeriesulfonyl fluorides suggests that a 
against <r for sulfonyl fluorides in similar terms and S en,C ?, ec 0 an 01  ̂  0 SrouP> if present, could not
assume that the larger value of p «  + 1 .8  is caused by m w  6 y ei1. anc<( substrato3 reactivity,
the greater importance of bond making which results , .e can e lmi^a e ~ S1S b̂e acetamido residue
from the strength of the S -F  bond and the strong elec- f°  f  1Vf ° :aminobenzenesulfonyl fluoride, followed by its 
tron withdrawal by fluorine. However, we note that ydr°% S1S’ as a . P0SSlble mechanism. Anilides are 
the temperature of our experiments was relatively high, Senera y unreactive except m the presence of acids or 
and the solvent was less aqueous than that used for ases, an er m~ ((or P-acetamidobenzenesulfonyl 
hydrolysis of the chlorides both of these factors tend fluorl e J  royze rapidly to the ammobenzenesulfonyl
to increase P+ -> 2 In addition, «■ may not be the fluoride-‘ m Edition we could detect no hydrolysis of
appropriate substituent parameter for these reactions.26 o-amino enzenesu ony fluoride after 2 months at 45.0

The high relative reactivity of o-nitrobenzenesulfonyl m * ° xaf _wa? r 40 :60  w/w.
fluoride, compared with the low reactivity of the ,ere °.re seems tbat tbe o-acetamido group
corresponding chloride, also gives some support for the PrcmdeS ^ m o le c u la r  catalysis. One possibility is 
assumption that electronic effects are more important a 1 1S ac lng as a genera acld’ as ln ^  or 
in the sulfonyl fluorides than in the chlorides and that q j
the effect of the o-nitro group is electronic rather than O !
Steric‘ h3c— c f  u N/ - ° s H

Charton has shown that ortho substituents can ex- ISr '-F V T
ercise large electronic effects27 which may be due to a I g0  I J f
resonance or to a field effect, and such electronic effects * I I I —S° 2
of an o-nitro group should be more important in hy- L i  L 0
drolysis of a sulfonyl fluoride compared with the ^ T n
chloride.

Effect of the o-Acetamido Group. The relatively There is evidence for hydrogen bonding to oxygen in 
high reactivity of o-acetamidobenzenesulfonyl fluoride compounds similar to II and III, e.g., in o-acetamido-
(I) cannot be caused solely by either an electronic or benzene sulfones and sulfonamides.28 However, intra-
steric effect. For example, for p-aeetamido <j =  0.00, molecular general acid catalysis of itself can not explain

the loss of the acetyl group during hydrolysis. A
(24) c. g. Swain and n . p. Langsdor:, j . Amer. Chem. Sac., 7s, 2813 reasonable mechanism involves nucleophilic attack by

(1951). the acetamido group upon sulfur.
(25) Y . Yukawa and Y . Tsumo, Bull. Chem. Soc. Ja p .,  32, 971 (1959).
(26) J .  E . Leffler and E . Grunwald, “Rates and Equilibria of Organic

Reactions,” John Wiley & Sons, Inc., New York, N. Y ., 1963, Chapter 7. (28) J .  R . Bartels-Keith and R . F . W. Cieciuch, Can. J .  Chem., 46, 2593
(27) M . Charton, J .  Amer. Chem. Soc., 91, 615, 619, 624, 969 (1969). (1968); cf. I .  D. Rae, ibid., 46, 2589 (1968).
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There is no nmr evidence for the existence of the proposed by Baker and his coworkers for the irreversible
intermediates IV and V, but both of them should be sulfonylation of a nucleophilic group of an enzyme by a

^ sulfonyl fluoride.7,8
| 1 | 3 Amido groups provide powerful anchimeric assistance

jj q q to ionization at saturated carbon,29 and in this system
N'N'/  qo \ )  the intermediate oxazoline can be isolated. In addition

| A r - S o A  i ^ j r - S ° 2 R JR
* 0  x J 1 ryA k

IV Hisr ^ o  s 0
\  I ^ /  1 ** \  I I /

NH2 NH2 ------C<  ̂ / C — c<^

A - 8 0 .0 C 0 C H . _  A _ S O , -  + CHjCOiH i

X X  intramolecular acylation of the conjugate base of an
V amide occurs very readily30 by a reaction which is

very reactive under the hydrolysis conditions. This somewhat similar to that proposed here, 
mechanism assumes that there is no intramolecular TTr
hydrogen bonding to the leaving fluoride ion which Acknowledgment.- We thank Professor B. R. Baker 
should be solvated by solvent water, and the hydrogen or help ul discussions and Mr. D. Hachey for technical 
on the nitrogen atom is a far way from the fluoride atom assistance.
in the transition state. (29) S. Winstein and R. Boschan, J. Amer. Chem. Soc., 72, 4669 (1950).

In this mechanism it is assumed that water molecules (30) S. A. Bernhard, A. Berger, J. H. Carter, E. Katehalski. M. Sela, and 
will solvate the departing fluoride ion and remove the I : Shallita1\tQ̂ nQAa2A21M(1T62A’ vA A' Sllaler »nd h. Morewet*. J.m i* , . Chem., 28, 1899 (1963); M. T. Behme and E. H. Cordes, ibid., 29, 1255
amide proton. I his mechanism is very similar to that (1 9 6 4 ).

Rearrangem ents of Sulfones to Sulfinic Acids via Carbanion Interm ediates1

W il l ia m  E. T ruce and W il l ia m  W. B rand

Department of Chemistry, Purdue University, Lafayette, Indiana 47907 
Received January 20, 1970

Mesityl 1-naphthyl sulfone was shown to rearrange to 2-(l'-naphthylmethyl)-4,6-dimethylbenzenesulfinic 
acid by treatment with n-butyllithium in ether, or to the 2 '-naphthylmethyl isomer with potassium i-butoxide 
in dimethyl sulfoxide. In contrast, mesityl p-tolyl sulfone, mesityl m-tolyl sulfone, and mesityl o-tolyl sulfone 
were shown to rearrange to the corresponding 2-(4'-methylbenzyl)-, 2-(3'-methylbenzyl)-, and 2-(2'-methyl- 
benzyl)-4,6-dimethylbenzenesulfinic acids, respectively, with either n-butyllithium in ether or potassium t- 
butoxide in dimethyl sulfoxide. Mesityl m-tolyl sulfone, on treatment with n-butyllithium in ether at 0° for 
a short time followed by quenching with C02 and subsequent decarboxylation, gave l,5,7-trimethyl-4a,9a- 
dihydrothioxanthene 10,10-dioxide (8 ), the product of attack ortho rather than para to the tolyl methyl. Mesityl 
o-tolyl sulfone gave, in the same reaction, or by rapid quenching with water, 2,4,9a-trimethyl-4a,9a-dihydro- 
thioxanthene 10,10-dioxide (12), resulting from ionization of the tolyl methyl. When 8 was treated with either 
base-solvent system, it rearranged to the same acid product as did its sulfone precursor. Sodium ethoxide 
in hot ethanol, however, caused 8  to rearrange to 2-(2'-methylbenzyl)-4,6-dimethylbenzenesulfinic acid. These 
results are discussed in terms of the proton-donating ability of the solvent, the aromatic character of the rings, 
and relative acid-base strengths.

Aryl sulfones containing an o-methyl group have been the rearrangement was shown to proceed via displace-
shown to rearrange to o-benzylbenzenesulfinic acids ment at the carbon bearing the sulfonyl group (i.e., with
when treated with w-butyllithium in ether,2 or with retained orientation on the part of the migrating
potassium f-butoxide in dimethyl sulfoxide (DMSO).3 group).3 The reaction was also shown to proceed with
In the conversion of mesityl p-tolyl sulfone (1) to 2- various substituents other than methyl in the migrating
(4'-methylbenzyl)-4,6-dimethylbenzenesulfinic acid (2), benzene ring.4

Drozd and coworkers have shown that, if mesityl 
P ^ 2 p-tolyl sulfone is treated with w-butyllithium for a short

n-BuLi time, followed by rapid quenching, a 4a,9a-dihydro-
c ” 3 \ / ~  ° 2 X ether' thioxanthene 10,10-dioxide can be isolated from the

\  „  reaction mixture.6 Similar results were obtained with
3 other diphenyl sulfones.6'7 These products must result
1 CH3 (1) Paper VII in the series on rearrangements of aryl sulfones.

/  (2) V. E. Truce, W. J. Ray, Jr., O. L, Norman, and D. B. Eickemeyer,
J)   ̂ J. Amer. Chem. Soc., 80, 3625 (1958).
f )— S02H (3) W. E. Truce, C. R. Robbins, and E. M. Kreider, ibid., 88, 4027 (1966).
x = /  .— (4) W. E. Truce and M. M. Guy, J. Org. Chem., 26, 4331 (1961).

Wi __(/ T. N. Drozd and T. Yu. Frid, Zh. Org. Khim„ S, 373 (1967).
2 \ /  3 (6) V. N. Drozd, Dokl. Akad. Nauk SSSR, 169, 107 (1966).

(7) V. N. Drozd, L. I. Zefirova, and U. A. Ustynyuk, Zh. Org. Khim.,
2 4, 1794 (1968).
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from intramolecular Michael addition of the initially addition-/? elimination, depending on the base-solvent 
formed benzylic carbanion to the 1,2 bond of the other system used.
benzene ring. ruun3

Results rTr /  \
C H 3 W  i-BuOK

Mesityl Naphthyl Sulfones.—Previously it was /  \ 1)Mg0 *
shown3 that treatment of mesityl naphthyl sulfones with __ 
potassium f-butoxide in DMSO resulted in rearrange- 
ment with a change in orientation on the part of the 
migrating naphthyl.8 Mesityl 1-naphthyl sulfone (3)
was rearranged under these conditions to 2-(2'- T CU3
naphthylmethyl)-4,6-dimethylbenzenesulfinic acid (5). i f ^ l
Similarly, mesityl 2-naphthyl sulfone rearranged to give BuLi „
the product with naphthyl substituted in the 1 position. CH2 ] CH3 ‘ether S02 |
The rearrangement was suggested to involve a Michael S02H
addition of the benzylic carbanion to the 1,2 bond of f  J|[ J  f  11 1
naphthalene, followed by a /? elimination. Drozd and

Mesityl 2-naphthyl sulfone rearranges with n-butyl- 
lithium in ether to the extent of only 5%. The product, 

| j  I J  sulfinic acid, was therefore not available in sufficient
base S O T j  quantities for structure identification. Presumably

T ¿ jj *" 1 ch2_ this reaction also proceeds via direct displacement (to
Z h A  the extent that it occurs).

Mesityl o-, m-, and p-Tolyl Sulfones.—The three iso- 
2 meric mesityl tolyl sulfones were prepared and rear-

CH CH ranged under Truce-Smiles conditions to determine
3 whether at least a small amount of a common product

JJ J  could be seen in the nmr of the crude sulfinic acid products
S02 | __K arising from some addition-)? elimination in the rear-

.. _ i^ ^ ,C H 2 rangement of one or more of these sulfones with either
I 11 T h base-solvent system. The product acids were found

by nmr to be isomerically pure, however, and different 
4a from each other. Our earlier results8 that mesityl p-

tolyl sulfone gives the same product with either n-butyl- 
lithium in ether or potassium f-butoxide in DMSO were 

Y |  Y Y  confirmed. I t  therefore appears that with the mesityl
SO ■ Y  — elimination 'O S/ ^ T  tolyl sulfones no addition-/? elimination occurs under

H | 2 I tt 2 I Truce-Smiles conditions.
2 7 Drozd6’7 has isolated the cyclized product 2,5,7-tri-

[  11 J  H L 1 1 1  methyl-4a,9a-dihydrothioxanthene 10,10-dioxide (6)
from mesityl p-tolyl sulfone by treating the sulfone with 

4 5 n-butyllithium at 0° for a few minutes and by subse
quent pouring onto C 0 2, followed by decarboxylation 

coworkers,9 and we,10 independently, have been able to -with 10% KOH solution. This product could be
isolate the intermediate compound 4b thus giving caused to rearrange to 2 by treatment with n-butyl-
credence to this mechanism. lithium in ether or to 2-(3/-methylbenzyl)-4,6-dimethyl-

Mesityl 1-naphthyl sulfone, when treated with n- benzenesulfinic acid (7) by treatment with sodium
butyllithium in ether, gave a 42%  yield of a sulfinic ethoxide in ethanol. We have also found that treat-
acid product, which was derivatized with 2-hydroxy- ment of 6 with potassium f-butoxide in DMSO leads to
3,5-dichlorobenzyl chloride. This was found to be same product, 2, as treatment with n-butyllithium
different from the derivative from the f-butoxide- ¡n ether.
DMSO-induced rearrangement product from mesityl
1-naphthyl sulfone, but identical (ir, melting point, and I H
mixture melting point) with the derivative from the t- BuLi COz H+ K0H i l Y  X
butoxide-DMSO-induced rearrangement product from 1 ether> *  v
mesityl 2-naphthyl sulfone. This product was pre- 0„ ’ CH3 H 3
viouslyshown3tobe2-(l'-naphthylmethyl)-4,6-dimeth- 6min g
ylbenzenesulfinic acid. Meshyl 1-naphthyl sulfone, CH;!
therefore, will rearrange via direct displacement or JL^.SChH

(8) Our earlier report* that the naphthalene compounds give the same re- BuLi-ether EtO~ fl I .—.
arrangement product with either potassium t-butoxide in DMSO, or with 2 Qr EtOH ptr \ \
w-butyllithium in ether was in error. The structure proof in that paper was 3 2 \ . /
carried out only on the products from rearrangement with potassium t- ¿-BuOK-DMSO \
butoxide in DMSO. CH3

(9) V. N. Drozd and Kh. A. Pak, Zh. O t q . Khim 3, 2079 (1967).
(10) E . M. Kreider, Ph.D. Thesis, Purdue University, Aug 1967. *
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Mesityl m-tolyl sulfone, when treated with n-butyl- either p- or m-tolyl mesityl sulfone and was assumed., 
lithium in ether, gave an 83% yield of an unstable by analogy to the ethoxide-induced rearrangement
sulfinic acid which was shown, through derivatization of 6, to be the isomeric 2-(2'-methylbenzyl)-4,6-di-
with 2-hydroxy-3,5-dichlorobenzyl chloride, to be methylbenzenesulfinic acid (10). However, treat-
identical with the acid 7, produced from the ethoxide- ment of 8 with either potassium i-butoxide in DMSO or
induced rearrangement of 6. In analogy to the p- n-butyllithium in ether caused rearrangement to the
tolyl system, mesityl m-tolyl sulfone was rearranged by same product, 7, as was obtained by treating mesityl
potassium i-butoxide in DMSO in 82%  yield to the same m-tolyl sulfone under the same conditions,
product, 7, as with n-butyllithium in ether. The lith- When either mesityl p-tolyl or mesityl m-tolyl sulfone 
ium salt of 7 could be isolated by filtering the butyl- was treated with an excess of sodium ethoxide in ethanoi
lithium reaction mixture before hydrolysis with water. under the same conditions as were used with 6 and 8,
When this salt was desulfurized by treatment with no acidic product resulted, and only starting sulfone
aqueous HgCl2 followed by removal of mercury with could be recovered.
hot HC1 in aqueous ethanol, and the resulting hydro- Treatment of mesityl o-tolyl sulfone (11) with 71- 
carbon was compared with authentic samples of 3,3',5- butyllithium in ether gave a 71%  yield of a fairly stable
and 3,4',5-trimethyldiphenylmethanes prepared earlier sulfinic acid. This acid was identical with 10 produced
by known methods,3 the hydrocarbon was found to be from the ethoxide-induced rearrangement of 8. The
identical with the 3,3',5 isomer, but different from the same product, 10, was obtained in 96%  yield when 11
3,4',5 isomer (ir, nmr, n27d, and boiling point), thus in- was treated with potassium i-butoxide in DMSO. The
dicating rearrangement with retained mela orientation. sulfinic acid 10 was treated with Cb followed by cycliza- 

The product l,5,7-trimethyl-4a,9a-dihydrothioxan- tion with A1C13 to give a product which was identical
thene 10,10-dioxide (8) could be isolated by treatment with 9, thus confirming its structure as 2-(2'-methyl-
of mesityl m-tolyl sulfone with n-butyllithium at 0° for benzyl)-4,6-dimethylbenzenesulfinic acid. Therefore,
a short time followed by carboxylation-decarboxyla- all three of the isomeric mesityl tolyl sulfones rearrange
tion. The product in which the benzyl carbanion under the Truce-Smiles conditions with retention of
added to the ortho rather than the para  position relative orientation.
to the tolyl methyl group was isolated exclusively. The When a solution of mesityl o-tolyl sulfone was treatec 
structure of this product was confirmed by bromination with n-butyllithium at 0° for a short time followed by
and dehydrohalogenation to give a thioxanthene 10,10- either protonation or carboxylation-decarboxylation,
dioxide, 9, which was different from both the 2,4,6- and 2,4,9a-trimethyl-4a,9a-dihydrothioxanthene 10,10-di-
2,4,7-trimethyl derivatives. The 2,4,6 isomer showed oxide (12) was the product rather than the expected
the hydrogen on the carbon adjacent to the carbon
carrying the S 0 2 (on C5) to be a singlet in the nmr;11 CH3

the 2,4,7 isomer showed the hydrogen on Cs to be a 1 3 o2 1 3 i ^ . S 0 2H
doublet with J  =  8.6 H z;11 9, however, had a triplet, BuLi I "T __,
J  — 4.5 Hz, for the C5 hydrogen. The structure of this J "  [[ I J  \
compound was therefore assumed to be 1,5,7-trimethyl- 3 2 \ = /
thioxanthene 10,10-dioxide. This compound was also u
alternately synthesized from 2-(2'-methylbenzyl)-4,6- 
dimethylbenzenesulfinic acid via a chlorination and
Friedel-Crafts reaction (see below). While this work cH3

was in progress, Drozd7 independently reported the I H j?2
isolation of 8 and its aromatization to 9. . %i DBuLi CO; koh I || J

<rH3 0 H  f 3 o2 °°:j U2n JL S lmin

j f j L  T  J  12
/ITT m

H 1 3 I 2,4,5- or 2,4,8a-trimethyl isomers. Only a 4%  yield of
3 12 could be obtained from the carboxylation procedure

8 9 along with 19% of the recovered starting material and
9^3 77%  of the rearranged sulfinic acid, 10. However,

when the cold reaction mixture was poured directly into 
Eto~ Jj T ,—» water, and the organic layer was dried and evaporated,

8 koh" —/  J  49.4%  of a white solid w-as obtained which nmr indi-
cated to be approximately 40%  12 and 60%  starting 

CH3 material, thus giving a ca. 20%  yield of 12. None of
10 the other two possible products was detected in the nmr.

The structure of the product was determined by 
Further proof of the structure of the dihydro com- analogy to the nmr of the cyclized product from di

pound, 8, was obtained when it was treated with an mesityl sulfone.12 This compound has the methyl
excess of sodium ethoxide in ethanol giving a 48%  yield groups at C5 and C7 as typical aryl methyls (5 2.29 and
of a sulfinic acid. This acid was different from the 2.63), the C4 methyl at 8 2.10, the C2 methyl at 3 1.63,
n-butyllithium-induced rearrangement product from and the C9a methyl at 3 1.20. 12 has its methyl peaks

(11) V. N. Drozd and L. I. Zefirova, Zh. Org. Khim ., i ,  165 (1968). (12) V. N. Drozd and V. I. Scheichenko, ibid., 3, 554 (1967).
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CH3 CH3 proton source is available, however; so rearrangement
Is g2 JU to a sulfinic acid can only occur via the direct displace-

jT* £a J 3 ment reaction, regardless of the nature of the migrating
ring. In DMSO, however, the solvent can act as a 

a 9 a proton source, and the picture is more complex. Again,
, . , , _ an equilibration between 13 and 15 is established,

at 5 1.20, 1.55, and 2.10 m analogy to the methyls at Which path operateSj then> in DMSO is a function of
C9a, Cj, and C4; no peaks appear in the 8 2.2 2.9 region Hie relative magnitudes of the rates kh and fc3, and the
which is the normal region for aromatic methyls. This equilibrium constant K  = k 2/k^ 2. The rate constants
eliminates the other two possible isomers, as well as ^  and k:i should not vary greatly from phenyl to naph-
strongly implicating the 2,4,9a-tnmethyl isomer. thyl. K , however, will be greatly changed. In the

When mesityl o-tolyl sulfone was allowed to react equilibration between 13 and 15, the aromaticity of
with w-butyllithium in ether for 4.5 hr followed by phenyl or naphthyl is lost. The loss of resonance
pouring onto C 0 2 and subsequent decarboxylation, no energy from one ring of the naphthyl system should be
product precipitated, thus indicating that 12 is formed considerably less than the stabilization energy loss from
reversibly and can go on under the reaction conditions a phenyl ring This difference in energy required for
to give rearranged sulfinic acid 10. . . . .  the cyclization should cause the equilibrium constants,

The fact that the only cyclization product which is ^  to differ by perhaps a factor of lOMO'l This could
isolable from the o-tolyl sulfone results from ionization easily be enough difference to cause a change from see-
of the tolyl methyl group, followed by addition across jng exclusively one product (14) wThen phenyl migrates,
the a, 8  bond of the mesityl ring, rather‘than ionization to seeing exclusively the other product (17) when
of a mesityl methyl, followed by addition across the naphthyl migrates.
tolyl a ,¡3 bond, would seem to indicate that the cycliza- Treatment of the cyclized species 16 with various 
tions are, indeed, only side equilibria in these reactions bases is simply a matter of acid and base strengths,
and not intermediate steps as was suggested. If With the very strong bases, n-butyllithium-ether or
these were actually intermediates, the 0-, m-, and p-tolyl potassium f-butoxide -DMSO, the kinetically most
compounds which give analogous rearrangements would acidic hydrogen, that a  to the sulfonyl, is abstracted,
be expected to give analogous intermediates. Such is leading once again to the equilibrating anions 15 and
not the case. 13, to which the above arguments apply. The weaker

Conclusions base, ethoxide in ethanol, is too weak to form a carb-
anion; therefore, a concerted j3 elimination is the only 

Rearrangements of o-methylaryl sulfones to sulfinic pathway available leading to product 17. 
acids via carbanion intermediates can occur by at least
two mechanisms, as summarized in Scheme I, i.e., (1) Experimental Section»
a direct displacement by the benzylic center on the
sulfone-bearing carbon, and (2) a Michael addition- General Procedure for the n-Butyllithium-Induced Rearrange- 
d-elimination sequence. Which pathway is followed is  ment of Sulfones - T h e  rearrangements were carried out in a 
n t t n , /* jt x it _ j 11 three-neck, round-bottom flask equipped with a mechanical

determined by the nature of the sulfone and t  e stirrer, gas inlet, pressure-equalizing dropping funnel, and a
solvent system. drying tube. The apparatus was flame dried and cooled by

passing nitrogen through. The sulfone was dissolved in ether16 

S c h e m e  I and stirred in a nitrogen atmosphere, and an equivalent amount
Q of commercial n-butyllithium in pentane (Foote Mineral Co.,
S2 co. 1.3 3/) was added drop wise. The initially deep-red reaction

h \ \ \  mixture was stirred at room temperature for 4-6 hr in a nitrogen
L I  I J  displacement * / f ~ \  atmosphere. It was then poured into water and the layers were

CH2—Y  V separated. Starting material was recovered by drying and
'==/ evaporating the ether layer. The aqueous layer was acidified to

13 14 pH 1 with concentrated HC1 and extracted with ether. The
» ether extracts were combined and extracted with 0.5 N aqueous

kz NaOH. The resulting basic solution was acidified to pH 1 and
-------------- -------------------------  ̂ extracted with ether. The ether was dried (MgSO,) decolorized,

02 • 02H and evaporated giving the sulfinic acid products.
^  General Procedirre for the Potassium f-Butoxide-Dimethyl

¡ 1 ]  J [] I J  — *■ Sulfoxide Induced Rearrangement of Sulfones.—The same dry
/3elimination apparatus was used as for the n-butyllithium-induced rearrange-

H H ments. The potassium f-butoxide was dissolved in DMSO
(previously dried over CaH2), and to this well-stirred solution 
was added dropwise a solution of the sulfone in DMSO. The

a S02- reaction mixture was stirred at room temperature for 6-18 hr,
_ poured into water, and worked up in the same way as the n -

ppr _ / ~ \  butyllithium reactions except that ether extracts were washed
\ /  several times with water to remove DMSO.
*— '  General Procedure for the Preparation of 2-Hydroxy-3,5-17 dichlorobenzyl Derivatives of Sulfinic Acids.3—The sulfinic acid

was dissolved in a minimum amount of methanol, and the solu-
In both systems, ionization (metalation) to a —

benzylic carbanion, 13, is the first step. Ap- (14) Microanalyses were determined^ by Dr. C. S. Yeh. Melting points
y  . ’ . • , •. r  1 £ -xt and boiling points are uncorrected. Nmr spectra were taken on a Varian

parently, in. ether an equilibrium IS set up W ltn  15. INO ^  spectrometer using TM S as an internal standard.
(15) Mallinckrodt anhydrous ether was used after further drying over 

(13) V. N. Drozd and L. A. Nikonova, Zh. Org. K him ., 4, 1060 (1968). sodium.
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tion was neutralized to a phenolphthalein end point with 1 N deep green reaction mixture into ice-water followed by work-up
methanolic NaOH. An equimolar amount of 2-hydroxy-3,5- gave 0.91 g (32%) of recovered mesityl p-tolyl sulfone plus
dichlorobenzyl chloride16 in a minimum of methanol was added 1.53 g (54.3%) of sulfinic acid product as a white solid. The
to the sulfinate solution. After standing overnight the crystalline 2-hydroxy-3,5-dichlorobenzyl derivative was prepared and shown
sulfone was filtered and recrystallized from ethanol or ethyl by ir, melting point, and mixture melting point to be identical 
acetate. with that obtained from the n-butyllithium-induced rearrange-

Rearrangement of Mesityl 1-Naphthyl Sulfone with n-Butyl- ment of mesityl p-tolyl sulfone. 
lithium in Ether.—The sulfone (1.55 g, 0.005 mol), on treatment Treatment of 6 with Potassium i-Butoxide in DMSO.—The 
with a 10% excess of n-butyllithium in hexane, rearranged to a cyclized product 6  (1.41 g, 0.005 mol), prepared by the method of
sulfinic acid in 44% yield (0.68 g, yellow semisolid). The 2- Drozd, 6 was rearranged by the same procedure as that used for
hydroxy-3,5-dichlorobenzyl derivative was prepared: mp 203- the rearrangement of mesityl p-tolyl sulfone. Treatment with
207° [lit. 3 mp 207-209° for 2-(l'-naphthylmethyl)-4,6 -dimethyl- 0.75 g (0.007 mol) of potassium f-butoxide in 75 ml of DMSO for
benzenesulfinic acid, 175.5-177° for 2'-naphthylmethyl com- 7.5 hr gave 0.90 g (63.8%) of crude acidic product as an off-white
pound], mmp [with derivative from 2-(l'-naphthylmethyl)-4,6 - solid. The 2-hydroxv-3,5-dichlorobenzyl derivative had mp
dimethylbenzenesulfinic acid] 204-207°. The ir spectra of the 140-141.5° (EtOH). Mixture melting point with the derivative
1 ' and the 2 ' derivatives were virtually identical except for the from authentic 2-(4'-methylbenzyl)-4,6-dimethylbenzenesulfinio
region 12-13 p ,  in which the l'-naphthyl compound showed peaks acid showed no depression.
at 12.47, 12.57, and 12.72 p ,  while the 2'-naphthyl compound Rearrangement of Mesityl m-Tolyl Sulfone with n-Butyl- 
showed peaks at 12.20 and 12.90 ¡x. The derivative prepared lithium.7—When the meta sulfone (2.08 g, 0.0076 mol) in 40 ml
above had an ir identical with that of the l'-naphthyl, but differ- of ether was treated with 5 . 9  ml (0.0076 mol) of n-butyllithium
ent from that of the 2 '-naphthyl compound. in pentane diluted with 7 . 7  ml of ether, the initially deep red

?re-Toluenesulfony 1 Chloride. The method of Zincke and solution changed to a bright orange within ca. 2 min and slowly
Frohneberg was used.17 m-Thiocresol (Aldrich, 59 g, 0.476 mol) faded. After 4 hr at room temperature the turbid reaction mix-
was dissolved in 285 ml of glacial acetic acid, and chlorine was ture was almost colorless. On pouring into water and working up,
bubbled into the stirred solution for 4.5 hr. The solution initially the reaction gave 1.72 g (83.7%) of the unstable sulfinic acid 7:
darkened and then changed to a light yellow during the ir (neat) 3.1-3.7, 3.9 (broad), 9.2 (broad), and 9.5 M; nmr (CD-
course of the reaction. After the reaction was complete, the CI3, impure compound with very poor integration) 8 2.17 and
solvent was evaporated at 50° under reduced pressure, and the 2.20 (two unresolved singlets), 2.63 (s), 4.26 (s), 6.6-7.2 (m), and
residue was diluted with ether and washed with water. The ether 7.87 (broad singlet).
solution was then washed with a NailGOa solution until the wash The 2-hydroxy-3,5-dichlorobenzyl derivative was prepared in
was basic and then again with water and saturated NaCl. The 72.6% yield: mp 198.5-200.5° (EtOH); ir (Nujol mull) 2.97,
resulting ether solution was dried over MgSO< and decolorized, 7.60, 7.75, 8.50, and 8.70 p; nmr (CDC13) 8 2.25 (s, 6 FI), 2.56
and the ether was evaporated. The residue was vacuum distilled (s, 3 H), 3.6 (very broad peak, ca. 1 H), 4.27 (s, 2 H), 4.45 (s,
giving 83.78 g (92.5%,) of a slightly yellow liquid: bp 88-90° 2 H), 6.8-7.2 (m, 7 H), and 7.44 (d, J  = 2 cps, 1 H).
(0.4 mm); ir (neat) 7.23 and 8.50 M. Anal. Calcd for C23H22C12S03: C, 61.45; H, 4.94; Cl, 15.38;

o-Toluenesulfonyl Chloride—The same procedure was used as S, 7.12; mol wt, 449. Found: C, 61.25; H, 4.92; Cl, 15.66;
that for the preparation of m-toluenesulfonyl chloride. When S, 7.35; mol wt, 447.
116.55 g (0.94 mol) of o-thiocresol (Consol) in 500 ml of glacial Desulfination of the Sulfinic Acid, 7.—The lithium salt (3.68 g, 
acetic acid was used, and chlorine was passed into the solution 0.0131 mol) of the sulfinic acid was dissolved in 40 ml of boiling 
for 4.5 hr, a 70% yield (124.7 g) of the sulfonyl chloride was water, and 3.6 g (0.0132 mol) of HgCl2 in 12 ml of hot water was
obtained, bp 88-92 (1.5 mm); ir (neat) 7.25 and 8.42 ¡x. added. The cloudy mixture was stirred and boiled for 20 min

Mesityl m-Tolyl Sulfone.—In a 1-1. three-neck flask were mixed after which it was cooled, and the water was decanted off. The
140.94 g (0.74 mol) of m-toluenesulfonyl chloride, 96 g (0.80 residue was washed with water and then stirred with 20 ml of
mol) of mesitylene, and 400 ml of carbon disulfide. To this well- ethanol and 20 ml of concentrated HC1 with boiling for 1.5 hr.
stirred solution waŝ  slowly added 107 g (0.80 mol) of A1C13. After cooling, acetone was added to the reaction mixture to
The reaction was stirred at reflux for 20 hr. The solvent was precipitate inorganic products which were filtered off. The
xjrn1 evaPorâ eĉ  residue poured into 400 ml of ice-cold 3 N filtrate was evaporated on a hot plate giving a dark oil and tar
HC1, and the flask rinsed with HC1 and ether. The aqueous which was distilled giving ca. 1 ml of clear liquid, bp 113-118°
acidic mixture was boiled for 1.5 hr to remove excess mesitylene (0.5 mm), n27n 1.5614 [lit. 3 bp 114-120° (0.17 mm), n27D 1.5689].
and ether, cooled, and filtered, and the precipitate was washed The ir matched perfectly an authentic sample of 3 ,3 ',5 -trimethy 1-
wflh water. On recrystallization from 95% ethanol, 151.40 g diphenylmethane, but was different from the ir of Ŝ Ŝ-tri-
(75%) of mesityl m-tolyl sulfone was obtained. After two more methyldiphenylmethane. 3 The nmr was identical with the
recrystaflizations from ethanol an analytical sample was obtained: published spectrum: 3 nmr (CDC13) 5 2.27 and 2.31 (two un-
mp 101-103°; ir (Nujol mull) 7.60 and 8 .6 8  n; nmr (CDC13) 8 resolved singlets, 6  H), 3.87 (s, 2 H), 6.84 (s, 3 H), and 7.0-7.2
2.26 (s, 3 H), 2.35 (s, 3 H), 2.58 (s, 6 H), 6.93 (s, 2 H), and 7.2- (m, 4 IF).
7.7 (m 4 H) Rearrangement of Mesityl m-Tolyl Sulfone with Potassium

Anal. Calcd for Ci6Hi8S02: C, 70.04; H, 6.61; S, 11.69; f-Butoxide in DMSO.—Mesityl m-tolyl sulfone (2.82 g, 0.01
mol wt, 274.4. Found: C, 70.23; H, 6.62; S, 11.70; mol wt, mol) in 60 ml of DMSO was treated with 1.5 g (0.014 mol) o:

potassium f-butoxide in 75 ml of DMSO for 6  hr. Work-up gave 
Mesityl o-Tolyl Sulfone.—The same procedure was used as 0.34 g (12.1%) of recovered mesityl m-tolyl sulfone plus 2.31 g

th?i iZ  preparation of mesityl m-tolyl sulfone. When 124.7 (82%) of acidic product as a clear tar.' The 2-hydroxy-3,5-
g ( .654 mol) of o-toluenesulfonyl chloride and 80 g (0.667 mol) dichlorobenzyl derivative was prepared in 62% yield: mp 200-
o mesitylene in 350 ml of CS2 were treated with 93.2 g (0.70 mol) 202.5°; mmp (with derivative from n-butyllithium-induced re-
0*A1U3> (73.6 7o) of mesityl o-tolyl sulfone was obtained arrangement of mesityl m-tolyl sulfone) 201-203°; ir identical
alter one jecrystallization from ethanol. Decolorization with with n-butyllithium product.
Darco followed by several more recrystallizations gave an ana- l,5,7-Trimethyl-4a,9a-’dihydrothioxanthene 10,10-Dioxide
y ica sample: mp 133-135°; ir (Nujol mull) 7.65 and 8.65 p; (8 ).7—Mesityl m-tolyl sulfone (2.7 g, 0.01 mol) was dissolved in

0 T7  < a u3/ a no J f-3° unresolved singlets, 6  H), 60 ml of ether, and 7.7 ml (0.01 mol) of mbutyllithium in pentane
. 7 (s, 6  H) 6.92 (s, 2 H) and 7.0 8.1 (m, 4 H). was added as rapidly as possible. After 1 min the deep-red re-
\ nal' Pf cd 7d,04; S’ n '69; action mixture was carefully poured onto crushed C02, and the

280 5 ^’ 2 7 4  4' F°Und: C’ 70'25; H, 6.52; S, 11.53; mol wt, pasty mixture was allowed to warm to room temperature..
A , , , ,  .. . . H2S04 (10%) was then added and the two clear layers were sepa-
Rearrangement of Mesityl p-Tolyl Sulfone with Potassium rated. The organic layer was extracted with 10% KOH and the

f-Butoxidem DMSO .-Mesityl p-tolyl sulfone (2.82, g 0.01 mol) resulting basic solution was allowed to stand 16 hr while the
n 60 ml of DM&O was treated with 1.5 g (0.0i4 mol) of potas- product precipitated. The product was then filtered off and

smm ¿-butoxide in 75 ml of DMSO for 6.5 hr. Pouring of the washed with water giving 0.75 g (27.8%) of 8 as a white solid:
________  mp 176-180° (MeOH) (lit.7 mp 179.5-180.5°); ir (Nujol mull)

6.03, 6 .2 2 , 6.35, 7.73, 8 .6 8 , and 8.80 fx> nmr (CDCU) 8 1.83 (s
(16) C. A. Buehler, et al„ J. Org. Chem., 6, 902 (1941). with fine splitting, 3 H), 2.25 (s, 3 H), 2.65 (s, 3 H), 2.9-4.2
(17) T. Zincke and W. Frohneberg, Ber., 43, 840 (1910). (very broad multiplet, 4 H), 5.7-6.2 (m, 3 IF), and 6.92 (s, 2 H).
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1,5,7-Trimethylthioxanthene 10,10-Dioxide (9) from 8 .7— 8  1,5,7-Trimethylthioxanthene 1 0 ,1 0 -Dioxide (9 ) from 10.— 10

(1.37 g, 0.005 mol) was dissolved in 20 ml of CHCls, and 0.76 g (41.33 g, 0.151 mol) was dissolved in 30% NaOH and neutralized 
(0.00475 mol) of bromine in 20 ml of CHC13 was added. The with concentrated HC1 until just basic to phenolphthalein (ca.
reaction mixture was stirred for 30 min after which the solvent 150-ml total volume). Cl2 was then bubbled into the stirred
was evaporated. The residue was heated at reflux with 20 ml of solution for 4 hr. after which the turbid reaction mixture was
triethylamine for 6.25 hr. After evaporation of the solvent, the extracted with benzene and ether, and the organic extract was
residue was stirred with benzene, filtered, and washed with dried, decolorized, and evaporated giving 38.04 g of a yellow
benzene. The filtrate was dried (MgS04) and evaporated giving tar. This tar was dissolved in 200 ml of CH2C12, and 20.10 g
1 . 2  g (88.3%) of a yellow solid which, after recrystallization from (0.151 mol) of A1C13 suspended in 250 ml of CH2C12 was slowly
methanol, cyclohexane, and methanol again, gave a white solid: added. The reaction mixture was stirred for 16 hr at room tem-
mp 167.5-169.5° (lit.7 mp 167-167.5°); nmr (CDC13) 5 2.27 (s, perature. It was then poured into an ice-concentrated HC1
3 H), 2.35 (s, 3 H), 2.74 (s, 3 H), 4.07 (s, 2 H), 6.9-7.4 (m, 4 H), mixture, and the organic layer was separated and washed with 6

and 7.90 (t, J  = 4.5 cps, 1 H). N HC1, water, and saturated NaCl, dried over MgS04, and
Reaction of 8  with Potassium ¿-Butoxide in DMSO.—The evaporated giving 21.33 g of a thick red tar. The red tar was

same procedure was used as for the rearrangement of the mesityl stirred with ethanol at room temperature, filtered, and washed
tolyl sulfones. A 5.5-hr reaction time gave 9% of recovered start- with ethanol giving 1.14 g (2.76%) of a brown solid. Concentra-
ing material plus 75% of sulfinic acid product as an oil. The 2 - tion of the filtrate followed by cooling in an ice bath led to several
hydroxy-3,5-dichlorobenzyl derivative had mp 197-201.5°; more crops of off-white crystals giving a total of 4.93 g (12%) of
mmp [with derivative from authentic 2-(3'-methylbenzyl)-4,6- the product which was identical with the product from bromina-
dimethylbenzenesulfinic acid] 198-202°; ir of derivatives iden- tion-dehydrohalogenation of 8 .
tical. Preparation of 2,4,9a-Trimethyl-4a,9a-dihydrothioxanthene

Reaction of 8 with n-Butyllithium in Ether.—The same proce- 10,10-Dioxide (12). A. Protonation Work-Up.—Mesityl o-tolyl 
dure was used as for the rearrangment of the mesityl tolyl sulfone (6 .8  g, 0.025 mol) in 250 of ether was cooled in an ice
sulfones. When 0.005 mol of 8  was treated with 0.005 mol of bath. To this well-stirred solution was rapidly added 19.1 ml
n-butyllithium in 40 ml of ether, a quantitative yield of crude (0.025 mol) of re-butyllithium in pentane, and the cold solution 
acid was obtained. The 2-hydroxy-3,5-dichlorobenzyl derivative was stirred for 2.5 min. It was then rapidly poured into 200 ml
had mp 198-201°, mmp 198-201°. of water and the layers were separated. The aqueous layer on

Preparation of 1 0  from 8  with Sodium Ethoxide in Ethanol.— work-up gave 2.43 g (35.8%) of sulfinic acid product, 1 0 . The
Soldium ethoxide was prepared by dissolving 2 g (0.087 g-atom) organic layer was washed with saturated NaCl, dried over Mg-
of Na in 40 ml of EtOH. This solution was slowly added to a S04, and evaporated, giving 3.36 g (49.4%) of white solid which
suspension of 1.58 g (0.0029 mol) of the sulfone 8 in 2 0  ml of consisted of starting sulfone and product. Recrystallization from
EtOH in a nitrogen atmosphere. The reaction mixture became methanol gave very little separation. An nmr of the product
homogeneous on heating to reflux, and stirring was continued mixture showed an approximate composition of 40% 1 2  to 60%
at reflux for 20 hr. The reaction mixture was then poured into starting sulfone, thus giving an actual yield of 1 2  of c a .  20%.
100 ml of water and worked up in the same way as in the n -  B. Carboxylation-Decarboxylation Work-Up.—A nonhomog- 
butyllithium-indueed rearrangements giving 0.76 g (48%) of an enous mixture of 54 g (0.2 mol) of mesityl o-tolyl sulfone
acidic product. The nmr of the sulfinic acid was different from and 1900 ml of ether was rapidly stirred in an ice bath. To this
that obtained by butyllithium-induced rearrangement of mesityl was added as rapidly as possible 155 ml (1 equiv) of ra-butyl-
p-tolyl or m-tolyl sulfone: nmr (CDC13) 5 2.19 (s with very fine lithium in pentane. As soon as addition was complete, the deep
splitting, 6  H), 2.63 (s, 3 H), 4.34 (s, 2 H), 6 .8-7.3 (m, 6  H), red reaction mixture was carefully poured onto 1 lb. of crushed
and 8.87 (s, 1 H). C02. The slurry was stirred and allowed to warm to room

The 2-hydroxy-3,5-dichlorobenzyl derivative was prepared in temperature, after which 900 ml of 10% H2S04 was added with
37% yield and had mp 168-172°, which was also greatly different stirring, and the layers were separated. The organic layer was
from the two isomeric sulfinic acid derivatives. It was therefore then washed with water and extracted with a total of 1 1. of 10%
assumed, in analogy to the reaction of 6 with sodium ethoxide, KOH. Upon drying and evaporating the organic solution, 10.42
that the sulfinic acid had the structure of 2-(2'-methylbenzyl)-4,6- g (19.3%) of starting sulfone was recovered. The basic extract
dimethylbenzenesulfinic acid: derivative ir (Nujol. mull) 2.89, was left standing 6 days during which time the product precipi-
7.6, 7.75, and 8.7m; nmr (CDC13) 6 2.24 (s, 6  H), 2.60 (s, tated giving, on filtration and washing with water, 2.18 g (4.04%)
3 H), 4.17 (s, 2 H), 4.32 (s, 2 H), 5.86 (broad s, 1 H), and 6.7- of a white crystalline solid: mp 157-158° (EtOH); ir (Nujol
7.3 (m, 8  H). mull) 5.92, 7.72, and 8.95 nmr (CDC13) S 1.23 (s, 3 H),

Rearrangement of Mesityl o-Tolyl Sulfone with n-Butyllithium. 1.55 (s, 3 H), 2.10 (s, 3 H), 2.90 and 3.27 (two incompletely
—When 2.7 g (0.01 mol) of mesityl o-tolyl sulfone in 90 ml of resolved, distorted doublets, J  = 14.5 cps, 2 H), 3.62 (s, 1 H),
ether was treated with 7.7 ml of butyllithium in pentane (0.01 4.84 (broad singlet, 1 11), 5.82 (broad singlet, 1 H), 7.1-7.6  (m,
mol) diluted with 10 ml of ether, the initially deep-red reaction 3 H), and 7.7-8.0 (m, 1 H).
mixture slowly lightened to an orange. After 5.5 hr at room A n a l .  Calcd for Ci6Hi8S02: C, 70.04; H, 6.61; S, 11.69; 
temperature followed by pouring into water and working up, mol wt, 274.4. Found: C, 70.19; H, 6.90; S, 11.83; mol wt,
1.92 g (71%) of acidic product, 10, was obtained as a white solid, 271.6.
which darkened only slightly on standing 6  weeks: mp 86-87° The basic filtrate was acidified with concentrated HC1 and
dec. The nmr and ir were identical with the spectra of the product extracted with ether, the ether extracted with 0.5 N NaOH, and
produced from the ethoxide induced rearrangement of 8 . the resulting aqueous solution acidified and extracted with ether.

The 2-hydroxy-3,5-dichlorobenzyl derivative was prepared in The ether solution was dried, decolorized, and evaporated giving
6 6 % yield: mp 169.5-171.5°; ir and nmr spectra identical with 41.33 g (76.6%) of impure sulfinic acid 10. 
those from the derivative prepared from the ethoxide product.
Mixture melting point showed no depression. Registry No.'—m-Toluenesulfonyl chloride, 1899-

A n a l .  Calcd for C23H22C12S03: C, 61.45; H, 4.94; Cl, 15.38; 93-0: o-toluenesulfonyl chloride, 133-59-5; mesityl in
s’ 7  08- “d J t ’4 5 7 .' F°Un<1: 61'38; H’ 4'91; C1, 15’65; tolyl sulfone, 21128-93-8; mesityl o-tolyl sulfone, 21991-

Rearrangement of Mesityl o-Tolyl Sulfone with Potassium 14-0, 7, 21991-15-1; 7 (2-hydroxy-3,5-dichlorobenzyl
f-Butoxide in DMSO.—When 2.5 g (0.0089 mol) of mesityl derivative), 24299-63-6; 8 , 24343-77-9; 9, 21128-30-3;
o-tolyl sulfone in 60 ml of DMSO was treated with 1.5 g (0.014 10, 21128-31-4; 12, 21995-82-4.
mol) of ¿-BuOK in 75 ml of DMSO for 6 hr followed by work-up,
2.39 g (96%) of sulfinic acid product was obtained as a white Acknowledgment.'—This investigation was supported
solid; ■ T,neCz2'h^ rOXy'3'i5;ni'? i T benzyl de”™tive r s fpre' by Public Health Service Grant No. CA-04536-11 from pared in 50% yield: mp 170-172 , mmp [with derivative from • . .  ,, . „ T , ± -T • ,
authentic 2 -(2 '-methylbenzyl)-4 ,6 -dimethylbenzenesulfinic acid] the National Cancer institute and by the National
169-172°. Science Foundation Grant No. GP-05175.
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Reported here are the isolations of a number of diastereomeric /3-hydroxy sulfones obtained by the condensations 
of a-sulfonyl carbanions with aldehydes. Configurations were assigned from nmr spectra of the resulting threo 
and erythro isomers. Sodium borohydride reductions of /3-keto sulfones were found to produce the threo isomers in 
excellent yields. Conversion of threo 1 to the /3-ehloro sulfone by treatment with thionyl chloride proceeds with 
complete epimerization. Under identical conditions the erythro isomer 2 proceeds with complete retention of 
configuration. Preparation of the exocyclic cis olefin 15 was accomplished by dehydration and dehydrohalogena- 
tion of 2 and 10, respectively. The less stable trans olefin 16 was prepared via the intramolecular cyclization of an 
acetylenic mercaptan.

While the preparations of a  metalated sulfones and T a b l e  I

their reactions with carbonyl moieties to form /3-hy- N u c l e a r  M a g n e t ic  R e so n a n c e  D a t a “
droxy sulfones have been extensively investigated,1 Con- chemical
little of this work has been done with sulfones which can figura- shift, j %b.

give rise to diastereomers. In cases where such sulfones N°’ ComP°und tIon s- H* Hz Mp' °c
have been used,la'b d determination of isomer ratios in ___ <j)H
the products, isolation of pure erythro and threo2 i f sf —c—Ha 5 03 90  159-159 5
isomers, and assignment of configuration to these 0 '  No
isomers have either been ignored or circumvented by
oxidation of the mixtures to the /3-keto sulfones. It 1— 1 |
was therefore the purpose of this investigation to 2 c—Ha erythro 5.46 2.2 97-98
isolate pure diastereomeric /3-hydroxy sulfones and N° oh
assign configurations by spectral and chemical methods. 0H H

In 1954 the preparation of phenyl(l,l-dioxy-2- i f
thiolanyl)carbinol from 2-thiolanylmagnesium bromide Ph—c c—ch3 t reo . 9.., lo-j ¡31
1 ,1-dioxide and benzaldehyde was reported (no stereo- ft so,ch3
chemistry specified) .111 As can be readily seen, two S0CH Hb

Ph 4 Ph—C-------- C—CH3 threo 4.08 9 0 153-154
P  I__ , ,  „  1. PhCHO I I I ___  Ha OHkg^ -M gB r —  > k /V - C - O H  (1)
/  \  I S02CH;l OH

0  0  0  0  H 5 Fh— C--------- c—CH3 erythro 3.97 2.5 114.5-115

adjacent centers of asymmetry (*) are present which H‘ Hb
could result in erythro and threo diastereomers. Upon oh Hb

reinvestigation of this reaction we found that the product 6 Ph—c__c—ch3 threo 4 90 9 0 104-105
was indeed a 50:50 mixture of threo (1) and erythro (2) I I 3
phenyl(l,l-dioxy-2-thiolanyl)carbinol.3 Ha Ts

Configurational assignments were made on the basis oh t s

of the magnitude of the coupling constants between the 7 _ j, „„ , _ 4_
vicinal methinyl protons on the asymmetric centers | | 1 eryt r° ’
(Table I). The vicinal coupling constant can be pre- Ha Hb
dieted from its relationship to the dihedral angle formed c (ch3)3

by H -C -C -H .4 Similar assignment of stereochemistry f  J —c—n
by nuclear magnetic resonance spectroscopy has been o/S s o I * erythro 3.91 1.0 103.5-105
reported for diastereomeric amino alcohols.5-7 0H

The large difference in the magnitude of the vicinal ci
coupling constants of the methinyl protons in 1 and 2 9 f  _H
(see Table I) suggests preferred residence in different 0/ s\n I * ihre° 5 06 10 5 193-194

u u Ph
(1) (a) L. Field and J .  W. McFarland, J .  Amer. Chem. Soc., 76, 5582 pa

(1953); (b) W. E . Truce and K. R . Buser, ibid., 76, 3577 (1954); (c) H. D. ,------ . I
Becker and G. A. Russell, J .  Org. Chem., 28, 1896 (1963); (d) D. F . Tavares ln  L j — C— H, ervthrn  5 2 2  9  0  1 5 9 -1 6 0
and P. F. Vogt, Can. J .  Chem., 46, 1519 (1967); (e) E . M. Kaiser and C. R . I V
Hauser, Tetrahedron Lett., 3341 (1967). U 0  Cl

lively The terms ervthr°  and thre° refer 40 dl'ervthro and M-three, respec- “ Determined on a Yarian Model A-60 (60 MHz) spectrometer in
,n\ j „ , . CDCls solution. b A pure sample, free of 6 , could not be obtained.(3) Isomer ratios were determined by nmr spectroscopy.
(4) M. Karplus, J .  Chem. Phys., SO, 11 (1959).
®  J-P-Hyne, Can. J  CTem , so 2536 (1961). conformations. This requirement is best satisfied by
(6) J .  C. Randall, R . L. Vaulx, M. E . Hobbe, and C. R . Hauser, J .  Org. , i  c ,  • m .  i  r  t t  • n  , • ,

Chem., so, 2035 (1965). the coniormers shown in Chart I. Using theoretical
(7) m. e . Munk, m. k . Meiiahn, and p. Franklin, ibu., 3s, 3480 (1968). calculations4 one predicts dihedral angles of 171 and 56°
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C h a r t  I bond. The structures of 4 and 5 were established by
P r e f e r r e d  C o n f o r m a t io n s  o f  threo- a n d  oxidation of the alcohols to 1-phenyl-l-methylsulfonyl-

en/<7i»-o-PHENYL(l,l-DioxY-2-THioLANYL)cARBiNOL acetone with the chromium trioxide-pyridine complex.9
H en/£/wo-l-Methylsulfonyl-l-phenyl-2-propanol (5) was

' ' q prepared in a similar fashion from the trans epoxide
° \ g f* CH CH (eq3). None of the erythro benzylic alcohol was isolated

2 0"  ̂ NV ' v /  2 from this reaction.10 The observed vicinal coupling
C A J j  <t> { J v )  constants of 3 and 4 were 9.5 and 9.0 Hz corresponding

H x 0/ l ^ / vPh H ;C T  ''Ph closely with that of 1 . A value of 2.5 Hz was observed
a ^ H  for 5 which sup ports the configurational assignment of 2.

b b In the course of our investigation it came to our
threo eryt r0  attention that the synthesis and nmr spectrum of 1-phe-

Jab = 9.0Hz Jab = 2.2 Hz nyl-2- (p-tolylsulf onyl)- 1-propanol had been recorded
Scaled = 171° 0caicd = 56° previously.Id These authors obtained a compound

melting from 99 to 100°. A doublet at S 1.5 with a 
from the coupling constants 9.0 and 2.2 Hz, respec- coupling constant of 7.5 Hz was attributed to the ben-
tively. On this basis we have assigned the threo ZX 1C methinyl proton. We wish to report that this as-
configuration to the isomer with ./ab =  9.0 Hz. This S1̂ m e n t» m error. Treatment of ethyl p-tolyl sulfone
isomer resides primarily in the anti conformation with n-butylhthium in tetrahydrofuran followed by
(Chart I). The erythro isomer resides chiefly in the addition of benzaldehyde produced a 93% yield of a
gauche conformation and therefore has the coupling mixture composed of 62% eryf/iro-l-phenyl-2-(p-tolyl-
constant of 2.2 Hz. These values are in good agree- sulfonyl)-l-propanol (7) and 38%  threo isomer (6).
ment with those previously reported in similar con- ^ 1C met lin^] resonance m question appears at S 4.90
formational studies.6“ 7 ( J -}> =  90  Hz) f,or « aibd 5 { J >̂ =  V5 Hz). for 7

In order to confirm these stereochemical assignments which corresponds closely with compounds previously
and test the generality of this method of assignment of discussed here. Apparently the authors were dealing
stereochemistry in other /3-hydroxy sulfones, it was wddl a mix ûre containing 75%  6 and 25% 7. The
deemed necessary to synthesize compounds of un- resonance which was attributed to the methinyl proton
ambiguous configuration. This was accomplished 1S 111 reidd-y due to the alkyl methyl grouping of 7.
using cis- and trons-propenylbenzene. These olefins , e doublet at S 1.17 corresponds to the methyl group

ing of 6.
ph CH O Further evidence for the above stereochemical

N-c _ c /  3 ph— c —C— CH 1CHjS > assignments was obtained through the sodium boro-
CHCIji /  \  2 .h2o2, hydride reduction of «-(p-tolylsulfonyl)propiophenone
15-300 H. H- H0Ac (11) and 2-thiolanyl phenyl ketone (12). Applying

Ojj p S02CH3 H the rule of steric control of asymmetric induction11 one
j |  j would predict attack from the least hindered side of the

Ph— C— C— CH3 4- Ph— C--------- C— CH3 (2) conformer shown in Chart II and production of the

H S02CH3 H OH
threo threo C h a r t  II

3 4 H2C----- CH2 H2C----- CH2
o n /  o - A - ------bh3 n /  obh\

Ph /H  MCPBA" /  \  1. CH„S \ ( /  |! ! \<J Y u
;c = c ;  -------- ► Ph— C—C— H —  -»

„ /  \ n  CHC!„ /  V 2.HA, Y l Y  X 0 X
H CH* 15-300 jf >Ch3 hoac M h-b----------H —  U J

S02CH3 OH j/ I  Ph I H
| Ph H

Ph— C---------C—CH3 (3)

H H threo alcohol. The other conformations of this mole-
erythro cule were ruled out on the basis of severe steric and

5 electrostatic repulsions. Reduction; of 12 with sodium
borohydride in aqueous methanol produced a nearly 

were converted to the corresponding cis- and trans- quantitative yield of /3-hydroxy sulfone. The product
propenylbenzene oxides in near quantitative yields by contained 95%  threo isomer 1 and 5%  erythro iso
treatment with m-chloroperoxybenzoic acid.  ̂ Treat- mer 2. Similarly, reduction of i t  resulted in a 97%
ment of the cis epoxide with sodium methanethiolate in I
ethanol, followed by oxidation of the /3-hydroxy sulfides (9) G. I. Poos, G. E. Arth, R. E. Beyler, and L. H. Sarett, J. Amer. Chem. 
with peracetic acid, produced a mixture of threo-2- Soc., 75, 422(1953).
methylsulfonyl-l-phenyl-l-propanol (3) and threo-1-
methylsulfonyl-l-phenyl-2-propanol (4) (eq 2). Struc- cis epoxide. The resulting noncoplanarity of the phenyl group would hinder
tural assignment of 3 was based on the mass spectrum attack at the benzylic carbon atom sterically as well as through decreased
. i - i . T  £ , / -1/V7 a. • a resonance stabilization of the incipient positive charge in the transition
111 which the major ion fragment was 771/6 lu / wnicn state. Similar results were observed by H. Audier, et al., Bull. Soc. Ckim.
corresponds to cleavage of the molecule at the C]-C2 ft„ 28u (1966).

(11) For leading references, see H. O. House, “Modern Synthetic Reac- 
(8) m-Chloroperoxybenzoicacid. tions,” W. A. Benjamin, Inc., New York, N. Y„ 1965, pp 28-33.
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yield of 6 and 3%  7. The high degree of stereo- C h a r t  III
specificity indicates the importance of large steric Cl^ ^ , 0

factors present in these molecules. _ 8
The metalation of sulfones has been achieved with a ' / 'll ' l l

wide variety of bases.1 We have found w-butyllithium  ̂/ q \--------l \
in TH F to be an excellent base-solvent system for s /  oV /V  \  \ J  o V /y _ _ .
metalation and subsequent condensation with carbonyl S—0 // \
moieties. Reaction times are short and yields are ^  \  /
high. The condensation works well with aldehydes, ’o 0
ketones, and carboxylic acid esters and is not threo erythro
limited by side reactions such as are found with liquid
ammonia.ld The ratios of diastereomers produced in of the aromatic nucleus to attain coplanarity with
eq 1 appear to be somewhat influenced by the cation the incipient carbonium ion therebv interfering with
associated with the carbamon although the effect is resonance stabilization. Such participation by neigh-
smaH, the greatest difference being observed with the boring groups hag been studied for the decomposition of
w-butylhthium-tetramethylethylenediamme complex12 ^-phenyl chlorosulfkes.13
(65 i  2 ^ 2  £Uid 35 i  2^) 1).

When the sulfone is capable of forming an a ,a '  ____ Cl Cl
dicarbanion (i.e., sulfolane), care must be exercised to S0C1 | | j, H [~ ~| I
add the n-butyllithium slowly in a dropwise fashion or 1 - j  + 1
appreciable quantities of diaddition products may result. 3’ ( / ^ 0  Ph ( /  \ )  H

n  9l. 2n-BuLî  Further support for these configurational assignments
/  \ 2- 2PhiC0 was obtained from the results of base-catalyzed de-

hydrohalogenation of 9 and 10. On the basis of earlier
OH HO ____ OH observations of bimolecular eliminations of diastereo-

( !__Jyp it \ ] _ L „ ,  meric halides,14 the preferred trans elimination of 10
y S - U W t h  + (OeH5I20 - ^ s />-C(C6H5)2 (4) ghould lead tQ formation Qf the cis olefin (15) as tbe

q q q/  'q predominant product. By similar considerations, 9
14 13 should be transformed primarily into the trails olefin

(16). These systems are, however, directly analogous 
Treatment of sulfolane with 2 equiv of n-butyllithium in to the diastereomeric 2-p-tolylsulfonyl-l,2-diphenyl-
TH F followed by 2 equiv of benzophenone afforded an 1-chloroethanes studied by Cristol15 in which dehydro-
80%  yield of diadduct 13 and 18% monoadduct 14. halogenation resulted in stereoconvergent eliminations
Hauser115 has reported that treatment of sulfolane with and production of the cis olefin from both the erythro
2 mol of lithium amide followed by benzophenone and threo isomers. Similar steric interactions between
produced only monoadduct, while use of sodium amide the sulfonyl and aryl groupings in the transition state
resulted in a 41% yield of 13 and a 48%  yield of 14. should lead to formation of 15 from 9 via cis elimination.
Apparently n-butyllithium in TH F is a superior system The rate of elimination should be considerably slower
for such 1,3 dicarbanions. for 9 than for 10 in which a trans elimination occurs.

While attempting to assign stereochemical configura- Treatment of 10 with triethylamine in chloroform at 25°
tions to 1 and 2 we converted them to the threo (9) and gave essentially quantitative conversion to 15 in 48 hr.
erythro (10) chlorides with thionyl chloride (eq 5). Under the same conditions 9 showed no detectable
Treatment of 1 with thionyl chloride in deuteriochloro- elimination even after 2 weeks. Attempted dehydro
form resulted in the quantitative conversion to a 1:1 halogenation of 9 with triethylamine in refluxing benzene
mixture of 9 and 10 in 12 hr. Treatment of 2 under the for 24 hr again resulted in quantitative recovery of
same conditions provided a quantitative yield of 10 in starting material. Treatment of 9 and 10 with potas-
72 hr. Use of various solvents (dioxane, thionyl sium i-butoxide in benzene gave dehydrohalogenation;
chloride, and pyridine), as well as lower temperatures, however, the olefinic products were isomerized to the
had no ’ effect on the products formed. The threo endocyclic olefin (17). Attempted isomerization of 16
isomer always proceeded with epimerization while the to 15 in refluxing ethanolic sodium hydroxide also
erythro isomer always proceeded with retention of produced 17 as the major product.
configuration. These results are perhaps best explained ____ ph ____ H
by participation of the sulfonyl oxygens in back-side I P [ j]
protection of the incipient carbonium ion (Chart III). 'x h ''S x Ph c H2Ph
This would prevent back-side attack and therefore 'q /  V
result in retention of configuration. This conformation 15 16 17
is considered the most stable owing to minimal steric
interaction. In order for back-side assistance to occur The synthesis of 16 was accomplished by the sequence 
in the threo isomer, the molecule must assume a con- shown in Scheme I. 5-Chloro-l-phenyl-l-pentyne was 
formation in which the aromatic nucleus is seated converted to the corresponding thiouronium salt by 
directly upon the sulfolane ring. This produces severe reaction with thiourea. Subsequent treatment with 
steric interaction as well as interfering with the ability (i 3) d . j . cram , /. Amer. chem. Soc., 75, 332 (1953).

(14) J .  F . Bunnett, Angew. Chem., Int. Ed. Engl., 1, 225 (1962).
(12) D. J .  Peterson, J . Org. Chem., 32, 1717 (1967). (15) S. J .  Cristol and P. Pappas, J .  Org. Chem., 28, 2066 (1963).
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Scheme I was added dropwise. After 1 hr benzaldehyde (15.9 g, 0.15
„ mol) in 100 ml of THF was added, and stirring was continued for

3 hr. Work-up as in A produced 26.8 g (79%) of a mixture of
 ̂ ™ SC(NH2)2 i_ii ^_ri/v-iTT i n r r *  TTrn 43% 2 and 57% 1.

PhC=C(CH2)3Cl *• PhC=C(CH2)3S -HC1 iraras-Propenyltenzene Oxide.—¿rans-Propenylbenzene (11.8
NH2 g , 0 . 1  mol) in 1 0 0  ml of CHC13 was cooled to 15°, and a solution

|0H- of 85% m-chloroperoxybenzoic acid (25 g) in 300 ml of CHC13

t was added dropwise maintaining the temperature below 30°.
I----- 1 h After stirring 1 hr at room temperature the excess peracid was

jg (Hi°; I I— decomposed with 10% aqueous Na2S03. The organic layer was
HOAc washed with 10% Na2C03 until basic and then H20 until neutral.

jg After drying over Na2S04, filtration, and removal of solvent, 12.8
g (95.6%) of the epoxide was obtained: nmr (CDC13) 8 1 . 3 3  

(d, 3, CH3), 2.90 (m, 1 , HCCH3), 3.47 (d, 1 , HCCJH), 7.20 
hydroxide resulted in the expected trans sulfide (18) via (s, 5 , c 6H6).
intramolecular trans addition to the acetylenic linkage. cis-Propenylbenzene Oxide.—The cis epoxide was prepared 
Such additions in intermolecular thiolate additions from ctVpropenylbenzene“ and MCPBA in the same manner as
have been extensively studied.- Oxidation of 18 with 3  2 0  j_ HCCH3), 3.95 (d, 1,HCC6H5), 7 . 2 1  (s, 5, CSH5). 
peracetic acid afforded 16 in excellent yields. i/ireo-l-Phenyl-2-(methylsulfonyl)-l-propanol (3) and threo-2-

Other behavioral differences between erythro- and Phenyl-l-(methylsulfonyl)-2-propanol (4).—To a solution of 
threo-hydroxy sulfones were observed upon acid- Na (0.80 g) in 50 ml of ethanol was added 3 ml of methanethiol.
catalvzed dehydration of 1 and 2. 2 was converted to Aft,er 8tamnf - 1® mm7 2/ 6 *  (19‘4 mmtol) ^-fopenylbenzene. •: . _ . i , . n . or~ , i • • i • 1 u oxide was added, and stirring was continued for 2  hr at 3 o .
15m  high yield in refluxing 85% phosphoric acid m 1 hr. After acidification with 10% HC1 and extraction with CH2CI2,
The threo isomer 1 was recovered intact after 1 hr removal of solvent gave the crude /¡-hydroxy sulfide. This was
under the same conditions. When treated for 24 hr at dissolved in 20 ml of HOAc, and 15 ml of 30% H20 2 was added,
reflux, 1 gave extensive decomposition, and the only The solution was heated a,t 83 for 2 hr and poured onto ice.

i , . i , , ,i i. „i j -  „ The solution was extracted with CHC13, neutralized with 10%product isolated was apparently a salt melting above and dried. solvent was removed {n _  to yJeld
300°. The erythro alcohols and chlorides studied here (7 5 %) 0f a white solid, mp 110-130° (31% isomer 3  and 69%
generally had lower melting points and higher degrees isomer 4). This was dissolved in hot benzene, and 1 . 6  g of a
of solubility in organic solvents such as chloroform and HI mixture of 3 and 4 precipitated on cooling. Hexane was
, ,1    added to the mother liquor and 200 mg of 3 was obtained: mp
benzene than the corresponding threo isomers. 130-131; nmr (CDCU) 51.00 (d, 3 , HCCH3), 3 .0 2  (s, 3, S02CH3),

3.18-3.80 (m, 2, OH and HCCHS), 4.87 (d, 1 , HCC6H5), 7.32
PYnerimentiil CPrfinr1! (s, 5> C<sHs); mass spectrum (70 eV) m/e (relative intensity)Experimental section 214 (2 .4 ), 213 (25.8), 196 (1.7), 107 (100). The 1:1 mixture was

Reagents.—n-Butyllithium in hexane was purchased from recrystallized several times from benzene to obtain 4: mp 153-
Foote Mineral Corp. and Alfa Inorganics. Sulfolane was ob- 154°; nmr (CDC13) 8 1.08 (d, 3, HCCH3), 2.81 (s, 3, S02CH3),
tained from Eastman Organic Chemicals. Reagent grade THF 3.50-3.70 (m, 1, OH), 4.08 (d, 1, S02CH), 4.65-5.00 (m, 1,
was distilled from lithium aluminum hydride prior to use. m- HCCH3), 7.38 (s, 5, C6H6).
Chloroperoxybenzoic acid (85%) was purchased from Aldrich en/Mro-l-Phenyl-l-(methylsulfonyl)-2-propanol (5).—Sodium
Chemical Co. (1.2 g) was dissolved in 50 ml of ethanol, and methanethiol

Phenyl(1,l-dioxy-2-thiolanyl)carbinol. A.—n-Butyllithium (3.0 g, 63 mmol) was added. After stirring 10 min, irans-pro-
(0.05 mol) in hexane under a nitrogen atmosphere was cooled penylbenzene oxide (5 g, 37.3 mmol) in 20 ml of ethanol was
below 20°, and 5.8 g (0.05 mol) of TMEDA was added slowly, added, and stirring was continued for 2 hr at room temperature
followed by 6  g (0.05 mol) of sulfolane in 10 ml of THF; stirring (32°). Work-up as with 3 and 4 gave the crude sulfide. This
was continued for 1 hr. The solution was cooled to -30° and was heated at 85° for 2 hr in a solution of 25 ml of HOAc and 20
6.36 g (0.06 mol) benzaldehyde was added and stirring was mlof30%H2O2. Treatment as above and recrystallization from
continued for 1 hr. The mixture was acidified with aqueous 95% ethanol gave 5.0 g (58%) of white crystals: mp 114.5-115°;
NH4CI, and the organic phase was separated and dried over nmr (CC13) 5 1.20 (d, 3, HCCH3), 2.68 (s, 3, S02CH3), 3.07
Na2S04. Filtration and removal of solvent in vacuo gave 10 g of (d, 1, OH), 3.97 (d, 1, HCS02CH3), 4.78-5.20 (m, 1, HCCH3),
a viscous oil that was shown by nmr to contain 65% erythro 7.25-7.80 (m, 4, C6H5).
isomer 2 and 35% threo isomer 1. The oil was dissolved in Anal. Calcd for CioHM03S: C, 56.05; H, 6.59; S, 14.96. 
benzene-hexane and 9.6 g (85%) of a white solid precipitated, Found:  ̂ C, 56.06; H, 6.67; S, 14.74.
mp 80-82°. A second recrystallization raised the melting point l,l-Dioxy-2-thiolanyl Phenyl Ketone (12).—A solution of
to 87-88°. This mixture was submitted for analysis. sulfolane (12 g, 0.1 mol) in 200 ml of THF under nitrogen was

Anal. Calcd for C11H14O3S: C, 58.38; H, 6.24; S, 14.17. cooled to- 6 8 ° and n-butyllithium in hexane (0.1 mol) was added
Found: C, 58.47; H, 6.48; S, 13.96. dropwise with stirring. After 1 hr ethyl benzoate (16 g, 0.107

Subsequent recrystallization from benzene, benzene-hexane, mol) was added rapidly and stirred 15 min. The solution was
and benzene-CCh yielded 2 [mp 97-98°; nmr (CDC13) 8 1.68- acidified with 1C% HC1. The organic phase was extracted with
2.56 (m, 4, -CH2CH2-), 2.90-3.50 (m, 4, CH2S02CH and OH), 10% NaOH. Cooling of the basic layers and acidification with
5 46 id ’l -C(H)(OH)C6Hs), and 7.35 (s, 5, aromatic H)] and 1 HOI gave an oil which crystallized on standing. This was re-
rmn 159-159 5° (lit.Ib 159-159.5°); nmr (CDC13) 8 1.55-2.35 crystallized from 95% ethanol to obtain 9.4 g (42%) of 12: mp
(m 4 -CH2CH2-), 2.95-3.50 (m, 3, CH2S02CH), 3.56 (s, 1, 91-93°; nmr (CDC13) 8 1.80-2.80 (m, 4, CH2CH2), 2.9-3.0
OH), 5 . 0 3  (d, 1 , -C(H)(OH)C6H5), and 7.47 (s, 5, aromatic H)]. (t, 2, CH2S02), 4.87 (t, 1, S02C(H)(CO)), 7.20-7.70 (m, 3,

3 —Synthesis was carried out as previously described by aromatic H), and 7.70—8.20 (m, 2, aromatic H).
Truce and Buserlb with the exception that an equimolar amount Reduction of 12.—A solution of 12 (1 g, 4.45 mmol) in 50 ml of 
of benzaldehyde was used. A yield of 20% of a mixture com- methanol was cooled to 15° and NaBH4 (0.8 g) in 10 ml of H20
posed of 50% 1 and 50% 2 was obtained. was added dropwise keeping the temperature at 10-15°. After

C —Sulfolane (18 g, 0.15 mol) in 200 ml of THF under nitro- 5 hr the reaction was acidified with 15 ml of 10% HC1, and the
sen was cooled to -30°, and n-butyllithium (0.15 mol) in hexane product was extracted with CHC13. Removal of solvent pro-
_________  duced 0.98 g of a mixture of 95% 1 and 5% 2, mp 153-155 .

(16) (a) W. E . Truce and R . F . Heine, J . Amer. Chem. Soc., 79, 5311 rpWQ recryStallizations from benzene-hexane gave 0.93 g (93%)
(1957); (b) W. E . Truce, H. G. Klein, and R . B . Kruse, ibid., 83, 4636 j  m p 1 5 9 -1 5 9 .5 ° .
(1961).

(17 , All melting points are uncorrected. The nmr spectra were o b t a i n e d ----------------------
using a Varian A-60 spectrophotometer. Mass spectral data were obtained „  .
on a CEC 21110-B spectrometer. Microanalyses were performed by Dr. (18) The authors wish to express their appreciation to Dr. W. Chaisson
C S Yeh and staff for the preparation of the cis-propenylbenzene used in this work.
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1- Phenyl-2-(p-tolylsulfonyl)-l-propanol(6and7).—Asolutionof periodically. After 72 hr conversion was complete. Removal
p-tolyl ethyl sulfone (3.7 g, 0.02 mol) in 100 ml of THF under of solvent left 0.106 g (98% yield) of 1 0 , mp 158-159°. One
nitrogen was cooled to —28°, and n-butyllithium (0 .0 2  mol) in recrystallization from benzene-hexane gave white crystals:
hexane was added with stirring. After 5 min benzaldehyde mp 159-160°; nmr (CDCh) 5 1.83-2.85 (m, 4, CH2CH2), 2.90-
(2.0 g, 0.019 mol) was added and stirring was continued 15 min. 3.32 (m, 2, CH2S02), 3.39-3.98 (m, 1 , CHS02), 5.22 (d, 1, 
Work-up as above gave 5.3 g (93%) of a mixture of the erythro C1CH), 7.38 (s, 5, C6H6).
isomer 7 (62%) and the threo isomer 6 (38%). Attempts to Anal. Calcd for CnHi2C102S: 0,53.98; H, 5.35; Cl, 14.49:
separate the isomers were unsuccessful. The nmr for 7 was S, 13.10. Found: C,53.77; H,5.38; 01,14.25; S, 13.15. 
obtained by subtraction of the nmr of 6 from the above mixture: An identical reaction with 1 was complete in 12 hr and showed
nmr (C D C h ) 8 1.18 (d, 3, HCCH3), 2.42 (s, 3, CH3C6H4), 3.10- complete racemization to yield 9 and 10 in equivalent amounts.
3.70 (m, 1, S02C(H)(CH3)), 4.50 (s, 1, OH), 5.47 (d, 1, HCCalis), Dehydrohalogenation of 10.—In an nmr tube were placed 0.1 g 
7.20-7.9 (m, 9, aromatic H). of 1 0 , 0.3 ml of C D C I3, and 0.1 ml of NEt3. After 48 hr at

2- (p-Tolylsulfonyl)propiophenone (11).—Ethyl p-tolyl sulfone room temperature conversion to the cis olefin 15 was complete.
(2.0 g) in 40 ml of THF was cooled to —30° under nitrogen, and The reaction mixture was worked up with H20 and CHCb and
an equivalent amount of n-butyllithium in hexane was added. recrystallized from benzene-hexane to give 0.80 g (90% yield)
After 5 min ethyl benzoate (3.0 g) was added and stirring was of 15: mp 83-83.5°; nmr (CDC13) 5 2.26 (p, 2, CH2), 3.05 (t, 4,
continued 7 min. Acidification with 10% HC1 and subsequent CH2S02 and CH2C=C), 7.22 (t, 1, C=CH), 7.38 (s, 5, C6H5).
work-up gave 1.6 g of 11: mp 98.5-99.5° (lit.,a 99.5-100.5°); Anal. Calcd for CnHJ202S: C, 63.43; H, 5.81; S, 15.40.
nmr (CDCh) 8 1.56 (d, 3, HCCH3), 2.40 (s, 3, CH3C6H4), 5.18 Found: C, 63.43; H, 5.78; S, 15.61.
(q, 1, HCCHj), 7.1-8.1 (m, 9, aromaticH). Similar treatment of 9 resulted in quantitative recovery of

threo-l-Phenyl-2-(p-tolylsulfonyl)- 1-propanol (6 ).'—To a solu- starting material after 2 weeks, 
tion of 11 (1 g, 3.52 mmol) in 50 ml of methanol at 15° was added 5-Chloro-l-phenyl-l-pentyne.—To a slurry of NaNH2 (16.0 g)
NaBH4 (0.8 g) in 10 ml of H20 with 3 drops of 10% NaOH. in 400 ml of liquid NH3 was added dropwise phenylacetylene
The solution was stirred at 10° for 1.5 hr and at room temperature (Farchan Acetylenic Chemicals) (40.8 g, 0.4 mol). After 1  hr
for 3.5 hr. Work-up with 10% HC1 gave 1 g (100%) of white at reflux l-bromo-3-chloropropane (70 g) was added and stirring
crystals which was a mixture of 97% 6 and 3% 7. Recrystalliza- was continued for 1 hr. Replacement of NH3 with ether, acid-
tion from CC14 followed by benzene-hexane produced 0.9 g of 6 : ifieation with dilute HC1, and distillation gave 33.1 g (47%
mp 104-105°; nmr (CDC13) 8 0.83 (d, 3, HCCH3), 2.42 (s, 3, yield) of 5-chloro-l-phenyl-l-pentyne: bp 98-100° (0.03 mm);
CH3C6H4), 3.10-3.70 (m, 1, S02C(H)CH3), 4.50 (s, 1, OH), 4.90 nmr (CDCI3), 8 1.90 (p, 2, CH2CH2CH2), 2.49 (t, 2, C=CCH2),
(d, 1,HCC6H6), 7.20-7.95 (m, 9, aromaticH). 3.57 (t, 2, CH2C1), 7.02-7.58 (m, 5, C6H6).

erythro-t-'B\ity\-(l, l-dioxy-2-thiolanyl)carbinol (8 ).—Sulfolane Reaction of 5-Chloro-l-phenyl-l-pentyne with Thiourea.—5-
(24 g, 0.2 mol) in 500 ml of THF was treated with n-butyllithium Chloro-l-phenyl-l-pentyne (30 g, 0.168 mol) and thiourea (12.8 g,
(0.2 mol) and pivalaldehyde (17.2 g , 0.2 mol) as described above. 0.168 mol) were refluxed in 100 ml of 95% ethanol for 24 hr.
A viscose oil was obtained which was taken up in 95% EtOH NaOH (10.1 g) in 100 ml of H20 was added and reflux was con-
and chilled. The 2,5 diadduct (7.6 g) was obtained: mp 228- tinued 2 hr. After cooling to room temperature and extraction
229°; nmr (th-DMSO) 8 0.81 (s, 18, C(CH3)3), 1.7-2.3 (m, 4, with benzene an 8 6 % vield of the irons olefin 18 was obtained:
CH2CH2), 2.60-3.70 (m, 4, OH and CHS02CH), 4.7-5.0 (m, bp 110-114° (0.02 mm)'; nmr (CDCh) 5 1.91 (p, 2, CH2CH2CH2),
2, HCC(CH3)3). 2.58-2.95 (m, 2, CH2C=CH), 3.10 (t, 2, CH2S), 6.43 (t, 1,

Anal. Calcd for Ci4H2S0 4S: C, 57.50; H, 9.65; S, 10.96. C=CH); 6.90-7.56 (m, 5, C6H5).
Found: C, 57.69; H, 9.73; S, 11.08. Anal. Calcd for CUH12S: C, 74.97; H, 6 .8 6 ; S, 18.16.

The mother liquor was stripped of solvent and recrystallized Found: C, 74.73; H, 7.08; S, 18.06. 
from CCl4-petroleum ether (30-60°) to obtain 47% 8 : mp Oxidation of 18.—To a solution of 18 (10.0 g, 56.8 mmol) in
103.5-105°; nmr (CDCI3) 8 0.98 (s, 9, C(CHa)3), 1 .9-2.0 (m, 4, 57 ml glacial HOAc was added 17 ml of 30% H202. The reaction
CH2-CH2), 2.75 (s, 1, OH), 2.80-3.30 (m, 3, CH2S02CH), 3.91 was heated at reflux for 1 hr, poured on ice, extracted with CHCI3,
(d, J =  1,1. HCC(CH3)3). and dried (Na2S04), and solvent was removed in vacuo leaving a
Anal. Calcd for CaHiS0 3S: C, 52.40; H, 8.80; S, 15.54. yellow solid. Recrystallization from CC14 gave 7.3 g (62% yield)

Found: C, 52.33; H, 8.77; S, 15.77. of the irans-vinyl sulfone 16: mp 101-102°; nmr (CDC13) 8

Bis-1 ,1 -diphenyl (1 , l-dioxy-2 ,5-thiolanyl )carbinol (13).—A solu- 2.12 (p, 2, CH2CH2CH2), 2.79-3.27 (m, 4, CH2S02 and
tion of sulfolane (1.0 g, 8.35 mmol) in 50 ml of THF was treated CH2C=C), 6.80 (t, 1, C=CH), 7.20-7.50 (m, 3, aromatic H),
with n-butyllithium (16.7 mmol) and benzophenone (3.04 g, 7.52-7.88 (m, 2, aromatic H).
16.7 mmol) in 50 ml of THF. On acidification with HC1 the Anal. Calcd for C„Hi202S: C, 63.43; H, 5.81; S, 15.40.
diadduct 13 precipitated and was removed by filtration. Re- Found: C, 63.38; H, 5.82; S, 15.54.
crystallization from CHC13 resulted in 3.02 g (75% yield) of 13, Dehydration of 2.—The erythro alcohol 2 (3  g) was refluxed in
mp 312-313°. 30 ml of 85% H3P04 for 1 hr. This was poured onto ice and

Anal. Calcd for CsoH2g04S: C, 74.35; H, 5.82; S, 6.62. extracted with CHCls. Subsequent work-up and reerystalliza-
Found: C, 73.92; H, 5.65; S, 6.63. tion from benzene-hexane gave 1.9 g of 15 (69% yield), mp 83-

The solvent was removed from the initial filter solution and 83.5°.
recrystallized from ethanol. An additional 5% of 13 was ob
tained and 0.46 g (18% yield) of the monoadduct 14, mp 203-
204° (lit.“ 203.5-204.5°). Registry No.— 1, 24463-72-7 ; 2,24463-73-8; trans-

threo-l-Chloro-l-phenyl(l ,i-dioxy-2-thiolanyl)methane (9).— propenyl benzene oxide, 23355-97-7; cfs-propenyl-
A solution of l (3.8 g l6.3 mmol) m 100 ml of dry dioxane was benzene oxide, 21884-74-2; 3, 24463-76-1; 4, 24463-
cooled to lo and SOCl2 (4.5 g) was added. The solution was 7 7  9 . - 9 zMfi3 -7 S q- 7 Q A- 7  W u * an 7 -stirred at room temperature for 72 hr, and the solvent and excess ‘ • "* 24400 to  o , O, 2440o-/y-4, 7, 244bo-8U-7 ,
SOCl2 were removed in vacuoleaving3.97 g (100%yield) of a 1:1  8, 24515-54-6; 9, 24463-81-8; 10, 24463-82-9; 11,
mixture of 9 and 10. This was separated on an acid-washed 14195-15-4; 12, 24463-84-1; 13, 24463-85-2’ 15,

’n C,Cl4̂ S S ex9:o oT 24463-86-3; 5-chloro-l-phenyl-l-pentyne, 24463-87-4;193 194 , nmr (C D C I3) 8 1.40—2.32 (m, 4, C H 2C H 2) ,  2.80— -tfr o/Maq qq k. 1 0  oaacio on a q k 1̂* 4- oaacio3.90 (m, 3, C H 2S 0 2C H ) , 5.06 (d, l, C 1C H ), 7.35 (s, 5, C6H6). 16’ 2 4 4 6 3 -8 8 -5> 18, 24463-89-6; 2,5 diadduct, 24463-
Anal. Calcd for CnH13C102S: C, 53.98; H, 5.35; Cl, 14.49; 90‘9’

S, 13.10. Found: C, 54.25; H, 5.34; Cl, 14.79; S, 13.16.
„  A c b ^ t o d ^ - W e  wish to thaok the National 

0 .2  ml of SOCI2. The reaction was allowed to stand in a des- Cancer Institute, Public Health Service Research Grant
iccator filled withDrierite and KOH pellets. Spectra were taken No. CA-04536-11, for the financial support of this work.
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The molybdenum hexacarbonyl and the vanadyl acetylacetonate catalyzed epoxidations of olefins by organic 
hydroperoxides have been tried on a series of diolefins and olefins with functional groups. Molybdenum hexa
carbonyl was a better catalyst for the epoxidation of all the olefinic compounds except allylic alcohols. Only with 
allylic alcohols did vanadyl acetylacetonate give higher yields of epoxide. A mechanism has been proposed for 
the allylic alcohol-vanadium catalyzed reaction.

In the first paper1 of this series, the epoxidation of The synthesis of diepoxide from nonconjugated 
monoolefins with organic hydroperoxides catalyzed by dienes was also investigated. First, the monoepoxide
group Vb and VIb transition metals was reported, and a was made and isolated. It was then allowed to react
mechanism for the reaction was proposed. The reac- with more hydroperoxide using a ratio of unsaturated
tion has now been extended to a series of diolefins and epoxide to hydroperoxide of 2 :1  or higher. The experi-
olefins with functional groups. mental conditions and results are shown in Table II.

endo-Dicyclopentadiene was unique among the dienes
POOH +  RsxC =C / R  catalyst> poH + K x C___ Slnce the double bonds are very reactive and the

X R /  \  /  epoxides are very stable. Steric effects would be
0 ' expected to prevent trans nucleophilic attack on both

epoxide rings, and cis nucleophilic ring opening should 
Results be a sl°w reaction. Since both double bonds are easily

epoxidized, the diepoxide can be made in high yield in
Nonconjugated Dienes.—To test the reactivity of one step with molar quantities of reagents. To obtain

double bonds in nonconjugated dienes, the epoxidation the diepoxide with no monoepoxide contaminant, at
of 4-vinylcyclohexene and 1,4-hexadiene was carried atmospheric pressure, the f-butyl alcohol must be
out. It was found that these compounds were similar removed as it forms. These data are shown in Table
in reactivity to monoolefins.1 As more alkyl sub- III.
stituents are bonded to the carbon atoms of the double Conjugated Dienes.—Conjugated dienes can also 
bond, the reactivity of the double bond increases. be epoxidized by this method. The reactivity of the
Thus, with 4-vinylcyclohexene, only the ring olefin was individual double bonds in the diene again depends on
epoxidized, and, with 1,4-hexadiene, the internal the alkyl group substituents. Overall, the reactivity
epoxide was the predominant product. When the pure of the dienes studied is less than compounds containing
a s -  and trans-1,4-hexadienes were allowed to react isolated double bonds. This was shown in a competi-
separately, the cis isomer showed an 11 to 1 preference tive experiment using equimolar quantities of isoprene
for internal epoxidation, and the trans isomer showed a and 2-methyl-l-butene. At partial hydroperoxide
6 to 1 preference. The greater ratio of internal to conversion, the yield of the epoxide based on the hydro
terminal epoxide for the cis olefin is probably due peroxide converted was quantitative, and the ratio of the
primarily to the steric effect, although the energy three epoxides, 2-methyl-3,4-epoxy-l-butene, 3-methyl-
difference between the cis and trans isomer may also be 3,4-epoxy-l-butene, and 2-methyl-l,2-epoxybutane,
important. was 1 :3 .7 :4 .7 . Typical experimental results with

other conjugated dienes are shown in Table I.

s - r *  ~  +  \ = ^ °
V  CH3 CH3 CH3

/  / / h r .  ch2- chc= ch„ ch2= chc— ch2 ch3ch2c-----CH,
- r 1 -  KT + ^  V  * \/ \/

Table I summarizes the experimental conditions and „ r ,, , , ,■ ,, , . . .  . . .,, • , , r . ,  . . .  , ... . With butadiene, the formation of polymeric materialsthe yields of monoepoxides obtained with various , , m -  , . , ,  ,,, , , . .  was observed. This could be prevented by the additiondienes using a 2 :1  molar ratio of diene to hydroperoxide. t e  ,r  , • m  , , ,• . ,
t,  • 1 ,1  i , ,, . ,. J 1 . . .  of free-radical inhibitors, lhe butadiene monoepoxide
rrevious work1 has shown that this ratio assures a high ■ , , ,, , , . ,  .• i , j, •, c, ,. . .  , . , . ,, 6 yield, based on the hydroperoxide conversion, did notyield of epoxide. Some diepoxide also formed in these , • ,, , . c ,■ • n,, • , ,  c v •, . , n , ,. change in the presence or absence of a free-radicalreactions. I he yield of diepoxide varied from less than ; u-v.u Tl i  , , , ,.o i  t A ■ I , , , mnr r i . inhibitor. It changed, however, based on the diene,
1% for 4-vinylcyclohexene to 13% for dicyclopenta- indicati that onl the diene is involved in the poly:
diene, lhe amount of diepoxide can be decreased c
further by using a higher ratio of diene to hydroperox- The hydroperoxide epoxidation of isoprene gives both

3,4-epoxy-3-methyl-l-butene and 3,4-epoxy-2-methyl- 
(i) n. n. sheng and j . g. Zajacek, Advan. chem. Ser., 76,418 (1968). 1-butene in a 4 :1  molar ratio. The epoxidation of
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T a b l e  I
E p o x id a t io n  o f  D ie n e s

Conver-
Olefin (mol) - Hydroperoxide (mol) Mo(CO)e, g Temp, °C Time, min sion,° % Yield,^ % Product® (ratio)

Nonconjugated Dienes
cts-l,4-Hexadiene (a) (0.18) Cumene (0.07) 0.03 85 50 100 90 A:B (11:1)
¿rans-l,4-Hexadiene (b) (0.18) Cumene (0.07) 0.03 85 75 94 93 C:D(6:1)
1,7-Octadiene (c) (0.10) ¿-Butyl (0.05) 0.02 90 240 8 8  8 6

4-Vinylcyclohexene (d) (0 .10) ¿-Butyl (0.05) 0.02 85 75 75 95 E
1.4- Cyclohexadiene (e) (0.10) ¿-Butyl (0.05) 0.02 90 30 92 78
1.5- Cyclooctadiene (f) (1.0) ¿-Butyl (0.50) 0.10 80 60 100 82
Dicyclopentadiene'* (g) (0.05) ¿-Butyl (0.025) 0.02 85 60 97 87 F:G (1.1:1)

Conjugated Dienes
Butadiene» (h) (0.58) ¿-Butyl (0.17) 0.04 100 40 97 85
1.3- Pentadiene (i) (0.03) Cumene (0.007) 0.003 80 60 71 91 H:I (2:1)
Isoprene (j) (0.03) ¿-Butyl (0.01) 0.003 90 64 97 84 J:K(4:1)

° Conversion of the hydroperoxide. b Yield of monoxide based on hydroperoxide converted. ® A, cis-4,5-epoxy-1-hexene; B, cis-
1.2- epoxy-4-hexene; C, ¿r<ms-4,5-epoxy-l-hexene; D, lrans-1,2-epoxy-4-hexene; E, l,2-epoxy-4-vinylcyclohexane; F, 8,9-epoxy-mdo- 
tricyclo[5.2.1.02'6]dec-4-ene; G, 4,5-epoxy-en<fo-tricyclo[5.2.1.02-6]dec-8-ene; H, 3,4-epoxy-l-pentene; I, l,2-epoxy-3-pentene; J,
3-methyl-3,4-epoxy-l-butene; K, 2-methyl-3,4-epoxy-l-butene. 4 Benzene (12 ml) was used as solvent. * Benzene (60 ml) was used 
as solvent and hydroquinone (0.03 g) was added as inhibitor.

T a b l e  II
E p o x id a t io n  o f  N o n c o n ju g a t e d  D ie n e  M o n o x id e s

i-Butyl hy
droperoxide, Temp, Time, Conver- Yield,

Olefin (mol) mol Solvent (ml) Mo(CO)e, g °C min sion,° % %

1.2- Epoxy-4-vinylcyclohexene (a) (0.12) 0.06 0.03 85 60 96 83
1.2- Epoxy-5-cyclooctene (b) (2.0) 1.0 Toluene (300) 0.15 100 300 100 54
Dicyclopentadiene monoxides® (c and o') (0.05) 0.025 Benzene (12 ) 0.02 85 120 89 89
czs-l,4-Hexadiene monoxides* (d® and d't) (0.02) 0.01 Benzene (2) 0.01 100 120 65 77

° Conversion of hydroperoxide. b Based on the hydroperoxide converted. ® A 1.1:1 molar mixture of the two monoxides. 4 A 15:1 
molar mixture of the internal and terminal epoxides. »Internal epoxide. f Terminal epoxide.

isoprene by the bromohydrin method2 or by perbenzoic T a b l e  III
acid3 gave only the 3,4-epoxy-3-methyl-l-butene. The E p o x id a t io n  o f  D ic y c l o p e n t a d ie n e 0

3.4- epoxy-2-methyl-l-butene was isolated and identified t-Butyihy- _
by nmr, elemental analysis, and oxirane titration. To &pt no drop̂ f de’ Time_ hr °27%
obtain high yields of the isoprene epoxides, all the Q 02g 1 07 87 13
reactants must be anhydrous. I t  was found-that 3,4- 2 0 050 1 84 7 3  27
epoxy-3-methyl-l-butene reacts very rapidly with water 3  0.050 1.5 95 6 6  32
even at room temperature to give the diol. This proves 4  0.075 1 . 5  82 53 47
to be a convenient method for isolating the 3,4-epoxy-2- 5  0.075 2 8 8  48 50
methyl-l-butene from 3,4-epoxy-3-methyl-l-butene. 6  0.075 3 94 35 65
If the epoxidation mixture was washed with water, the 7 0 1 0 0  2  77 33 6 6

3.4- epoxy-3-methyl-1-butene was converted to the diol 8 0.100 3 86 17 80
and dissolved in the water layer while 3,4-epoxy-2- 9 0.113 2.5 100 0 86
methyl-l-butene remained in the organic layer from “In “ P4 1 - 8  reagents were ¿-butyl hydroperoxide (as indi-, • , - , , i , j, ,. , ,. cated), 0.05 mol of dicyclopentadiene, 0.02 g of Mo(CO)6, and
which it was isolated by fractional distillation. _ 10 g of benzene; reflux temperature for this mixture is 85°. In

Allylic Compounds.- This epoxidation technique expt 9  reagents were the same except 30 g of toluene was used as
was tried on a variety of allylic compounds. The re- solvent and ¿-butyl alcohol was removed as it formed to keep the
suits are shown in Table IV. The epoxidation of temperature at 1 0 0 °. b Conversion of hydroperoxide. ® The
these compounds was more difficult than compounds epoxide yield is based on hydroperoxide converted.
with isolated double bonds. This would be expected
based on the electrophilic mechanism proposed for this epoxides. For some of the more reactive compounds,
reaction. Allylic compounds which have weaker the addition of free-radical inhibitors also increased the
electron-withdrawing groups such as chlorides and epoxide yield.
ethers give a faster reaction and a higher yield of Allylic Alcohols.-—The epoxidation of allylic alcohols 
epoxide than those which have stronger electron- gave unexpected results. With other olefinic corn-
withdrawing groups such as esters and nitriles. Sub- pounds, molybdenum-catalyzed reactions, in general,
stitution of an alkyl group on the double bond again gave a higher yield of epoxide than the reaction cata-
increased the reaction rate and the yield of the epoxide. lyzed by vanadium. Vanadium catalysts, however,
With these compounds, a molar ratio of olefin to hydro- gave faster reactions and higher epoxide yields in the
peroxide higher than 2 :1  increased the yield of the case of allyl alcohol. With allyl alcohol and vanadium

catalyst, a stoichiometric amount of olefin and hydro- 
(i9 6 0 )E J ReiSt’ J °  JUI*ge and B R Baker’ J ' 0r°' Chem" 25, 1674 peroxide or an excess of hydroperoxide can be used, and

(3) r . Pummerer and w. Reindei, Ber., 66, 3 3 5  (1 9 3 3 ). high yields of the epoxide are still obtained. For other
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T a b l e  IV
E f o x id a t io n  o f  A l l y l  C o m p o u n d s

i-Butyl hydro- Conversion,0
Olefin (mol) peroxide, mol Benzene, ml Mo(CO)e, g Temp, °C Time, min % Yield,6 %

Allyl ethyl ether (a) (0.023) 0.005 2  0 . 0 1  95 30 73 77
Diallyl ether (b) (0.15) 0.050 0.02 95 120 89 85
Dimethallyl ether (c) (0.25) 0.125 50 0 . 1 0  93 60 84 70
Allyl glycidyl ether (d) (0 .2 0 ) 0.070 1 2  0.03 1 0 0  180 8 8  58
Dimethallyl ether monoxide0 (e) (0.05) 0.016 1 0  0.008 95 90 65 6 8

Ethyl methacrylate* (f) (0.08) 0.006 5 0.006 80 180 61 72
1- Cyclohexenyl acetonitrile (g) (0.41) 0.280 30 0.15 1 1 0  60 1 0 0  41
Allyl chloride (h) (0.08) 0.005 0.01 85 120 63 75
Methallyl chloride (i) (0.08) 0 . 0 1 0  0.01 85 120 100 89
1.4- Dichlorobutene-2 (j) (0.10) 0.030 0.01 90 90 84 21

° Conversion of hydroperoxide. 1 The epoxide yield is based on the conversion of hydroperoxide. » 2-Methyl-2,3-epoxypropyl
2- methyl-2-propenyl ether. * Diphenylamine (0.03 g) was added as free-radical inhibitor.

T a b l e  V
E p o x id a t io n  o f  A l l y l ic  A l c o h o l s

Hydro
peroxide

i-Butyl hydroperoxide, conversion, Epoxide®
Olefin (mol) mol Catalyst (g) Temp, °C Time, min % yield, %

Allyl alcohol (a) (0.07) 0 . 0 1  Mo(CO)« (0.01) 1 0 0  60 1 0 0  1 0

(0.07) 0.01 VO(acac)2 (0.01) 100 25 92 83
(0.01)6 0.01 VO(acac) 2 (0.01) 100 120 8 8  78
(0.01)6 0.015 VO(acac) 2 (0.01) 100 180 89 64

Methallyl alcohol (b) (0.06) 0.004 VO(acac) 2 (0.01) 80 30 97 100
(0.06) 0.004 Mo(CO)6 (0.01) 80 30 82 69

2-Methyl-l-penten-3-ol (c) (0.04) 0.004 VO(acac)2 (0.01) 80 30 94 100°
(0.04) 0 004 Mo(CO)6 (0.01) 80 30 94 1 0 0 »

4- Methyl-4-penten-2-ol (d) (0.04) 0.004 VO(acac)2 (0.01) 80 30 8 8  100»
(0.04) 0.004 Mo(CO;6 (0.01) 80 30 90 83»

5- Hexen-2-ol (e) (0.04) 0.004 VO(acac)2 (0.01) 80 30 7 51*
(0.04) 0.004 Mo(CO)„ (0.01) 80 30 69 8 6 *

2- Cyclohexen-l-ol (f) (0.02) 0.002 VO(acac)2 (0.01) 80 30 85 51*
(0 .0 2 ) 0 . 0 0 2  Mo(CO), (0.01) 80 30 62 95*

1.5- Hexadien-3-ol (g) (0.04) 0.004 VO(acac)2 (0.01) 80 30 77 92»
(0.04) 0.004 Mo(CO). (0.01) 80 30 91 75»

3,4-Dihydroxylbutene-l (h) (0.03) 0.01 VO(acac)2 (0.005) 80 60 87 60
3- Methyl-3,4-dihydroxylbutene-l (i) (0.05) 0.01 VO(acac)2 (0.01) 80 60 84 91

0 Epoxide yield is based on the hydroperoxide conversion. 6 Tetrahydrofuran (2 g) was used as solvent in these experiments. » The 
epoxide for 2-methyl-l-penten-3-ol is a 10:1 (vanadium catalyst) and a 4:1 (molybdenum catalyst) ratio of the two possible optical 
racemic pairs based on vpc retention times; for 4 -m-3thyl-4-penten-2-ol, the epoxide is a 1:2 (vanadium catalyst) and a 1:1 (molybdenum 
catalyst) mixture based on vpc retention times. * The two optical racemic pairs were not separated by vpc. » The epoxide is a 4:1 
mixture of l,2-epoxy-3-hydroxy 1-5-hexene and l,2-epoxy-4-hydroxyl-5-hexene for the vanadium-catalyzed reaction; for the molyb
denum-catalyzed reaction, the epoxide is a 1 : 1  mixture.

olefins a 2 :1  molar ratio of the olefin to hydroperoxide is becomes more like an unsubstituted olefin, and the
best for maximum epoxide yields. The experimental molybdenum-catalyzed reaction gives both a higher
results on the epoxidation of various allylic and un- conversion of the hydroperoxide and a higher yield of
saturated alcohols are summarized in Table V. These the epoxide.
data show that there are three variables which deter- If optically active unsaturated alcohols had been 
mine whether vanadium or molybdenum compounds used, the epoxidation reaction would give two optically
give a higher yield of epoxide. These variables are the active epoxides. In the case of 2-methyl-l-penten-3-ol
presence or absence of an alkyl group on the double and 4-methyl-4-penten-2-ol, starting with the racemic
bond of the unsaturated alcohol and on the carbinol mixture of the unsaturated alcohol, the gas chromato
carbon, and the position of the hydroxyl group relative graph separated the two optical racemic pairs of
to the double bond. Substitution of an alkyl group on epoxides. The ratio of the racemic pairs varied with the
the double bond, as in methallyl alcohol, allows the hydroxyl position and whether the catalyst was molyb-
reaction to be run at a lower temperature, and the denum or vanadium. The racemic pairs were separated
molybdenum catalyst gives only a slightly lower yield of by preparative gas chromatography and were shown to
epoxide than the vanadium catalyst. With substitu- be epoxides by nmr and ir. Unambiguous identifica
tion of an alkyl group on the double bond and the tion of the stereochemistry of the two isomeric pairs was
carbinol carbon in 2-methyl-l-penten-3-ol and 4-meth- not possible by nmr.
yl-4-penten-2-ol, the molybdenum- and vanadium- l,5-Hexadien-3-ol was epoxidized with molybdenum 
catalyzed reactions gave comparable epoxide yields. and vanadium catalysts to see which double bond would
As the position of the hydroxyl group relative to the be epoxidized. In the vanadium-catalyzed reaction,
double bond changes as in 5-hexen-2-oi, the olefin vpc analysis showed that the epoxide was a 4 :1  mixture
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of l,2-epoxy-3-hydroxy 1-5-hexene (I) and l,2-epoxy-4- Mechanism 1
hydroxyl-5-hexene (II) and, in the molybdenum- s *
catalyzed reaction, was a 1 :1  mixture of these epoxides. 2 ; s.
Compound I had the shorter retention time on the vpc. CH2=CHCH2OH +  V"+cat i CH2
These epoxides were separated by preparative vpc and' ^»+____oh
identified by nmr and mass spectrometry. a +

c h 2- c h

Discussion ROOH +  j XCH2 — s-

From  previous studies on the epoxidation of olefins,1 V»+—-OH
the results obtained in the vanadium-catalyzed epoxida- RqH __CHCH2OH +  V”+ t
tion reactions of allylic alcohols, especially allyl alcohol \  /
and l,5-hexadien-3-ol, were unexpected. In the _ 0
epoxidation of simple olefins, molybdenum catalysts Mechanism 2
always gave higher yields of epoxides. ' v v oat '

Since allylic olefins should be less reactive than simple ROOH +  Vn+eat ROOH
olefins, vanadium compounds should not have been
good catalysts for any epoxidation reactions under the Vn+
experimental conditions reported in this paper. Since CHi=CHCH2OH +  V"+cat —  > CH2=CHCH2OH
the vanadium compounds were good catalysts for the ea :
epoxidation of allylic alcohols, the original mechanism .̂n +
proposed for this epoxidation reaction1'4 must be „ =  __
modified slightly to fit these new data. Alcohols have ; 2 2 ;
been observed to retard the rate of the epoxidation \ +
reaction, and a metal compound-alcohol complex has
been postulated to explain these results. The kinetic ROH +  CH2—CHCH2OH +  2Vn+cat
studies1 with molybdenum hexacarbonyl have been ^ q-
made to over 70%  hydroperoxide conversion and showed Mechanism 3
no deviation due to molybdenum-alcohol complexing. CH2=CH
Only when alcohols are used as solvents is the retarda- _pttptt oh  — ^  ro o h  X p h
tion observed with molybdenum catalyst. However, ; X  2 2 . /  2
kinetic studies4 under comparable conditions with Vn+ Vn+—O
vanadyl acetylacetonate showed a very marked retar- ^
dation by alcohol. These two studies indicate that the 
alcohol formed in the epoxidation reaction complexes CH^CH
better with the vanadium than the molybdenum R|J0H  X CH2 ROH +  CH2-C H C H 2OH +
catalyst. I  his evidence would indicate that an allylic \ /  \  /
alcohol-vanadium catalyst complex should form quite Yn+—0  O
readily. Three mechanisms can be postulated to 
explain the epoxidation of the allylic alcohols.

In mechanism 1, both the hydroxyl group and the allyl alcohol)-vanadium intermediate, which forms
double bond of the allyl alcohol complex with the first, has to further complex with the allyl alcohol (or
vanadium catalyst. In this complex the double bond the hydroperoxide), before the double bond is epoxi-
would have a partial positive charge and then could be dized. This mechanism is most consistant with the
epoxidized by a nucleophilic hydroperoxide. This experimental observation. The allyl alcohol-hydro
mechanism is similar to the base-catalyzed epoxidation peroxide-vanadium complex should be more stable
of a , (3-unsaturated ketone by the hydroperoxide.6 If than the hydroperoxide-vanadium complex. Thegeom-
this were the mechanism for the reaction, methallyl etry of the intermediate complex would place the
alcohol for electronic and steric effects should be less electron-deficient oxygen of the hydroperoxide in the
reactive than allyl alcohol. The results show that the vicinity of the double bond. This makes the epoxida-
opposite is true. Methallyl alcohol is epoxidized at a tion reaction favored over the decomposition of the
lower temperature than allyl alcohol. hydroperoxide. Inserting additional carbon atoms

Mechanism 2 shows that the hydroxyl group of the between the double bond and the hydroxyl group
allyl alcohol first complexes with the vanadium. This destroys this favorable geometry for the epoxidation
complex is then epoxidized by the hydroperoxide- reaction. Thus, l,5-hexadien-3-ol gave l,2-epoxy-3-
vanadium intermediate. This mechanism would not hydroxy-5-hexene as the major product, and 5-hexen-
explain why vanadium complexing with the hydroxyl 2-ol gave only a poor yield of the epoxide,
group of the allyl alcohol should give a high epoxide Further studies on the kinetics and the stereo
yield compared with molybdenum. Also it would not chemistry of the vanadium-catalyzed epoxidation of
explain why the allylic double bond was preferentially allylic alcohols are in progress in order to learn more 
epoxidized in l,5-hexadien-3-ol. about this reaction.

Mechanism 3 shows that the hydroperoxide (or the

Experimental Section
(4) E. S. Gould, R. R. Hiatt, and K. C. Irwin, J .  Amer. Chem. Soc., 90,

4573 (1968). General Procedure.—Infrared spectra data were obtained with
(5) N. C. Yang and R. A. Finnegan, ibid., 80, 5845 (1958). a Perkin-Elmer infracord; nmr data, with a Yarian A-60; and
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the mass spectra data, on a Consolidated Electrodynamics Corp. X A B C
Model 104 at 70 eV. Gas-liquid partition chromatography was 2 w
done using either a Varian Aerograph Model 90-P or a Perkin- y  | I T T T
Elmer Model 226. The column used in the Aerograph was 10 „  I ___I _ X__X J, p-
ft X -25 in. packed with 20% Carbowax 20M on 30-60 mesh “ \ /  I I **
acid-washed firebrick. The stainless steel capillary column used \ /  i J.
in the Perkin-Elmer chromatograph was 100 ft X 0.02 in. coated O i 2 7

with Carbowax 15-40M. Hydroperoxide concentration was ^
analyzed by standard titration procedure.6 Epoxide concen- 43| 71

tration was analyzed by vpc. All epoxides were identified by
comparison (vpc retention and ir and nmr spectra) with au- 73

thentic samples. Reagent grade chemicals were used when avail-
able without further purification. Commercially available j
cumene hydroperoxide was purified according to Davies.7 t-
Butyl hydroperoxide (94% purity) was obtained from the C B A X
Lucidol Division, Wallace and Tiernan, Inc., and purified to 97% H H H H H H
by drying over anhydrous magnesium sulfate. Olefins were I I I I j !
purified by distillation. H—C =C --C --C —C----- C—H

Isoprene.—A solution of 45 g of cumene hydroperoxide (99 + % | | \ /
purity), 1 1 0  g of isoprene, and 0 . 1  g of Mo(CO)6 was charged O H q'
into a 500 ml Magnedrive autoclave (Pressure Product Co.) and |
heated to 80-82° for 35 min. The reactor was cooled to room 27 H
temperature. The products were collected and were analyzed —
for hydroperoxide by standard iodometric titration and epoxides
by vpc. There was a 97% conversion of the hydroperoxide and 57J57

92% yield of two isomeric epoxides based on the conversion of
hydroperoxide. The two epoxides were 3,4-epoxy-3-methyl-l- II
butene and 3,4-epoxy-2-methyl-l-butene in a ratio of 4:1. TT mi. , , , ,
Spinning-band distillation gave two fractions with bp 79-80 and with J  ax — 5.6 Hz. The mass spectra (70 eV) showed a large
80-84° ion intenslty at m/e 43 (C2H30 +) and 57 (C3H50+) for com-

The ratio of 3,4-epoxy-3-methyi-l-butene and 3,4-epoxy-2- pounds I and II, respectively. Some basic characteristic peaks
methyl-1-butene was 7.9:1 in the fraction of bp 79-80°, 2.4:1 of these two compounds are listed in Table VI.
in the one of bp 80-84°. With the first fraction, 3,4-epoxy-3-
methyl-l-butene was identified by comparison (vpc retention and Table VI
ir and nmr spectra) with an authentic sample prepared by the Characteristic Mass Spectra of Compounds I and II
bromohydnn method.2 With the second fraction, the pure 6,4-
epoxy-2-methyl-l-butene was isolated by preparative vpc. It m/e Intensity of I  intensity of I I
was identified by nmr (r 4.83, 5, 6.65, 7.25, 8.37), elemental 43“ 100 24
analysis (Calcd: C, 71.50; H, 9.50; O, 19.05. Found: C, 57» 10 100
71.58; H, 9.37; O, 19.08.), and oxirane titration.8 27 6 8  8 6

Allyl Alcohol.—A solution of 4.1 g of allyl alcohol, 0.95 g of 3 1  22 47
i-butyl hydroperoxide (95%), and 0.01 g of vanadyl acetylaceto- gg g4  3 4

nate was sealed in a pressure tube and allowed to react for 25 min gg ^g ^
in a constant-temperature bath at 100°. The tube was removed yg ^ g
and cooled. Hydroperoxide and epoxide were analyzed by iodo
metric titration and vpc. There was a 92% conversion of the 71 8 3
hydroperoxide and an 83% yield of the epoxide based on the 96 7 3
hydroperoxide conversion. “ Base peak for compounds I and II, respectively.

l,5-Hexadien-3-ol.—A solution of 19.6 g of 1,5-hexadien-3-
ol, 9.0 g of ¿-butyl hydroperoxide (97%-purity) .and 0.01 g of Registry No.—I, 24058-61-5; II, 24058-62-6; mo- 
vanadyl acetylacetonate was heated for 30 mm at 80 in a three- , , u onon - it  , ,
necked flask equipped with a condenser, magnetic stirrer, and a lybdenum hexacarbonyl, 13939-06-5; vanadyl acetyl-
thermometer. Fractional distillation on aNester-Faust spinning- acetonate, 13930-95-5; Table I —a, 7318-67-4; b,
band gave l,2-epoxy-3-hydroxyl-5-hexene [bp 45° (1 mm)] in 7319-00-8; C, 3710-30-3; d, 100-40-3; e, 628-41-1;
93% purity. The remainder of the cut was l,2-epoxy-4-hy- f g) 77-73-6; h, 106-99-0; i, 504-60-9 j,
droxy 1-5-hexene. An identical run with 0 01 g;of r g j g  78-79-5; Table I I—a, 106-86-5; b, 637-90-1; c, 4387-acetylacetonate as catalyst followed by fractional distillation V  ,, 1ft Q.
gave 1,2-epoxy-4-hydroxy 1-5-hexene [bp 53° (1 mm)] in 85% 46-6; C , 43S7-45-5, d, 14031-68-6, d , 24578-16-3,
purity. The remainder of the cut was 1 ,2-epoxy-3-hydroxyl-5- Table IV’—a, 557-31-3; b, 557-40-4; C, 628-56-8; d,
hexene. The nmr spectra of these epoxides exhibit resonances 106-92-3; e, 24058-76-2; f, 97-63-2; g, 6975-71-9; h,
corresponding to a terminal olefin, a terminal epoxide, and a 107-05-1" i 563-47-3" j, 764-41-0" Table V__a, 107-
-CHjCHOH group. In both cases, the position of the hydroxyl lg_6 b, 513-42-8; c, 2088-07-5; d’ 2004-67-3; e, 626-
group is clearly indicated by the splitting patterns of the epoxide O/i Q- f n» Q94. A1 d- h 4.Q7 i 94-Ô Rand olefinic protons. For compound I, the olefinic proton ap- 94' 8 - b »22+7-3, g, 924-41-4, II, 49/-UD-3, l, 24UD8-
pears as the ABC part of an ABCX2 system with J ax = 6 .8  Hz, 8 8 -6 .
while compound II appears as the ABC part of an ABCX system Acknowledgment.-The authors are grateful to J . I.
---------------  Stroud and F. J. Hilbert for the experimental work, to

(6) d . h . Weeier, o il  Soap (Chicago), 9,89 (1932). Dr. K. C. Ramey and W. Wise for the nmr analysis,
(7) A. G. Davies, “Organic Peroxides," Butterworth & Co. Ltd., London, +) Skahan and N. Kilargis for the VpC analysis, and

19S  A1 J4 Durbetaki, Anal. Chem.. as, 2000 (1956). to M. E. Fitzgerald for the mass spectrum analysis.
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Procedure for the Markovnikov Hydration of the Carbon-Carbon Double Bond
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The reaction of olefins with mercuric acetate in aqueous tetrahydrofuran, followed by the in situ reduction of 
the mercurial intermediate by alkaline sodium borohydride, provides a highly convenient procedure for the 
Markovnikov hydration of the carbon-carbon double bond. The synthesis has been applied to a representative 
selection of olefins. It was observed that mono-, di-, tri-, and tet.raalkyl, as well as phenyl-substituted olefins, 
undergo hydration readily by this procedure to give high yields of the Markovnikov alcohol, generally in excess of 
90%. The reaction displays high specificity and sensitivity to steric factors, and advantage of these character
istics can be taken to achieve desired syntheses.

The hydroboration-oxidation of olefins provides a Stoichiometrically the oxymercuration reaction con- 
highly convenient procedure, without evident rear- sists in the addition of a mercuric salt or of the elements
rangement, for achieving the anti-Markovnikov hydra- of a mixed mercuric salt, Hg(OR)X, to an olefinic
tion of carbon-carbon double bonds.3-4 For some time double bond. Reduction of the carbon-mercury bond
we had felt the need in our synthetic work for an equally (demercuration) gives the corresponding alcohol, ether,
mild procedure, equally free of rearrangement, for the or ester.
Markovnikov hydration of carbon-carbon double 
bonds. Preliminary studies indicated that the oxy-
m e r c u r a t i o n  o f  o le f in s  in  a q u e o u s  t e t r a h y d r o f u r a n ,  f o l -  —c=C__ h Hg(OR)X - >- —C—C— —c C— (l)
lowed by in situ reduction of the organomercurial by | | | |
alkaline sodium borohydride, offered great promise for ORHgX ORH
this requirement.8 Accordingly, we undertook a de
tailed study of the scope of this reaction. The results , ,. , , , , , ,,G .  ,. , At the time our systematic study was undertaken theof that study are reported in the present paper. , , • , , , ,,‘ • , usual procedure involved addition of a mercuric salt,It shortly became apparent that this convenient, n  . . •,, . , , , , ,  , . , . . , HgX2 (X  =  UAc, INIOs, GIO4, etc.), or mercuric oxide
combined procedure should be capable of very wide , •, /rjAirv Tirur, ± \ i  /v>. . .  v , . , . .  . ., J . . and an acid (HJN03, HGIO4, etc.) to an aqueous (R =variation, and serve as a general technique for the mtro- n , , , r  7-r, „ ,, ■ /r> n ,. ? , . , , H), alcoholic (R =  alkyl), or acidic (R =  acyl) solutionduction of a wide variety of nucleophiles to carbon- /  a rn, ' , ,.  ̂ of the olefin. Ihe resulting mixture was stirred forcarbon double bonds m the Markovnikov direction. .. c , ■ , , , ,  AT ,, , 1 , 1 , ,, . times ranging from a few minutes to several days. Notthus, we have developed procedures for the synthesis • j j i i . x i . i i .  1i i .1 i t ,, infrequently, it was recommended that catalysts, suchof ethers8 and amines/ and others have utilized the , •, , ,  •, ,» , , ■a  •, , ,, 1 • , ,, ,, . , ,1 i . i „ 1 as strong acids,12 peroxides,12 boron tnnuoride, etc., betechnique for the synthesis of alkyl azides8 and perox- j  x i_ N  ,. 1 „ J , K . 1 used to enhance the rate.ides.s Gonsequently, we have generalized our initial T, • , , , , ,. , , • x- , x- x 1 It is puzzling why so many workers used such longinterest m oxymercuration-demercuration to solvo- ,• 0 ^  ,

, .  , , .  , xi • i reaction times. lo r  example, Iravlor and Baker13mercuration-demercuration, and this more general , , , ■ r  , x • ■ n , „• x x • j  • xx x-xi r x, • • prepared norbornylmercunc aqetate m 61% yield frominterest is expressed m the title of this new series. f, , c , .. • xi x / ,x- x- ■ • n i 1 the olehn by stirring the reagents (norbornene, mer-1 he oxymercuration reaction was originally explored ■ , 0 ■ P x \ r  on 1 T
j o j i . - -  • lAAn m *1x1 1 curie oxide, and mercuric acetate) for 30 hr. In con-by Hofmann and Sand, beginning m 1900.10 Although , x x- x- c on , x x i-, . p , xi x- 1 trast, a reaction time of 30 sec was adequate to achievean enormous number of studies of the reaction have • u  • xi • r , ,, ■ ,, ,-x x x, i x  1 a 100% yield in the conversion of norbornene to easo-appeared m the literature* these later papers have con- 1 1 , xl x i ,,, ,1 1 • A -xi xi 1 • r xi norborneol by the present procedure.14 Moreover, wecerned themselves primarily with the mechanism of the , , xiG  x 1 1 1  ..x- , xi x , - x  -x i  1 x ,, have discovered that, not only are such long reactionreaction and the stereochemistry of the products.11 , x * • r xi xi■ times less convenient, but not infrequently they are

(1) National Defense Education Act Fellow (Title IV) at Purdue Uni- a c t u a l l y  d e l e t e r i o u s  a n d  r e s u l t  i n  g r e a t l y  d e c r e a s e d
versity, 1965-1968. y ie ld s .

(2) Graduate Research Assistant, 1968-1969 on a study supported by F r o m  t h e  W Q rk Qf  H o f m a n n  a n d  S a n d s ,  i t  IS  k n o w n
funds from the Ihsso Research and Engineering Co. . 1.

(3) H. C. Brown, “Hydroboration,” W. A. Benjamin, Inc., New York, tllc iit, 111 LI16 CRSG 01 S im p lG  O lG llIlSj t l l 6  rG RC tlO Il prO C60Cls
N- Y- 1962- in the Markovnikov sense (that is, by placing the mer-

(4) G. Zweifel and H. C. Brown, Org. React. 13, 1 (1963). , , i  i , i • , ,  i ,
(5) H. C. Brown and P. J .  Geoghegan, Jr„  J .  Amer. Chem. .<?«.. 89, 1522 CUFy  a t ° m  011 t h e  C& vh° n  a t ° m  haV 1I1g  t h e  m 0 r e  h y d r ° -

(1967). gen) to give an almost quantitative yield of product.
(- ’ 2' 2' 2rown anx ^ ^ Rei; ibld" 91,5646 (1969)- However, it has been reported that side reactions often(7j H. C. Brown and J .  T. Kurek, ibid., 91, 5647 (1969). • x r ,
(8) c. h . iieathcock, Angew. Chem., si, 148 (1969). interfere, leading to polymers,lla dialkylmercurials,1 la
(9) D. H. Ballard, A. J .  Bloodworth, and R . J .  Bunce, Chem. Commun.,

815 (1969).
(10) K . A. Hofmann and J .  Sand, Chem. Ber., 33, 1340 (1900), and sub- (12) J .  Halpern and H. B. Tinker. J .  Amer. Chem. See., 89, 6427 (1967),

sequent papers. have studied the kinetics of hydroxymercuration in water and have shown
(11) (a) For a thorough review of the literature through 1950, see J. that the rate is unaffected by acid concentration (over specified pH ranges)

Chatt, Chem. Rev., 48, 7 (1951). (b) Pertinent data on the stereochemical or by cxygen or hydroperoxide, contrary to some of these earlier reports and
aspects of the reaction have been reviewed by N. S. Zefirov, Usp. K him , recommendations.
34, 1272 (1965); Russ. Chem. Rev., 34, 527 (1965). (c) Various aspects of (13) T. G. Traylor and A. W. Baker, ibid., 85, 2746 (1963).
the reaction which have been explored since 1950 have been reviewed by W. (14) H. C. Brown, J .  H. Kawakami, and S. Ikegami, ibid., 89, 1525
Kitching, Organometal. Chem. Rev., 3, 61 (1968). (1967).
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and products of oxidation15 and substitution.1111 For- stability of sodium borohydride in strongly alkaline
tunately, these side reactions do not appear to be im- solutions, we decided to utilize alkaline sodium boro-
portant under the conditions adopted for our hydration. hydride for the in  situ reduction. This worked ideally.
Perhaps the much shorter reaction times utilized in our Mercuric acetate dissolves in water to give a clear 
procedure contribute importantly in circumventing the solution. When 50 vol % of T H F is added, a finely
appearance of these undesired side reactions. divided yellow precipitate appears. Presumably this

Reduction of the carbon-mercury bond has been is mercuric oxide or a basic mercuric acetate, although
achieved using a number of reagents, including sodium- we have not attempted to establish the composition,
mercury amalgam, hydrazine, lithium aluminum hy- Upon addition of the olefin this yellow precipitate or
dride, and various borohydrides.13'16’17 In practically suspension disappears and a clear, colorless solution
all of the earlier work the initial oxymercuration prod- usually results, frequently in a matter of minutes or
uct was precipitated as the chloride and this interme- even seconds. In order to determine whether the time
diate reduced in a separate operation. It was the for disappearance of the yellow color (Pi) can be cor-
recognition that oxymercuration could be accomplished related to the extent of reaction, several olefins were
very rapidly and essentially quantitatively in aqueous oxymercurated and base was added immediately fol-
tetrahydrofuran (eq 2) and that the mercury could be lowing the disappearance of the yellow color to stop
removed in  situ in a second fast reaction by treatment further oxymercuration. The reaction mixture was
with alkaline sodium borohydride (eq 3) that persuaded then treated with sodium borohydride solution and
us that this was the convenient Markovnikov hydra- analyzed for alcohol. The results are presented in
tion procedure that would complement the convenient Table I.
anti-Markovnikov hydration procedure based on hy-
droboration-oxidation. T a b l e  I

C o r r e l a t io n  o f  T ,  w it h  E x t e n t  o f  R e a c t io n “
50:50 T H F -H 2O Yie,d 0{

RCH=CH2 +  Hg(OAc)2 -------------------— >  RCHCH2HgOAc (2) Olefin r f  alcohol, ° %
25 , ~io min 2-Methy 1-2-butene 10 sec 61

Cyclohexene 55 sec 65
NaOH, NaBHi 3,3-Dimethyl-l-butene 2 min 60

RCHCHjHgOAc — > RCHCH3 + Hg (3) 1-Dodecene 7  min 4 9

OH OH 0 Reaction run under standard conditions, as described in text.
6 Time for disappearance of the yellow color. c By glpc analysis. 

^ , T.. . Markovnikov isomer only.
Results and Discussion

It was our objective to develop a synthetic procedure Some small variation in T\ is observed from run to 
for the Markovnikov hydration of the carbon-carbon run, presumably because the reaction mixture is hetero
double bond via oxymercuration-demercuration which geneous at the start of the reaction. However, the data
would be simple in application and conducive to simple indicate that the reaction has gone to approximately
analysis and/or isolation of the products. The oxy- 60% of completion when all of the yellow precipitate
mercuration stage requires the addition of a water-sol- ° r suspension has vanished. Although this may only 
uble mercuric salt with a (generally) water-insoluble be true for reactions carried out in a 1:1 THF-water
olefin. It is evident that a nucleophilic cosolvent solvent system, it should be approximately valid for
might compete with water for the intermediate mercury other solvent ratios. In any event, the change in color
species, giving a mixed product. Consequently, we provides a highly convenient, albeit approximate,
chose a water-tetrahydrofuran (THF) solvent system measure of the reaction rate.
in order to realize both the benefits of homogeneity (or Using 7\ as an indication of the extent of reaction, 
near homogeneity) of the system and the inertness of the effect of solvent composition on the reaction was 
the cosolvent. studied. 3,3-Dimethyl-l-butene (10 mmol) was added

Organomercuric salts are generally soluble, as the to the yellow suspension resulting from mixing 10 mmol
organomercuric hydroxides, in strongly alkaline solu- °f mercuric acetate and the volumes of water and TH F
tions, and also quite stable in such solutions. More- indicated in Table II. The wide variation of T, with
over, Bordwell and Douglass160 established that sodium change in solvent composition demonstrates the desir-
borohydride reduces alkylmercuric salts or hydroxides ability of selecting the proper solvent system to obtain
both rapidly and smoothly in either neutral or alkaline optimum results,
solutions. In view of the greater solubility of the
alkylmercuric hydroxide and the enormously greater T a b l e  I I

T h e  E f f e c t  o f  S o l v e n t  C o m p o sit io n  on t h e  R a t e  o f

(15) (a) L . Balbiano and V. Paolini, Chem. Ber., 3 8 , 2994 (1902); 3 6 , OXYMERCURATION OF 3,3-DlM ETH YL-l-BUTEN E
3575 (1903). (b) K. B . Wiberg and S. D. Nelson, J .  Org. Chem., 29, 3353 Vol of water, ml Vol of T H F, ml Ti,a min
(1964). (c) Z. Rappoport, P. D. Sleezer, S. Winstein, and G. W. Young, g OQ qa
Tetrahedron Lett., 3719 (1965). »

(16) (a) H. B . Henbest and B . Nicholls, J .  Chem. Soc., 227 (1959); ^
(b) J .  H. Robson and G. F . Wright, Can. J .  Chem., 3 8 , 21 (1960); (c) F . 10 10 2
G. Bordwell and M. L, Douglass, J .  Amer. Chem. Soc., 88, 993 (1966). 20 10 2

(17) For a more complete discussion, with pertinent references, see Bord- 2 0  5  6
well and Douglass.180 The use of borohydrides for demercuration appears
to have been introduced by Henbest and Nicholls,16a whereas Robson and a T im e  for disappearance of the yellow Color.
Wrightl6b and Traylor and Baker13 appear to have first used borohydride in
aqneous solution for demercuration However we are indebted to Bordwell T h e  f f e c t  f  tfa  T H F  t o  w a t e r  r a t i o  o f  t h e  g0 l v e n t
and Douglass160 for the first detailed study of such reductions in aqueous # w j . yuuu
media and the recording of the great speed of that reaction. S y s t e m  O il t h e  O X y m e r C U r a t io il  o f  1 - h e x e n e  a n d  1 -O C ta -
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decene was studied. The olefin, 10 mmol, was added Mercuric salts, other than mercuric acetate, have also 
to 10 mmol of mercuric acetate in 10 ml of water with been used in the oxymercuration reaction. Mercuric
either 10, 20, or 30 ml of TH F. At the end of the ap- nitrate and mercuric trifluoroacetate were allowed to
propriate interval of time, alkaline sodium borohydride react with several olefins in order to determine whether
was introduced to reduce the organomercurial. The the anion had any pronounced effect on the reaction,
variation of yield with time is given in Table III. We explored the effect of the nature of the mercuric

salt on the yield, using mercuric acetate, trifluoroace-
Table III ^ e’ and n^ ra ê an'i a standard group of representative

olefins. The results indicated that there was no signifi- 
Effect of THF to Water Ratio on the Yield of cant ch in the maximum yield with these salts.

2 -Hexanol and 2 -Octadecanol tj-  ̂ • u  i , , ,However, the yield dropped much more sharply with
composition, reaction, 2-hexanoi, 2-octadecanoi time m the case of the mtrate and the trifluoroacetate,
thf: H2O hr % % especially with the more highly substituted olefins. 13

1 : 1  0.25 94 16 These results persuaded us that mercuric acetate
1 0 95 48 would be most generally useful; so we adopted it for
8 - 0  9 3  7 6  this study of the reaction scope.

2 4  0  96 93 With the above results in mind we designed a stan-
2 : 1  0.25 92 82 dard procedure for the oxymercuration-demercuration

of olefins which is remarkable in its simplicity ando • U y2 i
24.0 91 9 5  speed.

?yl o ’ 2 5  g5  go In a 100-ml flask, fitted with a magnetic stirrer, is
1 0  g3  9 3  placed 3.19 g (10.0 mmol) of mercuric acetate. To this
8 .o 8 6  9 3  is added 1 0 . 0  ml of water (in which the salt dissolves),

24.0 90 96 followed by 10.0 ml of TH F. Then 10.0 mmol of 1-
hexene is added. The reaction mixture is stirred for 15 

. . . min at room temperature (approximately 25°) to com-
From these results it is apparent that the reaction of plete the oxymercuration stage. Then 10.0 ml of 3.0 M

the low molecular weight olefin, 1 -hexene, is both rapid sodium hydroxide is added, followed by 1 0 . 0  ml of a so-
andquantitative. Theyield of 2-hexanolis slightly lower hition of 0.50 M  sodium borohydride in 3.0 M  sodium
in the 3 : I TH F-w ater so vent system. The high molec- hydroxide. Reduction of the mercurial is almost in-
ular weight olefin, 1-octadecene, clearly shows the ad- stantaneous. The mercury is allowed to settle. So-
vantages of a less aqueous system in this case. The dium chloride or potassium carbonate is added to sat-
much slower reaction of 1-octadecene m the more aque- urate the water Iayer The layer of TH F  is sep-
ous solvents is presumably due to its very limited sol- arated—it contains an essentially quantitative yield ox
ubility m water and the more aqueous system. 2 -hexanol 9 4 %

In order to determine whether excess hydride is neces- We ^  en£ ,untsred no serious difficulty in scaling 
sary for reduction, 10 mmol of 1-hexene was oxymer- the procedure up to runs on a preparative scale. How-
curated in a 1 : 1  TH F-w ater (10 ml each) solvent ever, it should be recognized that the reaction is exo
system with 1 0  mmo of mercuric acetate. After 1 0  thermic, so that the rate of addition of base and basic
mm, 10 ml of 3.0 M  sodium hydroxide was added fol- hydride solutions sbould be controlled to maintain the
lowed by various amounts of 0 6  M  sodium borohydride temperature at approximately 25°.
“  3-° »dium  hydroxide The results (%  excess H -, As was pointed out previously the mercuric acetate 
%  yield 2 hexanol . 10, 88; 50, 86, 100, 92) are essen- originally dissolves in the water to give a clear solution,
tially the same in ad cases. However, the addition of the T H F forms a yellow pre-

Another factor which may influence the yield is the cipitate. As the reaction proceeds, this coloration first
temperature at which reduction takes place. Both becomes lighter and then the reaction mixture (usua]i}
styrene and 1-hexene were oxymercurated and base becomes colorless and clear {T  ) frequently in a matter
was added. The basic solutions were then either heated of second alth h in some cases, such as transAA_
or cooled and borohydrrdesolutmn (0.5 Msodmm boro- dimethyl-2-pentene, longer periods are required. Al-

S r!i t H  S0d‘\im hydroxide, 100% excess) was though the oxymercurati0n reaction is not complete at
temperature was controlled during the this int the disappearance of the yellow color pro-

Ti e yi!  0  2r hexai! i  va!if;d betTeen .8?  vides an approximate indication of the time required,
and 95%  with no trend observable The results with Usually we allowed the reaction to oceed for at least
styrene (Table IV) also show that the temperature of five to ten times the length of time required for the
re uc ion is ummpor an . yellow color to vanish before initiating the reduction

stage ( T t).
Table IV In considering the effect of olefin structure on the

Effect of Reduction Temperature on the oxymercuration-demercuration reaction, it is advan-
Yield of 1-Phenylethanol tageous to compare olefins with similar structural fea-

Reduction yield of Reduction Yield of tures. Consequently the data are presented individ-
temp, °c alcohol, %“ temp, °c alcohol, %“ ually for olefins of the following classes: I, monosub-
55-60 87 15-17 91 stituted terminal olefins, R C H = C H 2; II, disubstituted
50-53 90 2-5 87 internal olefins, R H C = C H R '; III, disubstituted ter-
30-35 90 -5 -0  91
32—35 89

. (18) A detailed study of this phenomenon is underway with J .  T . Kurek
a Cxlpc analysis. and the results will be reported shortly.
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minal olefins, R 2C = C H 2; IY , trisubstituted internal ole- provides an extremely simple and quantitative method
fins, R2C = C H R ; V, tetrasubstituted internal olefins, for Markovnikov hydration of monosubstituted olefins 
R2C = C R 2. Unless otherwise stated, all of the following to give almost exclusively the desired isomer, 
reactions were run under the above standard conditions. An examination of the glpc trace of the reaction mix- 

Terminal Olefins, RCH =CH 2.—The data for this ture from oxymercuration of 3,3-dimethyl-l-butene
series of olefins is given in Table V. The reaction is failed to reveal the presence of any 2,3-dimethy 1-2-
rapid and clean leading to a quantitative conversion to butanol (< 0.2% ) which would be the product expected
alcohol. The olefins react within 15 min to give greater if the intermediate secondary carbonium ion were to re-
than 90%  of the Markovnikov alcohol. As has been arrange to the tertiary ion. This lack of rearrange-
mentioned previously, the higher molecular weight ment is an important characteristic of the oxymercura-
olefins react more rapidly when a less aqueous system is tion reaction.11
used. Disubstituted Internal Olefins, R C H =C H R '.—The

yield of alcohols and percentage of 2-ols have been 
Table V tabulated in Table VI. Here again the yield of alcohol

„ rp , T ,, from the various olefins is quantitative except for the
RCH=CH2 somewhat lower yields tor the propenylbenzenes.
Ti y2 Yield, This series of olefins brings out several important as-

oiefin see hr Product %“ pects of the oxymercuration-demercuration reaction.
1 -Pentene 15 0.25 2-Pentanol 93 The first of these is that cis isomers react more rapidly

1 . 0  97 than the corresponding trans olefins. This observation
1-Hexene 45 0.25 2-Hexanol 94 is based on the disappearance of the yellow precipitate

1 ■ 95 (Ti). As partial confirmation of this is the observation
l-Dodecene6 0.25 2-Dodecanol 91 that ^e yie}d 0f alcohol from ¿ro?is-4,4-dimethyl-2-

 ̂  ̂ pentene is 52% after 6 hr, while the yield of alcohol
1- eta ecene» ^  0 a eoano ^  from the corresponding cis isomer has reached 95%  in
3 .3- Dimethyl-l-butene 120 o'.25 3,3-Dimethyl-2-butanol 8 6  4  h,r; This Phenomenon has been noted previously, 20

I Q 94 and in one case its use in determining the configuration
Styrene 30 0.25 1-Phenylethanol 91 of isomeric olefins has been suggested.200

1 . 0  90 The second aspect of this reaction that is evident
«Glpc analysis. b THF: H20 = 2:1. e THF: H20 = 3:1. from these data is the dramatic variation in rate of reac

tion with increased branching in the olefin. Taft has
Oxymercuration is known to proceed in Hie Markov- reported that the rate of hydration of olefins of the type

nikov sense, that is, by placing mercury on the carbon RC(CH3)= C H 2 varies only slightly as R  is changed
atom which originally held the larger number of hy- from methyl (relative rate = 1.0) to ethyl (relative
drogen atoms. The apparent homogeneity of the iso- rate =  1-25) to ¿-butyl (relative rate =  1.0).21 In con-
lated mercurials, coupled with chemical determination trast T\ varies by a factor of about 500 from methyl to
of the positions occupied by -O R  and -H gX , form the ¿-butyl in the oxymercuration of ¿r(ros-RCH=CHCH3.
original experimental basis for this observation. Re- If thus appears that a rather large steric effect is oper-
cently Kiefer and Waters have determined the nmr able in the oxymercuration-demercuration reaction,
spectra of a number of isolated mercurials and have (The effect is smaller in the cis isomers.)
stated that the “methoxymercuration of all unsym- The distribution of the alcoholic OH group in the 
metrical olefins (which they studied) took place cleanly product between the two olefinic carbon atoms of the
in the Markovnikov sense.” 19 starting material also demonstrates the high suseepti-

We subjected the reaction mixtures obtained from 1- bility of this reaction to steric factors. The incoming
hexene, 3,3-dimethyl-l-butene, and 2-methyl-1-butene OH group becomes attached preferentially to the least
to careful glpc examination in order to determine quan- hindered carbon atom. The large preference of the
titatively the purity of the Markovnikov alcohol formed OH group for the 2 position with increased inaccessibil-
in the reaction. ity of the 3 position is obvious from comparison of the

The product from 1-hexene revealed the presence of relative amounts of 2-ol and 3-ol in either the cis- or the
0.5%  of 1-hexanol on oxymercuration under our stan- ¿rans-4-substituted 2-pentenes (Table VI). 
dard conditions. This alcohol was identified by its re- Herz and Gonzalez have recently reported that oxy- 
tention time. Addition of authentic 1-hexanol to the mercuration-demercuration of 5a-cholest-2-ene gives a
reaction mixture caused an appropriate increase in the 30:70 mixture of 2d- and 3a-cholestanols.22
size of the peak of this minor component. Epoxidation of several 5a-cholest-2-enes has resulted

Examination of the reaction mixture from 3,3-di- in the formation of the a-epoxides, indicating that the
methyl-l-butene revealed a peak corresponding to 3%  a  side is the least hindered side for such reactions.23
of the anti-Markovnikov alcohol product. Isolation of (2Q) (a) E BUlmann Chem Ber _ 35> 2571 (1902). (b) G F. Wright,
this material by preparative gas chromatography and j. Amer. Cftem. Soc„ 67,1993 (1935); (c) w. h. Brown and g. f . wright,
comparison of its ir and nmr suectra and glpc retention ibid., 62, 1991 (1940).

.  , ,  , - i  , - r .__j  (21) R . W. Taft, ONR Report, 1960, p 6, as quoted m P .B .D . de la Mare
time with those of an authentic sample idmtiiie 1 anq a  Boulton, “Electrophilic Additions to Unsaturated Systems,” Elsevier
3.3- dimethyl-l-butanol. Publishing Co., New York, N. Y., 1966, p 26.

There was less than 0.1%  2-methyl-l-butanol in the (22) J .  E . Hers and E. Gonsales, Ciencia (Mexico City), 26, 29 (1968);
. ,  _ Chem. Abstr., 69, 36347(7 (1968).

reaction mixture from 2-metnyl-l-DUtene. _ (23) (a) c. Djerassi, N. Finch, R . C. Cookson, and C. W. Bird, J. Amer.
Thus the oxymercuration-demercuration reaction Chem. Soc., 82, M8S (I960); (b) J .  F . McGMe, P. J .  Palmer, and M. Rosen-

barger, Chem. Ind. (London), 1221 (1959); (c) J .  A. Zderic, M. E , C. Rivers, 
(19) E . F . Kiefer and W. L. Waters, J. Amer. Chem. Soc , 87, 4401 (1965). and D. L. Liman, J. Amer. Chem. Soc., 82, 6373 (1960).
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T a b l e  VI
DISUBSTITUTED INTERNAL OLEFINS, RCH=CHR'

Yield of ------- Isomers, %-------.
Olefin Registry no. Ti Ti, hr alcohol, %° 2-ol& 3-olc

cts-2-Penlene 627-20-3 25 sec 0.25 93 64 36
frans-2-Pentene 646-04-8 50 sec 0.25 91 56 44
ds-4̂ Methyl-2-pentene 691-38-3 3 min 1.0 97 91 9
frans-4-Methyl-2-pentene 674-76-0 1 0  min 3.5 99 82 18
ds-4,4-Dimethyl-2-pentene 762-63-0 7 min 3.5 95 98 2
£ra»s-4,4-DimethyI-2-pentene 690-08-4 8  hr 16.0 91 95 5
cis-Propenylbenzene 166-90-5 45 min 24.0 77 8 8  12
£r<ms-Propenylbenzene 873-66-5 5.5 hr 24.0 55 30** 70
Cyclopentene 142-29-0 20 sec 1.0 91
Cyclohexene 110-83-8 55 sec 0.25 96
Cyclooctene 931-88-4 2 hr 3.0 8 8

“ Total yield of both positional isomers. b R C H 2C H O H C H 3. c R C H O H C H 2C H 3. d Value at 15 min, yield approximately 5 % - 
The per cent 2-ol gradually approaches that of the cis isomer.

T a b l e  VII
D is u b s t it u t e d  T e r m in a l  O l e f in s , R2C=CH2

Olefin Registry no. Ti Ti. hr Product Yield, % a

2-Methyl-l-butene 563-46-2 10 sec 0.08 2-Methyl-l-butanol 90
1.0 92

2,4,4-Trimethyl-l-pentene 107-39-1 3 min 0.30 2,4,4-Trimethyl-2-pentanol 87
Methylenecyclohexane 1192-37-6 10 sec 0.08 1 -Methylcyclohexanol 99
a-Methylstyrene 98-83-9 45 sec 0.17 2-Phenyl-2-propanol 95

° Glpc analysis.

Attack by the mercuric salt (or ion) on the least hin- establish exactly when the maximum yield of alcohol
dered a  side, followed by trans attack by water (diaxial has been attained.
addition) on the more hindered /3 side, would lead to the In order to circumvent this difficulty, the reaction 
minor product. fraws-Diaxial addition, initiated by was run using 20 ml of TH F for every 10 mmol of
mercury attack from the more hindered side, would olefin (2:1 T H F :H 20 ) . The maximum yield obtain-
give rise to the major product. Thus the product is able under these conditions was 71%. Increasing the
apparently determined by the relative ease of attack by amount of water to 20 ml/10 mmol of olefin (1:2 T H F :
water on the intermediate. H 20 )  merely displaced the curve toward longer reaction

The susceptibility of the oxymercuration-demer- times. The maximum yield (87%) was the same but
curation reaction to steric factors is indicated by these the time required to obtain this maximum was slightly
rather limited data. longer (~ 2 0  min).

Disubstituted Terminal Olefins, R2C =C H 2.—-These The reaction was also carried out at 0 -5°. In this
olefins can be oxymereurated to give quantitative yields case the yield of alcohol remained constant at the max-
of the corresponding tertiary alcohols in very short imum (~ 8 7 % ) for a relatively long time (Figure 1).
reaction times (Table VII). As mentioned previously, It thus appears as if the problem of undesirable side
the reaction mixture from 2-methyl-l-butene was ex- reactions (at least of the type observed here) for highly
amined in order to determine the amount of anti- substituted olefins can be circumvented by running the
Markovnikov addition, but no 2-methyl-l-butanol reaction at somewhat lower temperatures,
could be detected. Trisubstituted Internal Olefins, R2C = C H R .—A wide

Oxymercuration of 2,4,4-trimethyl-l-pentene pro- variation in reactivity is displayed by olefins in this
ceeds smoothly to give an 87%  yield of 2,4,4-trimethyl- class, ranging from rapid and quantitative reaction for
2-pentanol in 18 min. Longer reaction times have a 2-methyl-l-butene to relative inertness for 1-phenyl-
deleterious effect on the yield of alcohol. When the cyclopentene (Table V III).
reaction is allowed to proceed for 8 hr, the yield of al- The behavior of 2-methyl-2-butene and 2,4,4-tri- 
cohol drops to 25%. After 24 hr, the yield is only 1% methyl-2-pentene is quite similar to that of the iso-
(Figure 1). In contrast the yield of 2-methyl-2-bu- meric 1-olefins. The yield of 2-methyl-2-butanol from
tanol from 2-methyl-2-butene remains at about 93%  2-methyl-2-butene reaches a maximum of 94%  within
over a 24-hr period (Figure 1). Here again it appears 15 min and maintains this value for at least 24 hr
as if a highly branched substituent has a profound (Figure 2). The yield of alcohol from 2,4,4-trimethyl-
effect on the course of the reaction. 2-pentene reaches a maximum of about 70%  in 0.5 hr

Although the yield of alcohol in the case of 2,4,4-tri- and then decreases rapidly to 38%  in 8 hr and 4%  in 24
methyl-l-pentene is satisfactory, we have found that it hr (Figure 2). When this olefin was oxymereurated at
is difficult to reproduce the maximum yield. This is 0°, the yield of alcohol increased to 86%  and was
primarily due to the sharp maximum and the hetero- stable for several hours (Figure 2).
geneous nature of the initial stages of the reaction. 1-Phenylcyclopentene and 1-phenylcyclohexene are 
This causes the reaction to proceed somewhat faster in unreactive under our reaction conditions. Thus at
some cases than in others, and makes it difficult to the end of 4 hr the olefin is recovered unchanged.
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T a b l e  V I I I

T r i s u b s t it u t e d  I n t e r n a l  O l e f in s , R 2C =C H R
Olefin Registry no. Ti T ,: hr Product Yield, % °

2-Methyl-2-butene 513-35-9 20 sec 0.25 2-Methyl-2-butanol 9 4

2,4 4-Trimethyl-2-pentene 107-40-4 30 min 1 .5  2,4,4-Trimethyl-2-pentanol 72 (8 6  )6
1-Methylcyclopentene 693-89-0 20 sec 0 . 1 0  1-Methylcyclopentanol 9 3

1 -Methylcyclohexene 591-49-1 10 sec 0 .08 1-Methylcyclohexanol 100
1-Phenylcyclopentene 825-54-7 > 4  hr 4 .0  1-Phenyleyclopentanol 0

1-Phenylcyclohexene 771-98-2 > 4  hr 4 .0  1-Phenyleyclohexanol 0
“ Glpc analysis. 6 Reaction at 0°.

1 0 0  ——----------------------- ---- 1----- ----------— — ———| IOO ----------------- ---— I—■—- ..............—■ 1

□ —□ -------------------------------------------------- c n —□ ------------------------------------------ --- {

u. SO ■ i  50 •/ /

ill 3

o L ------------------------------ J------------— -------------— I 0 ______________________ .______________________
0 4 8 o 4 8

TIME, HRS. TIME, HRS.

Figure 1.—Comparison of the yield of alcohol in the oxymer- Figure 2.—Comparison of the oxymercuration of 2,4,4-tri-
curation of 2,4,4-trimethyl-l-pentene at room temperature, A, methyl-2-pentene at room temperature, A, and at 0°, O, with that 
and at 0°, O, with that of 2-methyl-1-butene, □. of 2-methyl-2-butene, □.

When 1 mmol of mercuric acetate was allowed to react (17%). The latter compound was partially reduced
with 10 mmol of 1-phenylcyclohexene for 8 hr (10 ml of under the reaction conditions to 3,3-dimethyl-2-butanol.
water, 10 ml of T H F), the yellow color did not dis- The diol and the secondary alcohol were isolated and
appear indicating that the reaction had proceeded less identified by comparison of their retention times and ir
than 10% in this length of time. and nmr spectra with those of authentic compounds

Tetrasubstituted Internal Olefins, R2C = C R 2.—The and with published spectra,
only olefin of this class which we studied was 2,3-di- The products indicate that oxidation takes place by 
methyl-2-butene. Under our conditions 2,3-dimethyl- ionization of the tertiary mercurial to the tertiary
2-butanol is obtained in 85%  yield in 15 min. As with carbonium ion,24 which then rearranges to the ketone or
the diisobutylenes previously discussed, the yield of reacts with water to form the diol.
alcohol decreases rapidly with time. After 8 hr, only
5%  of the alcohol remains (Figure 3). Reaction at 0° Conclusion
slows the secondary reactions and increases the yield of
alcohol slightly in this case also (Figure 3). The oxymercuration-demercuration sequence has

Investigation of the reaction mixture at the end of 8 been used to prepare the Markovnikov alcohol from a
hr clarified the course of the secondary reactions. The wide variety of olefins. It involves a simple procedure,
majority of the mercury was present as mercurous easily applied. It appears to be of wide scope, applica-
acetate, which precipitated from solution during the ble to a large number of structural types. 1-Phenyl-
course of the reaction, and which was identified by cyclopentene and -cyclohexene were the only olefins
comparison of its decomposition point (~ 2 7 0 °) and ir found to be unreactive. High molecular weight olefins
spectra with that of an authentic sample of mercurous react better in a less aqueous solvent, i.e., one in which
acetate. the proportion of TH F has been increased. Highly

There was 45%  of the olefin and 5%  of the tertiary branched (e.g., diisobutylene-1 or -2) or highly sub
alcohol. The products of Oxidation Were 2,3-dimethyl- (24) F R Jensen and R j Ouellette, J .  Amer. Chem. Soc., 88, 363, 367
2,3-butanediol (18%) and 3,3-dimethyl-2-butanone <i963).
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iooI— ---------------------- —>--------------------- --------- Experimental Section
ry _________________  Materials.—All olefins used were commercially available and

f C i Q  were used as obtained unless glpc or index of refraction data
A r  indicated inpurities.
M  Mercuric acetate (Mallinckrodt Chemical Works), mercuric
 ̂ I nitrate and mercuric oxide ( J .  T . Baker Chemical Co.), tri-
|X fluoro acetic acid (3M Co.), sodium borohydride (Metal Hydrides,

Inc.), and tetrahydrofuran (Fischer Scientific Co.) were used 
j  I \  without further purification. Mercuric trdluoroacetate was
© 6  ^  prepared by a variation6 of the method of Shearer and Wright.25

q  j \  Oxymercuration Procedure.—The general procedure and
© j \  _ various modifications have been discussed in appropriate places
«  in the text.
u. \  Analysis.—The alcohol products were identified by comparison
® of gas chromatographic retention times with those of authentic
_j \  samples of the alcohols. In several cases the products were
j-j isolated and compared with the known alcohols. Quantitative

determinations were made by adding a suitable standard to the 
reaction mixture after reduction by borohydride. Calculations 

' V  of yields were then made on the basis of relative thermal conduc-
tivities of standard and product as determined by integration of

n .  peaks obtained from a solution of standard and authentic alcohol.
Analyses were carried out on either an F  & M Model 300 chro
matograph or a Perkin-Elmer Model 226 chromatograph.

® ' --------- j Integrations were obtained by using either a disk chart integrator
or a Keuffel and Esser Co. planimeter.

TIME HRS
Registry No.— 1-Pentene, 109-67-1; 1-hexene, 592-

Figure 3.—Comparison of the oxymercuration of 2,3-dimethyl-2- 4 1 _0 . l-d od ecene, 112-41-4; l-o ctad ecen e , 112-88-9;
butene at room temperature, a, and at 0», o. 3,3-dimethyl-l-butene, 558-37-2; styrene, 100-42-5;

, , . , . ,, , ., , , , 2,3-dimethyl-2-butene, 563-79-1.stituted (e.g., tetramethylethylene) olefins are best run ’ J
at 0° to minimize side reactions. (25) D. a . Shearer and G. F . Wright, Can. J .  Chem., S3, 1002 (1955).

Factors Affecting Base-Induced Rearrangem ents of 
a-Chloro-a,a“diphenylacetamides

S. Sarel, J . T. K lug, and Aviva T aube

D epartm ent o f  P harm aceu tica l C hem istry, T h e H ebrew  U niversity S chool o f  P h arm acy , Je ru sa lem , Is r a e l

R eceived Septem ber 9, 1969

Effects of substituents and conditions on product distribution in reactions of N-substituted c*-chloro-a,a-di- 
phenylacetamides (Ia-Ie) with sodium amide in liquid ammonia, with liquid ammonia, and with aqueous am
monia are described. In liquid ammonia, in the presence or in the absence of sodium amide, the reaction leads 
to a product mixture consisting of two types of rearrangement products: (a) substituted ureas (V ila  and
V llb ) and N-substituted a-amino amides (VIb-VIe), and (b) one displacement product (Va-Ve). These results 
are discussed in terms of a multistage process involving the intermediacy of a reactive a-lactam which under
goes two modes of ring opening. Formation of corresponding oxindoles (III) from the reactions of I  in aqueous 
ammonia is also discussed.

Although a-chloro-a,a-diphenylacetanilide (Ic) was 0  C6H5
known since 1912,1 a more systematic study of its I r^ s'si______c6H5
chemistry has been realized only in the last decade. (C6H5))C^ ''NHQH5 [ I  ~
This development was induced by the endeavors aimed I
at synthesizing 1,3,3-triphenylaziridinone (a-lactam, C1 , 1,__
IX c) from the reaction of Ic with strong bases.2 1° 6 5 2 6 5

The reaction of Ic with sodium hydride in boiling
benzene3 was shown to yield a mixture of oxindole 0  q jj .
derivatives of structures II (predominant),4 III (minor), g u  || ______H
and Ic (in minute quantities).5 The formation of T  jT 6 5 [ |

(1) H. Klinger and G. Niekell, Justus Liebigs Ann. Chem., 390, 365 (1912). V - S i ' N i  (C ^ )2C  N ° 6 5
(2) Endeavors aimed at synthesizing IX c  from the reaction of Ic  with j IX c  I

strong base were unfruitful: (a) I .  Lengyel and J .  C. Sheehan, Angew, Chem., H  CgHg
In i. Ed. Engl., 7, 25 (1968); (b) J .  C. Sheehan and J .  H. Beeson, J .  Amer. -
Chem. Soc., 89, 366 (1967). (c) However, H. E . Baumgarten, R. D. Clark, I I I a , X  H  IV
L. S. Endres, L. D. Hagemeier, and V. J .  Elia [Tetrahedron Lett., 5033 (1967)] b jX  — OCH3
have reported that “ l-f-butyl-3,3-diphenylaziridinone does not appear to be
appreciably less stable thermally than the monophenyl a-lactam, 1-f-butyl- r  . . , .  . . 1 i , 1 •
3-phenylaziridinone [H. E . Baumgarten, et al., J .  Amer. Chem. Soc., 85, I X c  RS a n  i n t e r m e d i a t e  W RS i n v o k e d  t o  e x p la i n  t h e  
3303 (1963) ], although it is muck more reactive chemically.”  J c  —► II C o n v e r s io n .4

(3) S. Sarel and H. Leader, ibid., 82, 4752 (1960).
(4) S. Sarel, J .  T . Klug, E . Breuer, and F . D ’Angeli, Tetrahedron Lett., (5) J .  C. Sheehan and S. W. Frankenfeld, J .  Amer. Chem. Soc., 83, 4792

1553 (1964). (1961).
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T a b l e  I was achieved by fractional crystallization and/or by
R e a c t io n s  o p  a-CHLono-a,a-DiPHENYLACETAMiDEs column chromatography.

(Ia-Ie) w it h  S o d iu m  A m id e  Distribution of products resulting from the reactions
T NaNHr-NHj  ̂ rrrT of Ia -Ie  with sodium amide in liquid ammonia are

>  +  VI +  V II given in Table I. Table II summarizes the results
Substrate r in i -̂Product distribution, ,̂-, obtained in the reactions of Ia -Ic  with liquid ammonia

Ia H 20 70 under various conditions. The results obtained from
lb C6Hn 4  < 1  88 the reactions of Ia-Ie  in aqueous ammonia are assem-
Ic C«H5 18 19 49 bled in Table III. Tables IV -V III summarize the
Id p-CeHiOCH,, 43 19 28 melting points, ir spectra, and analysis of products
Ie ¡B-CelRSCbN(CH3)2 57 28 5 appearing in Tables I—III.

T a b l e  II
R e a c t io n  o f  a-CHLORo-a,a-DiPHENYLACETAMiDES w it h  A m m o n ia  u n d e r  V a r io u s  C o n d it io n s

(CbHs)̂  (CeHs)̂  (CeHs)̂  (CeHê -
(CeHs^CCONHR CCONHR CCONHR CCONHa CHNCONH2

I l I l l
Cl OH NHi N H R R

I  NHa Temp, °C NaNHi V VI VI V II

R = H Liquid —33 + ... 20 ... 70
R = H Liquid Room — ... 20 ... 79
R = H Aqueous Room — 20 75
R = C6H6 Liquid -33 + ... 19 18 49
R = C6H5 Liquid Room — ... 32 29 39
R = C6H5 Aqueous Room — 35 25
R = C,Hi, Liquid —33 + ... 4 1 88
R = C,Hn Liquid Room — ... 72 4 16
R = C8Hh Aqueous Room — 28 60

Of particular interest is the reaction of Ic with sodium T a b l e  III
amide in liquid ammonia, which was shown to provide R e a c t io n s  o f  a -C H L O R o-a,a -DiPHENYLACETAMiDEs
a mixture of three isomeric products, two of which (Ia-Ie) w it h  A q u e o u s  A m m o n ia

(Vic and Vile) must arise from rearrangement reac- nh.oh
tions, whereas the third one (Vc) seemingly constitutes I --------- >  V +  XX +  oxindole (III)
a displacement product.6 ' Product distribution, % ,

r™ . 1 1  . , i t  \ Substrate V X X  Oxindolelh e  present study was aimed at clarifying the base- Ia 20
induced rearrangement of a-halo amides into the corre- jb 60 2 8

sponding a-amino amides (VI) and urea derivatives Ic 2 5  3 5  1 0  (ilia)
(VII), and factors influencing the extent of these reac- Id 25 17 52 (Illb)
tions. The substrates (Ia-Ie) were prepared by allow- Ie ’29 63
ing a-chloro-a,a-diphenylacetylchloride to react with
a slight excess of the appropriate amine at low tem- Structural assignments were based on ir, nmr, and 
perature. _ _ mass spectral determinations, and in some cases also

The a-chloro amides listed above were exposed to by comparison with specimens obtained from inde- 
the action of (a) sodium amide in liquid ammonia at pendent syntheses.
- 8 3 ° ,  (b) liquid ammonia at 25° (autoclave), and The 1700-1500-cm -1 region in the ir spectra was
(c) concentrated aqueous ammonia at room tempera- proved to be of analytical interest. From the location 
tures. of the amide I and amide II absorption bands in the

The products from the reactions in sodium amide and spectra,7 it was possible to characterize the type of the
in liquid ammonia invariably comprised the respective amide (V or VI). Thus, secondary amide V shows very
displacement product V and the two rearrangement strong absorption at 1530 cm-1, owing to the bending 
products VI and VII. Separation of V, VI, and VII vibration of the N -H  (amide II band), whereas similar

absorption for the primary amide VI occurs at 1600
(C6H5)2C—CONHR —>- (C6H5)2C—CONHR + cm_1-

| | Mass spectra were shown to be an extremely valuable
Cl NH2 and reliable tool in the deduction of the structures of

1 v  the isomeric a-amino amides. In analogy to esters of
(C6H5)2C—CONH2 + (C6H5)2CH—N—CONH2 a-amino acids,8 we found that in all a-amino amides

the most abundant fragments are ions resulting from 
VI YU a  cleavage, as depicted below.

?> 5  = L  (C6H5)2C—CONRiR2 — > [(C6H5)2C=NR3R4] +
S ;r : c ® :  u  * * »  +  »
d, R = p-C6ir,OCH3 IN j i
e, R = »-C.iH4S02X(CH3), ------------- -

(7) L. J .  Bellamy, “Infrared Spectra of Complex Molecules,” Methuen, 
London, 1958.

(6) S. Sarel, F . D ’Angeli, J .  T . Klug, and A. Taube, Israel J .  Chem., 2, (8) K . Biemann, J .  Seibl, and F. Gapp, J .  Amer. Chem. Soc., 83, 3795
167 (1964). (1961).
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T a b l e  IV
P h y s ic a l  a n d  A n a l y t ic a l  D a ta  o f  ck- C h lo r o - gijíx- d ip h e n y l a c e t a m id e s

(C6H6)2CCONHR

¿ 1

I
,---------Caled, %--------- , *---------Found, % --------- >

Compd R Mp, °C C H N C H N ,------------------- Ir  (K Br), c m ''--------------------•

Ia  H 115 68.28 4.92 5.71 6 8 2 1  4.91 5 .66 3450 1680 1670 1590
lb  C6H„ 89-90 73.27 6.76 4 .27 73.54 6.91 4.33 3450 1667 1530
Ic C6H5 88-89 79.20 5.61 4 .62 78 94 5.45 4.39 3370 3340 1675 1530
Id p-C6H4OCH3 103-105 71.69 5.12 3.98 71 41 5.05 4.12 3440 3290 1690 1615 1530
Ie p-C6H4S02N(CH3)2 155-156 61.61 4.89 6.53 61 91 5.07 6.72 1660 1580 1530

T a b l e  V
P h y s ic a l  and  A n a l y t ic a l  D a t a  o f  a-HYDROXY-a,a-DiPHENYLACETAMiDES 

(C6H6)2CCONHR

Ah
X X

,------- Caled, %--------, ,--------- Found, %----------,
Compd R Mp, °C C H N C H N ,------------------- Ir (K B r), cm *---------------------

X X  a H 154-155 73.99 5.77 6.11 73.98 5.66 6.10 3450 3400 1680 1590 1550
X X b  C6Hh 151-152 77.64 7.49 4.53 77.73 7.51 4 .58 3320 1667 1665 1530
X X  c C6H5 177-178 79.20 5.61 4.62 78.94 5.45 4 .39 3370 3340 1675 1530
X X  d p-C6H4OCH3 183-184 75.65 5.74 4 .20 76.02 5.93 4.71 3370 3340 1710 1590 1530
X X e  p-C6H4S02N(CH3)2 198-199 64.38 5.40 6.83 64.38 5.65 7.28 3420 3340 1700 1530

T a b l e  VI
P h y s ic a l  a n d  A n a l y t ic a l  D a ta  o f  a-AMiNo-a,a-DiPHENYLACETAMiDES 

(C6H5)2CCONHR
I

n h 2

V
---------Caled, %--------- * /■---------Found, %--------- *

Compd R Mp, °C C H N C H N ,------------ Ir  (K B r), cm “»------------- ,

Va H 150-151 74.31 6.24 12.38 74.40 6.16 12.30 3400 3390 1675 1660
Vb CeHii 122-123 77.88 7.84 9.08 77.54 8.06 9.48 3340 1665 1640 1523
Vc C6H5 145-146 79.44 6.00 9.27 80.47 6.27 9.34 3370 1650 1600 1530
Vd p-C6H4OCH3 188 75.88 6.07 8.43 75.57 6.08 8.55 3400 1680 1600 1525
Ve p-C6H4S02N(CH3)2 193-194 64.53 5.66 10.26 64.49 5.69 10.67 3400 1690 1620 1523

T a b l e  V II

P h y s ic a l  a n d  A n a l y t ic a l  D a t a  o f  a-AMiNO-a,a-DiPHENYLACETAMiDES 
(C6H6)2CCOKH2

NHR
VI

---------Caled, %■--------- s ---------Found, %--------- ■,
Compd R Mp, °C C H N C H N ,------------ Ir (K B r), cm "'-------------

VIb C JIn  158-160 77.88 7.84 9.08 77.39 7.80 9.33 3470 3360 1680 1660 1600
V ic C6H5 183-184 79.44 6.00 9.27 80.56 6.24 8.77 3480 3360 1680 1600
VId p -C6H4OCH3 213-214 75.88 6.07 8.43 76.32 6.56 8.70 3410 3320 1670 1640
Vie p-C6H4S 0 2N(CH3)2 227-228 64.53 6 . 6 6  10.26 64.24 6.10 10.58 3420 3325 1690 1620

T a b l e  V III
P h y s ic a l  a n d  A n a l y t ic a l  D a ta  o f  S o m e  S u b s t it u t e d  U r e a s

(C6H6)2CHNCONH2

I
R

V II
.---------Caled, % --------- , ,---------Found, %--------- ,

Compd R M p ,“C C H N C H N -  -------------------Ir  (K Br), cm -1 ---------------------,

V ila  H 145-146 74.31 6.24 12.38 74.42 6.20 12.42 3448 3268 1678 1613 1563
V llb  C6Hii 167-168 77.88 7.84 9.08 77.62 8.00 9.30 3450 3320 1655 1590 1580
V ile  Cells 170-171 79.44 6.00 9.27 79.64 5.85 9.31 3460 3320 3140 1670 1610 1560
V lld  p-C6H4OCH3 177-178 75.88 6.07 8.43 76.15 6.10 8.90 3460 3320 1670 1640
V ile  p-C6H4S02N(CH3)2 216-217 64.53 5.66 10.26 64.61 5.85 10.27 3420 3320 3160 1670 1605 1590
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Thus, by determining the m /e  value of M — (CON- Vlld »  V ile On the other hand, formation of the
R iR 2), one can infer the nature of the substituents on unrearranged a-amino amide increases in the same or-
the a  nitrogen. Abundances of the most significant der, viz., Vb <  Va ~  Ve <  Vd <  Ve. The effect of
ions of the amino amides and the urea derivatives have substitution on the formation of the rearranged a-
been reported.9 amino amide VI is not so dramatic in the case of the

We observed that N-aryl-a-amino amides of struc- aryl series VIc-VId as in the case with VIb, which
tures (C6H6)2C(NHAr)CONH2 and (C6H5)2C(NH2)- is formed in less than 1% yield. This suggests that
CONHAr lend themselves to facile acid hydrolysis10 in the sodium amide catalyzed reactions the 1 —*• VI
to the corresponding a-hydroxy amides (X X ). This rearrangements are much less sensitive to polar effects
was advantageously utilized for characterization pur- of substitution than the I -*■ VII rearrangements. The
poses throughout.11 Whereas the hydrolysis of the displacement reaction I —► V, likewise, is highly sus-
more basic a-amino anilides V could be effected ceptible to polar characteristics of the substituent on
smoothly in aqueous media, the hydrolysis of the a- nitrogen in I.
andino amides VI is best achieved in 85%  alcoholic From the data assembled in Table II it is clear that 
solution. the rearrangement of I to VI and VII is effected by

faBt ammonia alone,18 although it requires somewhat higher
(CsHshCCONHAr------------ > (C6H5)2CCONHAr +  NH3 temperatures than in the presence of sodium amide.

H2° ’ HC1 qh  Whereas in the cases of la  and Ic, yields of the rear-
y 0_ye XXc-XXe rangement products VI and VII compare with the so-

glow dium amide reactions, yields of VIb and Vllb from the
la +  ArNH2 — > (CeH^OCONH,----------- >■ reaction of the least acidic amide, lb, drop dramatically

| Eton, hci ^ sodium amide is excluded from the reacting system.
YLcVle In view ab°ye we deemed it of interest to

investigate the behavior of Ia-Te in concentrated aque- 
(CsHshCCONIR +  ArNHi ous ammonia at room temperature. The results are 

OH summarized in Table III. It can be seen from this
XXa table that the rearrangements of the types I VI

and I VII were not observed. The displacement 
In addition, the a-N-arylamides VIc-VIe were inde- reactions, forming a-hydroxy acetamides (I -+■ X X )  

pendently synthesized by treating a-chloro-a,a-diphe- ancj a -amino acetamides (I —► V), are predominant, 
nylacetamide (la) with respective aromatic amine.6 The X X  to V ratio is greater than one, where R  =

Structural assignments of substituted ureas VII aryl, and considerably smaller than one in the case
were derived from their pyrolysis into cyanuric acid where R = H or C6Hs. T h e  most striking difference 
and the corresponding N-benzhydrylatnine derivative12 between these two groups of substrates (with the exclu-
(VII -  X X I) , which were also obtained by way of sion of the electron-deficient Ie) is noted in the product
alkaline hydrolysis of VII (V II-» -IX ). composition. Compounds Ic and Id give rise to oxin-

pyroiysis dole derivatives, I l ia  and 5-methoxy-3,3-diphenyl-
(CeHACHNHR < ------------VII — > (CelhhCHNfflt oxindole (Illb), in 10 and 51.4%  yields, respectively.

X X I XXI 5-Methoxy-3,3-diphenyloxindole (Illb) was conve-
These amines (X X I) were characterized by compari- niently obtained, in good yield, also by thermal dehy

son with specimens produced independently from the drochlorination (250 ) of Id. This is in parallel to the
reaction of benzhydrylbromide with the appropriate thermal conversion of Ic into Ilia . Klinger1 assigned
amine a hexaphenyldiketopiperazine structure to the product

We noticed that substituted benzhydryl ureas of similarly obtained by heating Ic (neat) at 250 . This
structure VII lend themselves easily and selectively assignment is proved to be erroneous, and the correct
to acid hydrolysis, engendering benzhydrol and the structure of the product is Ilia .
respective monosubstituted urea X X II . We took If 1S most likely that the I — VI and I -»- VII rear- 
advantage of this reaction for further characterization rangements proceed via a common intermediate of an 
of the urea derivatives VII a-lactam structure. Possible mechanisms for the

reaction are described in Charts I—III.
VII (C6H5)2CHOH +  RNHCONHi Mechanisms 1-3 depict the I VI +  VII rearrange-

mo XXII ment as a multistage process, involving an initial 1,3-
. ,. . ., elimination stage to form a true a-lactam, followed by

From Table I it can be seen that the effect of sub- nucle hilic attack on carbonyi carbon to give X , which
stitution on the amido nitrogen in the substrates is in tum  und ri opening to give VI and VII.
reflected most significantly by the product distribution. MechanisticalIy, they repreSent three different routes
Thus the percentage of the corresponding urea deriva- , ,• • ,•
tives decreases in the order Vllb >  V ila  >  V ile >  Mechanism 1 is an intramolecular SN2-type dis-

(9) (a) E . Breuer, S. Sarei, A. Taube, and J .  Sharvit, Israel J .  Chem., 6, plSrCGHlGIlt w l l i c l l  COuld. 8ilsO l8ibGlG(Ì & S n Ì prOCGSS.
777 (1963); (b) A. Taube, Doctoral Dissertation, The Hebrew Uni- The best analogy appears to be the Ramberg-Backlund

e(10) Cf. (a) R . N.’ Lacey, J .  Chem. Soc., 1933 (1960); (b) A. G. Davis and r e a c t i o n  o f  a -b r O m O  S U lfo n e .14
J .  Kenyon, Quart. Rev. (London), 9, 203 (1955).

(11) J .  T . Klug, Doctoral Dissertation, The Hebrew University of Jeru- (13) Cf. S. Sarei, A. Taube, and E . Breuer, Chem. Ind. (London), 1095
salem, 1965. (1967). See also ref 2c.

(12) (a) T . Mukaiyama, M. Tokiazawa, and H. Takei, J .  Org. Chem., 27, (14) L. Ramberg and B . Baeklund, Ark. K em i Mineral Geol., 13A, No.
803 (1962); (b) T . Mukaiyama, H. Takei, and Y . Koma, Bull. Chem. Soc. 27 (1940). S e e F . G. Bordwell and J. M. Williams, Jr ., J .  Amer. Chem. Soc.,
Ja p .,  36, 95 (1963), and references cited therein. 90, 435 (1968), and references cited therein.



C h a r t  I solvolysis to form a carbonium ion X V III, which gives
M e c h a n is m  1 an ^Etct-am species X IX . This mechanism, although

it appears to be likely in displacement reactions occur- 
0 ring in aqueous ammonia (I —► V +  X X ) , seems unlikely

+ N in the sodium amide induced rearrangements, since it
NH3 + I =?==*■ (CSH5)2CT ^N—R —  - > gives no role to the base.

+H+ IQ The attachment of ammonia to a-lactam carbonyl
to form a dipolar adduct X  is invoked to explain sub- 

VIII stituent effects in the sodium amide catalyzed rear-
0  rangement of I into VI and VII. Two modes of ring
II 0 ^  ,̂NH:! opening are envisaged for the ammonia adduct: (a)

ti x NH3 , n i r x m o d e  a, which pursues the route X  X I I  —*■ V II ; and(C6H5)2C— NR —  (C6H5)2C NR (b) :node b) which foUows the X  _  X I  _  VI route.

X The inductive effects of the substituents on nitrogen
0 . are expected to increase yields of urea derivatives inproton r  47

a _ II + transfer b the order Vllb >  V ila  >  V ile >  V lld >  V ile (mode a),
X —> (CGHrj)2CNCNH3 *■ VII, X —<► and likewise to decrease yields of VI (mode b), which

r  was found to be the case.
Xjj It  is not possible to estimate the yield of Via from

0 . the reaction of la, since Via is identical with Va, whichproton ;  , ’
II + transfer results from a displacement reaction. From another

(C6H5)2C C NH3 VI study described in a following paper,17 it is inferred that
Nr  Va originates mainly from the la  -+■ X  —► X I  —*■ Va

route.
x * The low yield (15%) of V llb from the reaction of

C h a r t  II 

M e c h a n is m  2 

0 0 “
H + I Q

VIII (qh^ c^ nr (C6H5)2C/C ^NR —  (C6H5)2C ^ C = N R
+

XVXIII XIV

] nh3 |nh3

IX 0 “
1 II—► XII —► VII I x x

IX —y X -  V  ---------------  (C6H5)2C^ ^NR (C6H5)2C = 0  + (RNC) ?

u  XI ^ VI . W
XVI

In mechanism 2 considerable positive charge is lb in the absence of sodium amide in liquid ammonia,
developing at the a  carbon atom as the chloride ion compared with the yield (88%) from the sodium amide
dissociates from the anion VIII to form dipolar ion catalyzed reaction, is believed to be due to the low
X III  -XIV, believed to be invoked by tv participation, acidity of the amide group in lb.
transforming into a true a-lactam form or into the This amide (lb) is the least acidic substrate, relative 
oxazirane form (XV). Formation of benzophenone to la  and Ic le. It requires a stronger base for the
in the reactions of la  and lb most likely arises from the 1,3-elimination stage (mechanisms 1-3) to form the a - 
fragmentation of the thermolabile X V .2 This is in lactam intermediate. As a consequence, the competing
analogy to the mechanism of the Favorskii rearrange- displacement reaction (lb — Vb) via mechanism 4 be-
ment of a-halo ketones.16 com.es prominent.

Mechanism 3 is a concerted 1,3 elimination giving an Lack of rearrangement in the reaction of I in aqueous
a-lactam intermediate. Although this possibility can- ammonia probably originates from the differences in
not be ruled out for our systems, no evidence in its basicities between liquid ammonia and aqueous am-
favor could be found in the analogous Favorskii re- monia. Most amides, having p X a values of 14-34, 
arrangement.16 will behave as neutral substances in aqueous ammonia

Mechanism 4 is based on the assumption that the but will exhibit acidic properties in liquid ammonia,18
role of the base is to establish an amide-imidol equilib
rium,16 and that the allylic system X V II undergoes inke''0ne8: G. E. K . Branch and M. Calvin,” The Theory of Organic Chem-

& istry.” Prentice-Hall, Inc., Englewood Cliffs, N. J . ,  1945, p 288-289.
(17) S. Sarel, A. Taube, and E . Breuer, forthcoming paper.

(15) F . G. Bordwell, R . G. Scamehorn, and W. R , Springer, J .  Amer. (18) H. Smith, “Organic Reactions in Liquid Ammonia,” Interscience
Chem. Soc., 91, 2087 (1969), and references cited therein. Publishers, New York, N. Y ., 1963, See also R . C. Paul in “New Pathways

(16) The calculated value of AH for the amide -*• im idol change is + 1 0  in Inorganic, Chemistry,” E . A. V. Ebsworth, A. G. Maddock, and A. G.
kcal/mol, compared with + 1 8  kcal/mol obtained for the keto —*■ enol change Sharpe, Ed., Cambridge University Press, New York, N. Y ., 1968, p 233.
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C h a r t  I I I  hydrochloride salt, mp 199°, by passing dry hydrogen chloride
into an ethereal solution.

M echanism 3 N-Cyclohexylbenzhydrylamine hydrochloride, mp 269-270°,
|Cl was obtained in 50% yield from the addition of phenylmagnesium

■ V| bromide to N-cyclohexylbenzalimine,21 in a manner described
H3N +  '  H^;IS% ^C(C6H5)2 — *• NH4C1 +  IX — ► above. The picrate melted at 185-187°.

R G N-(p-Anisyl)benzhydrylamine was prepared in 72% yield by
II treating benzhydryl bromide ( 1 0  mmol) with p-anisidine (2 0

0  mmol) in boiling benzene for 20 hr. The oily, crude product was
j  chromatographed on an alumina column with benzene as eluent

j-  __ ^ y j , y j j  and finally isolated as its hydrochloride salt, mp 198-199°
(lit. 22 mp 194°).

A n a l. Calcd for C20H20CINO: C, 73.7; H, 6 .1 ; N, 4 .3 . 
M e c h a n is m  4 Found: C, 73.6: N, 4.4.

I  N4-(Benzhydryl)-N1-dimethylsulfanylamide.—p-Aminoben-

t
zene-N,N-dimethylsulfonamide was obtained in 72% yield ac- 
NHs cording to the literature, 23 mp 170-171° (prisms from ethanol).

„ „  ttq OH The titIe oomFound was prepared in 63% yield by allowing a
I | 11 mixture of p-aminobenzene-N,N-dimethylsulfanylamide (9.5

(l A J, mmol), benzhydryl bromide (10.5 mmol), and triethylamine
(C6H5)2C^ ^NR 1— ► (CsHsXC^+^NR (C6H5)2C^-^N R (3  ml) in drX dioxane (50 ml) to stand at room temperature for

j ' ' J " 1 week. Colorless prisms were obtained from chloroform, mp
Cl 209-210°, ir (KBr) 3350 and 1580 cm-1.

-vwttt vrv  A n a l- Calod for C21H22N2O2S: C, 6 8 .8 ; H, 6.0; N, 7.7.
x v u  x v m  XIX Found: C, 69.1; H, 6.2; N, 7.7.

|NH Cyclohexylurea, mp 205°, was prepared according to the litera-
t  3 _H+ ture . 24

0  OH Preparation of a-Chloro-a.a-diphenylacetamides.—All N-
¡1 I ,, substituted acetamides (Ia-Ie) were prepared by treating a -
C -H+ XL chloro-«,a-dipher.ylacetyl chloride25 with 2 equiv of amine in

(CeHE^C'’" NHR ■* (C6H5)2C ^N R  IX dry ether. 1 Physical and analytical data are listed in Table IV .
I + I Reaction of o-CIiloro-«,a-diphenylacetamides with Sodium

NH2 NH3 Amide in Liquid Ammonia.—a-Halo amides included in this study
y  were similarly allowed to react with sodium amide in liquid

ammonia. Physical and analytical data of the products obtained 
are given in Tables V I-V III. The following procedure is rep- 

the autoionization constant of which is c a .  10-32. resentative.
Aqueous ammonia is therefore too weak a base to play A- Reactlon °f Ic with Sodium Amide in Liquid Ammonia.— 
a role in 1,3-elimination reactions as formulated in To a mixture of sodium.amide. (0 5  g, 0.0128 mol) in dry liquid 

, . ’ 0  TT , . . , , ammonia (70 mlj, Ic (3.2 g, (0.01 mol) was added with stirring
mechanisms 1—3. However, mechanism 4 could be during 5  min. Tile ammonia was allowed then to evaporate and
applied to explain the results summarized in Table III. the residue was neutralized with ammonium chloride (0.5 g).

Formation of a carbonium ion of structure X V III The resulting mixture was treated first with cold dilute acid and
(mechanism 4) is invoked to explain the formation of then extracted vuth ether, leaving behind 1.47 g (49%) of V ile,
o 0 j -  i , • j  i /ttt\ r ,, r T mp 170-171 . The nmr spectrum (CDC13) of V ile  exhibits a
3,3-diphenyloxmdoles (III) from the reactions of Ic m£ltiplet at T 5.08 (CONH2) and a multiple! centered at T 2.85
and Id  in aqueous ammonia. The reaction is Viewed (15 aromatic protons 4* benzhydrilic proton). Physical and
as an intramolecular cyclization process in which the analytical data for the corresponding compound are listed in
electron-rich p-anisyl substituent contributes to the Table V III.
h ig h  y ie ld  ( 5 1 % )  Of 5 -m e th o x y - 3 ,3 -d ip h e n y lo x in d o le  J ? .  the acidic filtra te , sodium carbonate was added and the 
„ i • r t  i r  / xl alkaline precip itate was filtered and crystallized from  ethanol,
f r o m  t h e  r e a c t io n  o f  Id , c o m p a r e d  w ith  n o n e  in  t h e  c a s e  yielding 0 .545  g (1 8 .1 5 % ) of V c, mp 1 4 5 -1 4 6 ° . P hysical and
of Ie . analytical data for corresponding compounds are listed in Table

V I.
OH The ethereal extracts were concentrated and the residue was

Ph I I i| crystallized from benzene-petroleum ether, providing 0.56 g
+ Ph Ph Jl  (18.5%) of V ic, mp 183-184°. Physical and analytical data for

Ph >> JL V ' + related compounds are listed in Table V II.
p || __ v PhHX __ 4  ~H , phA /  B. Reaction of lb with Sodium Amide in Liquid Ammonia.—•
L  J) /  \ /  \ Reaction B was carried out as described above. The solid residue

Y  \  \ _Y  left after the evaporation of ammonia was crystallized from
J?- /  /  chloroform-ligroin, affording 8 8 % V llb , mp 167-168°. The

X  X nmr spectrum (CDC13) V llb  exhibits a singlet at r 4.1 (one
■XVIK jjj benzhydrilic proton), a multiplet at t 5.5 (CONH2), and a

multiplet centered at r 2.65 (aromatic protons).
The mother liquor was chromatographed on an alumina column 

E xp erim en tal S ectio n  ( 1 0  g) and eluted with petroleum ether. The first fraction con
tained benzophenone (4% ), which was characterized as its 2,4- 

All melting points are uncorrected. The infrared spectra were dinitrophenylhydrazone. The second fraction contained only a 
recorded on a Perkin-Elmer Model 337 spectrophotometer. minute amount (less than 1%) of VIb, mp 158-160°, while the
Column chromatography was carried out using Hopkin & last fraction, eluted with benzene, contained Vb (4% ), mp 113-
Williams alkaline and neutral alumina. 114°.

N-Phenylbenzhydrylamine19 was prepared in 63% yield from 
the reaction of phenylmagnesium bromide with N-phenylbenz-
a lim in e20 in  bo ilin g  to lu en e (1 8 -h r reflu x) and co n v erted  in to  i ts  (2D E. D. Bergmann and S. Pinchas, Rec. Trav. Chim. Pays-Bas, 71,
---------------------  161 (1952).

(19) H. Gilman, J .  E . Kirby, and C. R. Kinney, J .  Amur. Chem. Soc., E l, (22) P. Grammaticakis, Compt. Rend., 210, 716 (1940).
2252 (1929). (23) E- L - Eliel and K. W. Nelson, J .  Org. Chem., 20, 1657 (1955).

(20) L. A. Bigelow and H. Eatough, “Organic Syntheses,’’ Coll. Vol. I , (24) O. Wallaeh, Justus Liebigs Ann. Chem., 343, 46 (1905).
John Wiley & Sons, Inc., New York, N. Y ., 1951, p 80. (25) J .  H. Bilman and P. H. Hidy, J .  Amer. Chem. Soc., 65, 760 (1943).
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Acid Hydrolysis of 1,1-Disubstituted Ureas. A. Hydrolysis derivatives X X d  and X X e. Physical and analytical data are
of Vile.—Compound V ile  (0.65 g, 2.15 mmol) was dissolved given in Table V.
in a 35-ml solution of hydrochloric acid (3%) in ethanol (60%). Reaction of Ic with Liquid Ammonia at —33°.—To a 100-ml, 
The mixture was refluxed for 4 hr and then concentrated to half three-necked flask equipped with a condenser suited for acetone-
of its volume. Hydrochloric acid (12%, 25 ml) was added and Dry Ice and a calcium chloride drying tube was introduced dry
the resulting solution was extracted with benzene. The organic liquid ammonia (60 ml). Powdered Ic (3.21 g, 0.01 mol) was
layer was evaporated and the oily residue was distilled under added in one portion and the reaction mixture was stirred for
diminished pressure to give benzhydrol (71%), bp 102-104° 10 hr. The ammonia was then allowed to evaporate and the
(0.4 mm). residue was extracted with benzene. The benzene solution was

A n a l. Calcd for C13H12O: C, 84.75; H, 6.57. Found: C, washed with three 15-ml portions of water, dried over magnesium
84.60; H, 6.72. sulfate, concentrated, and chromatographed on alumina column

The acidic aqueous layer was rendered alkaline and the result- (100 g). On elution with benzene, unchanged starting material
ing solution was concentrated. The precipitate formed was was obtained in 8.5%  yield, followed by X X c  (91%), mp 177—
filtered, giving 0.12 g (40%) of phenylurea, mp 147°. A mixture 178°. A mixture melting point with an authentic sample pre
melting point with a sample prepared according to the literature26 pared by the hydrolysis of Ic was not depressed, 
was not depressed. Reactions of a-Chloro-a,a-diphenylacetamides with Liquid

B. Hydrolysis of VHb, in a manner described above, yielded Ammonia at Room Temperature.— Reactions of I with liquid
cyclohexylurea, mp 201-205°, and benzhydrol (73%). ammonia at room temperature were carried out in an autoclave.

Base Hydrolysis of 1,1-Disubstituted Ureas. A. Hydrolysis The following procedure is representative. A mixture of Ic
of Vile.—A solution of V ile  (1.6 mmol) in 0.07 M  85% ethanolic (3.21 g, 0.01 mol) in liquid ammonia (50 ml) contained in a sealed
potassium hydroxide (35 ml) was refluxed for 5 hr and then tube was vigorously agitated for 48 hr. Ammonia was then
processed in the usual way. Crystalline N-phenylbenzhydryl- allowed to evaporate and the residue was extracted with benzene
amine, mp 170-171°, was isolated. Its hydrochloride had a and chromatographed on an alumina column (100 g). Elution
melting point of 199°, showing identity with an authentic with 1 : 1 benzene-petroleum ether gave Vc, mp 142-145°.
specimen. A mixture melting point with a sample obtained from the re-

B . Hydrolysis of VHb in the manner described yielded N- acticn of the same substrate with sodium amide was not de-
cyclohexylbenzhydrylamine, which was characterized as its pressed.
hydrochloride, mp 269-270°, and its picrate, mp 186-187°. Further elution with benzene gave Vic (28% ), mp 181-182°.

Pyrolysis of 1,1-Disubstituted Ureas. A. Pyrolysis of A mixture melting point with product obtained from the sodium
Vile.—Compound V ile  (0.6 g, 2 mmol) was heated to 250° for amide reaction was not depressed. The third fraction eluted by
10 min. The resulting melt was cooled and then extracted with chloroform afforded V ile, mp 170-171°, in 32.2% yield,
acetone (20 ml). The insoluble solid was crystallized from water, .Reaction of a-Chloro-a,a-diphenylacetamides with Aqueous 
yielding 0.065 g (75.5%) of cyanuric acid. Ammonia.—A mixture of I (0.01 mol) in concentrated aqueous

A n a l. Calcd for CsHsNaCL: C, 27.91; H, 2.34; N, 32.56. ammonia 20-23% , .(50 ml) was magnetically stirred during 1
Found: C, 28.08; H, 2.99; N, 32.64. week at room temperature. The solid which was deposited was

The acetone extract was evaporated, and N-phenylbenzhydryl- filtered, treated with dilute hydrochloric acid, and washed with
amine (X X I) was isolated as the hydrochloric salt, mp 199°. water. The dried solid was then crystallized from benzene-
A mixture melting point with a sample prepared as described was petroleum ether and identified as the respective a-hydroxy-a,a-
not depressed. diphenylacetamide derivative. The acidic filtrate was rendered

B. Pyrolysis of VHb was carried out in the manner described alkaline, and from it the corresponding o:-amino-a,a-diphenyl- 
above. From the pyrolysis of 1 g of VHb, 0.13 g (95%) of eya- acetamide derivative was isolated by filtration or by extraction 
nuric acid and 0 .8  g (94.5%) of N-cyclohexylbenzhydrylamine with benzene.
(X X Ib) were isolated. The latter was characterized as its Reaction of Ic with Aqueous Ammonia.—Fractional crystal-
hydrochloride and its picrate derivatives. lization of the solid obtained from the reaction of Ic with aqueous

C. Pyrolysis of Vlld.—From the pyrolysis of 0.5 g of V lld , ammonia gave the following products: (a) a-hydroxy-a,a-di-
cyanuric acid and 0.31 g of N-(p-anisyl)-benzhydrylamine were phenylacetanilide (X X c, 35%), mp 176-179°; (b) 3,3-diphenyl-
isolated. The latter was characterized as its hydrochloride, mp oxindole (Ilia , 10%), mp 228-229° (lit .6 mp 227-228°), ir
198-199°. _ (KBr) 3330, 1725, and 1680 cm-L

D. Pyrolysis of V ile.—The pyrolysis of V ile  similarly pro- From the filtrate, a-amino-a,a-diphenylacetanilide (Vic, 25% ),
vided crystals (from chloroform) of N1-dimethyl-N4-benzhydryl- mp 145-146°, was isolated.
sulfanylamide, mp 208-209°, identical in all respects with an Thermal Conversion of Ic into 3,3-Diphenyloxindole (Ilia ).—
authentic sample. The reaction was carried out according to Klinger and Nickell. 1

Hydrolysis of Vic into a-Hydroxy-a,cr-diphenylacetamide Compound Ic (1 g) was heated gradually to 230° during 1 hr.
(XXa). Compound Vic (0.53 g, 1.75 mmol) was dissolved in Evolution of hydrogen chloride began at 150° and ceased at the
a solution of hydrochloric acid (6 %) in ethanol. The resulting end of the experiment. The cooled melt was crystallized from
mixture was refluxed for 2  hr, the solvents were evaporated, and benzene, yielding colorless prisms (85%), of mp 226-228° (lit . 1

the residue was extracted with chloroform. The dried chloro- mp 225-226°). A mixture melting point with an authentic
form extract was evaporated and the oily residue was crystallized specimen of 3,3-diphenyloxindole (Ilia ) was not depressed,
from benzene-petroleum ether. a-Hydroxy-a,a-diphenylacet- Its ir spectrum was superimposable upon that of authentic I l ia ,
amide (X X a), 0.2 g (50%), was obtained, mp 152-154° (lit. 27 The assigned hexaphenyldiketopiperazine structure1 for this
mp 154-155°). A mixture melting point with authentic sample product was not substantiated by molecular weight determi-
prepared by the hydrolysis of la  was not depressed. nation.

Hydrolysis of VId and Vie.—The hydrolyses of VId and Vie Preparation of 3,3-Diphenyl-5-methoxyoxindole (Illb ).— Com-
were similarly carried out  ̂to give a-hydroxy-a,a-diphenylacet- pound Id (0.5 g, 1.42 mmol) was heated to 250° for 5 min. Evolu- 
amide (X X a), mp 152-154 . _ tion of hydrogen chloride was observed. The melt was then

Acid Hydrolysis of V. A. Acid Hydrolysis of Vc into a -  cooled, benzene (10 ml) was added, and the resulting mixture was
Hydroxy-a,a-diphenyiacetanilide (XXc). Compound Vc (0.3 g, warmed on a water bath. The formed precipitate was filtered
1 mmol) was dissolved in dilute hydrochloric acid (15 ml) and and crystallized from ethanol or acetone. 3,3-Diphenyl-5-
the solution was refluxed for 10 min. The precipitate formed was methoxyoxindole, mp 259-260°, was obtained in a yield of 0.28 g
filtered, dried, and crystallized from benzene-petroleum ether, (62.5%), ir (KBr) 3400, 3240, 1710, and 1670 cm“1. The
giving a-hydroxy-a,a-diphenyl acetanilide (X X c), mp 177-178°. infrared spectrum was superimposable upon that of the product
A mixture melting point with a sample prepared by the hydrolysis obtained from the reaction of the same substrate with aqueous
of Ic was not depressed. ammonia.

B . Hydrolysis of Vd and Ve.—In a similar manner, Vd and A n al. Calcd for C2lH „N 02: C, 79.98; H, 5.43; N, 4.44. 
Ve were quantitatively hydrolyzed into the respective a-hydroxy Found: C 79.98' H 5.63' N 4.60.

Lonlof i 9 6^ t  ° rgani0 ChemiStry’” Lon!™  Green and Registry No.-N-Phenylbenzhydrylamine hydro-
(27) h . Klinger and o. standke, chem. Ber., 2 2 , 1214 (1889). chloride, 2101-21-5; N-cyclohexylbenzhydrylamine
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hydrochloride, 844-41-7; N-cyclohexylbenzhydrylamine 23522-82-9; Va, 15427-81-3; Vb, 23522-84-1; Vc, 741-
picrate, 989-12-8 ;p-aminobenzene-N-N-dimethylsulfon- 37-7; Vd, 23522-86-3; Ve, 23522-87-4; VIb, 15779-
amide, 1709-59-7; N-(benzhydryl)-N'-dimethylsulfa- 18-7; Vic, 741-38-8; VId, 23522-90-9; Vie, 23522-91-0;
nylamide, 23511-18-4; cyclohexylurea, 698-90-8; N- V ila, 724-18-5; Vllb, 741-68-4; Vile, 741-69-5; Vlld,
(p-anisyl)benzhydrylamine hydrochloride, 23511-20-8; 23568-88-9; Vile, 23568-89-0; X X a , 4746-87-6;
3.3- diphenyl-5-methoxyoxindole, 20367-84-4; la, 722- X X b , 17003-65-5; X X c , 5554-37-0; X X d , 20594-
96-3; lb, 797-73-9; Ic, 741-36-6; Id, 23522-81-8; Ie, 45-0; X X e , 23568-86-7.
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The mechanism of formation of 4-phenyl-2-tetralone from the reaction of 2-(N,N-dimethylamino)-l,4-diphenyl-
1,4-butanediol with acid was investigated. A number of potential reaction intermediates were synthesized.
These included l,4-diphenyl-3-buten-2-one, l,4-diphenyl-3-butene-l,2-diol, and l,4-diphenyl-l,2,4-butanetriol.
The first two of these compounds failed to give 4-phenyl-2-tetralone on treatment with hydrochloric acid. The 
triol did furnish 4-phenyl-2-tetralone in acid, but it was indirectly shown that the triol was not an intermediate 
in the reaction. A cyclic amino alcohol, 2-(N,N-dimethylamino)-4-phenyl-l-tetralol, afforded 4-phenyl-2-tetra- 
lone in high yield upon treatment with acid. Results of kinetic studies were consistent with intermediacy of the 
cyclic amino alcohol. Experimental data suggests a mechanism in which the cyclic amino alcohol undergoes 
dehydration to an enamine with subsequent hydrolysis to 4-phenyl-2-tetralone.

In a previous communication2 we reported the ceutical activity, many amino alcohols related to III
acid-catalyzed conversion of 2-(N,N-dimethylamino)- have been prepared; however, there are few studies
1.4- diphenyl-l ,4-butanediol (I) into 4-phenyl-2-tetra- dealing with the acid-catalyzed cleavage of these
lone (II). We now wish to report the results of compounds. Among the mechanisms8-6'7 which have

been suggested to account for the cleavage, two pro- 
OH X X posals merit attention. These are outlined in Scheme
i i  J  coned hci I- One proposal involves conversion of the amino

K V  reflux 3 hr
K J  NMe,0H [ f ]  S c h e m e  I

I 9 H OH

11 . A r ^ Y R" ------------------- ^ ----------- *  AiX / R"
experiments aimed at elucidating the mechanism of +NRR'
tetralone formation. I \ ^ nhrr' h ,o+ X

a-Aryl-fl-amino alcohols are known to undergo H /
cleavage to /3-keto compounds upon treatment with
strong mineral acids.3-6 In these reactions R  and R ' _HQ A r '^ \ U -R "  -h2o

OH
1  /R " .

+ H'NRR'
NRR' A 0 Ar J  ___________ hydrolysi*_________ „

III IV +Ij,RR'
H

may be either hydrogen or alkyl, while R "  may be
hydrogen, alkyl, or aryl. Because of their pharma- , , , . , , , ... . ,. , , ,

■’ & J alcohol into a glycol, either via displacement of amine
(1) To whom inquiries should be addressed. by neighboring hydroxyl and hydrolytic cleavage of
(2) (a) S. A. Fine and R . L. Stern, J .  O r g .  C h e m . ,  32, 4132 (1967). (b) resulting epoxide Or V i a  direct displacement of

In ref 2a 4-phenyl-2-tetralone was synthesized independently via intramolec- . .„±„„3  4 rpi 1„ „ „ „
ular Friedel-Crafts reaction of l,4-diphenyl-3-buten-2-one. An unexpected amine by Water.3'4 The intermediate glyCOlS are 
by-product, not reported previously in this synthesis, was 2-naphthol, iso- knOWn tO Undergo add-Catalyzed dehydration to
lated by extracting the crude product with sodium hydroxide followed by /3-aryl ketones or aldehydes. In the cleavage of
80“ ohnke and a . Schulze, C h e m .  B e r„ 75,1154 (1942). e p h e d r i n e  d e r i v a t i v e s  w i t h  c o n c e n t r a t e d  p h o s p h o r ic

(4) h. Auterhoff and h, j . Roth, Arch. Pharm. (Weinheim), 289, 470 acid the intermediate glycols were, indeed, isolated,
(1956)- m „ Du c1 „ . TT . „ „■ k i nottv riem but the mechanism of glycol formation has not been(5) P. T. Sou, B u l l .  F a c .  S c i .  U m v .  F r a n c o - C h t n o i s e ,  5, 1 (1935), C h e m .  . . , q
A b s t r . ,  so, 4463 (1936). convincingly resolved.

(6) In ref 5 enamines were isolated when /3-amino alcohols were treated
with PCls. (7) J> H* Fellman* N a t u r e ,  182, 311 (1958).
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S c h e m e  I I

OH OH A S .

______________________ - h ,q ________________ ^  i C  k /  a

K J  OH OH \-Me,NH k J  OH u ^ S,
V X VI

0H f^ x  i 11 f^ \  I

™  O hO ) I I  3,'cXtion _Me2NH i
3. cyclization tt

la VIII

OH OH OH A S
^ J v / N H M e ,  _H+

Q j k k j  (-Me,NH k J *  HNMe2

IX Xa

|-h2°

II

An alternate mechanism involves dehydration of me*hy 1 ammonium group. The other reactions in
the amino alcohol to an enamine, which is subsequently Schemes II and III involve straightforward dehy-
hydrolyzed to an aldehyde or ketone. 3-s However, drations and cyclizations. In order to reduce the
convincing experimental evidence for the intermediacy number of mechanistic possibilities, synthesis of
of enamines is lacking.6 various intermediates was undertaken.

A priori, several pathways seem plausible for the 
acid-catalyzed conversion of aminodiol I into tetralone Results
II. These may be conveniently arranged in sequences
involving nucleophilic displacements at the carbon The triol V was obtained as a mixture of stereo
atom bearing the dimethylammonium moiety (Scheme isomers upon borohydride reduction of the known 
II) or dehydration to enamines and subsequent hy- hydroxydione X IV .8 Likewise, the unsaturated diol
drolysis to ketones (Scheme III). The diols VI and VI was prepared from l,4-diphenyl-3-butene-l,2-dione

(X V ); the latter was generated via selenium dioxide 
oxidation of l,4-diphenyl-3-buten-2-one. The cyclic 

S c h e m e  II amino alcohol X  was synthesized by reduction of the
9 H + known amino ketone X V I9 with lithium aluminum

1. h + _ slow N H - h + y ;l hydride. For comparison purposes the quaternary
2. -hso> VI11 ' ” [  I ” ammonium salt X V II was prepared by treatment of

i h + I with methyl iodide.
2. "H,o The intermediates were characterized by their

”H+ |1 J 3 . - h + elemental analyses, infrared spectra, and, in the case of
VI, diagnostic chemical tests. The syntheses are 

+ summarized in Scheme IV.
Xi X^ ^  Ketone VII was inert to refluxing concentrated

L I  I hycrochloric acid; the unsaturated diol VI furnished a
gum which, although unidentified, was shown via 

/ A .  ir not to contain 4-phenyl-2-tetralone. The qua-
~l!‘°  I J  ternary ammonium salt X V II afforded no 4-phenyl-2-

tetralone. Both the triol V and the cyclic aminoYTtt ^
alcohol X  afforded 4-phenyl-2-tetralone on treatment 

jhydroiysis with hydrochloric acid. Infrared examination of the
/v . JL A  hydro|ysis , cyclization crude reaction product from V revealed the presence of

p || *■ FII *■ H a contaminant absorbing at 5 .9 5 /u; no such contaminant
+NHMe2 was observed in the crude products from X  and I.

XII In addition a model compound (XV III), embodying
the structural features of carbon atoms 1 and 2 in the 
aminodiol I, was subjected to concentrated hydro-

I X  and triol V could be generated from the corre- chloric acid and was found to be relatively unreactive. 
sponding protonated amino alcohols via epoxidation
and subsequent hydrolytic ring opening of the epoxides (8l H w Dudley and s Ochoa J Chem Soc 625 a933)
or by direct solvolytic displacement of the C-2 di- (9) S. Wawzonek and J .  Kozikowski, J. Amer. Chem, Soc., 76, 1641 (1954).
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S c h e m e  IV served to occur prior to any detectable elimination.
0  Hence the possible stereochemistry of the amino

X  X  NaBH, _ alcohols and polyols in the present case is unimportant,
Ij | /  || EtOH * V since all of their subsequent reactions occur in strongly
\ /  OH 0  (99%) acidic media.

XIV The formation of tetralone from triol V necessitated a
more definitive experiment in order to establish 

jj) whether V was actually generated from I under the
Seo2 NaBH| reaction conditions. Since trimethylamine is a weaker

dioxane*" I J  I ^tou^ VI base than dimethylamine, the former should be a
(89%) more effective leaving group than the latter. Hence,

XV (47%) if nucleophilic displacement of the dimethylammonium
0  OH group in aminodiol la  can occur, the trimethylam-

__ II NMe2 I NMe> monium substituent in X V II should be displaced with
||*| LiA1H 2 even greater facility. Because X V II is free to cyclize

—— v \ X ^ X  at C-4, the possibility of nucleophilic displacement at
Jl e er T C-2 in la  either before or after cyclization may be

l l ^ l  ( I I  ruled out, thus excluding the intermediacy of V and
K X  KX  IX .

XVI x  (69%) The high-yield acid-catalyzed conversion of cyclic
^  amino alcohol X  into 4-phenyl-2-tetralone and the

| (I I rates of tetralone formation from X  and from I (kx /k i
Mei — 2 at 110°) are consistent with a mechanism of

1 *" +NMe OH tetralone formation from I involving the intermediacy
J  3 of X , although the data cannot be considered pos

itive proof of such intermediacy. The fairly large 
XVII negative entropy of activation in the sequence I —►

II suggests the formation of a cyclic transition state 
()1I in the slow step. Hence, it seems likely that the rate-
I determining step involves intramolecular cyclization

3 c™cti > | T  | of the carbonium ion resulting from elimination of the
K X  NMe, 0x3 0  protonated C-4 hydroxyl group in I (Scheme III).

" <2% The high reactivity of cyclic amino alcohol X  toward
acid is somewhat surprising in view of the much lower 
reactivity of XV III. One factor which may con-

In excess 6 M  sulfuric acid at 110° the overall tribute to this difference is that the fused aromatic
pseudo-first-order rate constant of tetralone formation ring of X  has, in effect, an alkyl group ortho to the side
from amino diol I was found to be kj =  8.56 X  HR5 chain bearing the benzylic hydroxyl group. The
sec“ 1. The activation energy for the reaction was presence of this ortho substituent could inductively
determined by measuring the rates of the reaction at lower the activation energy for removal of the pro-
varying temperatures: E a =  26 kcal/mol. The tonated hydroxyl group by providing added stabiliza-
corresponding value determined for the entropy of tion I°r the resulting carbonium ion. In addition,
activation was AS 0*  =  - 1 1  eu. The rate constant steric factors may contribute to the high reactivity of
of tetralone formation at 110° from the cyclic amino X  toward acid. The formation of a stabilized benzylic
alcohol X  is fcx  =  1.74 X 10“ 4 se c-1. Excellent carbonium ion demands coplanarity of the aromatic
straight-line plots were obtained in all runs except for ring with the positively charged carbon atom and the
slight convex curvature in the initial stages of the two atoms directly attached to the latter. Examina-
reactions. lion of a molecular model of the carbonium ion de

rived from X V III reveals serious steric repulsion 
Discussion between the large alkyl substituent and adjacent ortho

hydrogen atom of the ring, thus rendering coplanarity
A -priori, the unknown stereoisomeric composition difficult. Experimental support for this behavior is 

of aminodiol I and of compounds V, VI, X , X V II, found in the solvolysis of a-phenylethyl chlorides,
and X V III would appear to curtail meaningful C6H5CHC1R, in 80%  aqueous ethanol, the relative
mechanistic conclusions. Fortunately, there is well- rates of solvolysis decreasing rapidly with increasing 
established evidence that optically active alcohols and size 0f R .14 The geometry of the half-chair con-
d-amino alcohols in which the hydroxyl groups are formation of X  is such that coplanarity of the aromatic
benzylic undergo rapid acid-catalyzed racemization.10- 12 r}ng and a developing benzylic carbonium ion is more 
In these alcohols and, indeed, even in some simple easily achieved than in X V III. Precedent for this 
sec-alkyl alcohols,13 complete racemization was ob- hypothesis is found in the fact that 1-chlorotetralin

„  „ . „  „ , undergoes ethanolysis at 25° more than 239 times(10) H. Bretschneiaer, K. Biemann, W. Koller, and H. Sachsenmaier, °  *T . , . ,
Monatsh. Chem., 8i, 3i (1950). faster than does 1-phenylethyl chloride.

(11) L. G. Schroeter and T . Higuchi, J .  Amer. Pharm. Assoc., 47, 426 
(1958).

(12) E . Grunwald, A. Heller, and F. S. Klein, J .  Chem. Soc., 2604 (1967). (14) G. Baddeley, J .  Chadwick, and H. T . Taylor, J .  Chem. Sac., 2405
(13) D. V. Banthorpe, “Reaction Mechanisms in Organic Chemistry,” (1954).

Vol. I I ,  Elsevier Publishing Co., New York, N. Y ., 1963, p 145. (15) B. Baddeley and J .  Chadwick, ibid., 368 (1951).
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E xp erim ental S e c tio n 16 ture was extracted three times with ether. The combined ether
extracts were washed twice with water and extracted three times

1.4- Diphenyl-1,2,4-butanetriol (V).—A rapidly stirred suspen- with 10% sodium carbonate. Evaporation of solvent from the
sion of 2-hydroxy-l,4-diphenyl-l,4-butanedione8 (2.54 g, 10.0 dried ether layer gave 17 g of recovered diphenylacetaldehyde
mmol) in 95% ethanol (25 ml) was treated with sodium borohy- (which could be recycled without purification in subsequent re-
dride (378 mg, 10.0 mmol). The mixture became warm. After actions with no reduction in yield).
stirring for 0.5 hr the mixture was diluted with water and the The stirred basic layer was carefully acidified with 2  N  sulfuric
ethanol was evaporated under reduced pressure, causing forma- acid and the resulting white precipitate was collected, washed 
tion of a white, semisolid precipitate. The aqueous mixture was thoroughly with water, and dried. Recrystallization from
extracted four times with ether and the combined ether extracts petroleum ether (bp 60-110°) gave white crystals (25.1 g, 44% ),
were washed with water. Evaporation of solvent from the dried mp 112-115° (lit .18 mp 114-115°).
ether extract left a nearly colorless gum (2.56 g). Upon cooling 4,4-Diphenylbutyric Acid.—A solution of 4,4-diphenyl-3-
overnight the gum became partially crystalline. Trituration butenoic acid (31.6 g, 0.133 mol) in absolute ethanol (200 ml)
with benzene containing a small amount of hexane followed by was hydrogenated over 1 0 % palladium-on-charcoal catalyst ( 1  g)
filtration gave a white, crystalline solid (858 mg). Recrystalliza- for 0.5 hr in a Parr apparatus. Filtration followed by evapora
tion from benzene-cyclohexane (1 : 1 ) gave small, white plates tion of solvent under reduced pressure left a colorless oil which
(734 mg): mp 122-124°; ir 2.95 m (s, broad, OH) and no car- crystallized on standing. Recrystallization from petroleum ether
bonyl absorption. (bp 60-110°)-benzene (10:1) gave white crystals (30.3 g, 0.126

A n a l. Calcd for Ci6H180 3: C, 74.39; H, 7.02. Found: mol, 95% ), mp 103-106° (lit. 9 mp 103-106°).
C, 74.16; H, 7.07. 2-(N,N-Dimethylamino)-4-phenyl-l-tetralol (X).—A solution

Evaporation of solvent from the benzene-hexane filtrate gave a of 2-(N,N-dimethylamino)-4-phenyl-l-tetralone (prepared via  a
colorless gum (1.58 g). Attempts to crystallize or distil the gum sequence9 starting with 4,4-diphenylbutyrie acid) (8 .6  g, 0.032
were unsuccessful: ir 2.95 /g and no carbonyl absorption. mol) was placed in the thimble of a Soxhlet extractor. A suspen-

A n a l. Calcd for Ci6Hi80 3: C, 74.39; H, 7.02. Found: sion of LiAlH4 (1 .0 0  g, 0.0264 mol) in anhydrous ether (100 ml)
C, 74.69; H ,7 .22. was refluxed so that the amino ketone was extracted into the

1.4- Diphenyl-3-butene-l,2-dione (XV).-—A mixture of sele- mixture. After 19 hr the mixture was cooled to room tempera-
nium dioxide (11.1 g, 0.100 mol), water (2 ml), and dioxane (70 ture and excess LiAlH< was decomposed by dropwise addition of
ml) was warmed until homogeneous. 1,4-Diphenyl-3-buten-2- ethyl acetate (3 ml) in ether (5 ml) followed by slow, cautious
one (22 g, 0.10 mol) was added and the mixture was refluxed with addition of water (5 ml). The mixture was filtered with suction
stirring for 4 hr. The supernatant liquid was decanted from and solid material was washed thoroughly with ether. The or-
precipitated selenium and solvent was evaporated from the filtered ganic filtrate was washed twice with water, twice with 1 0 %
solution under reduced pressure. The residual oil was distilled. Na2C 03, and again with water followed by drying (M gS04)
under vacuum, affording an orange oil, bp 150° (0.1 mm). Cool- and evaporation of solvent under reduced pressure, leaving a
ing the product for 2 days in a refrigerator caused it to solidify. yellow;-white solid (5.9 g, 69% ). An analytical sample was pre-
Recrystallization from petroleum ether (bp 30-60°) gave 1,4- pared by two recrystallizations from n-butyl ether, giving white
diphenyl-3-butene-l,2-dione (11 g, 47% ) as yellow needles: crystals: mp 130-146°; ir 2.87 m (OH) and no carbonyl ab-
mp 58.5-60° (lit .17 mp 54r-55°); ir 3.32 (aryl CH) and 6.05 m sorption.
(C = 0 )  and no aliphatic CH. A n a l. Calcd for C18H2;NO: C, 80.85; H, 7.92; N, 5.24.

A n a l. Calcd for Ci6Hi20 2: C, 81.39; H, 5.12. Found: Found: C, 81.06; H, 8.10; N, 5.17.
C, 81.30; H, 5.18. Attempted Reaction of l,4-Diphenyl-3-buten-2-one (VII)2a

1.4- Diphenyl-3-butene-l,2-diol (VI).—A stirred mixture of 1,4- with Hydrochloric Acid.—A mixture of the ketone (2 g, 9 mmol)
diphenyl-3-butene-l,2-dione (2.23 g, 9.45 mmol) and 95% etha- and concentrated hydrochloric acid (50 ml) was refluxed for 18
nol (25 ml) was treated with sodium borohydride (360 mg, 9.52 hr with vigorous stirring. The cooled mixture was extracted with
mmol). An exothermic reaction occurred; stirring was con- ether. Removal of solvent from the dried ether extract left a
tinued for 0.5 hr. After the addition of water (75 ml) the solu- light yellow solid which had an ir spectrum identical with that of
tion was made slightly acidic by dropwise addition of 5%  sulfuric starting material.
acid and extracted three times with ether. Solvent was evapo- Reaction of l,4-Diphenyl-3-butene-l,2-diol (VI) with Hydro
rated from the dried extract under reduced pressure, leaving a chloric Acid.—A mixture of the diol (524 mg, 2.18 mmol) and
colorless gum (2.01 g). Recrystallization from benzene- concentrated hydrochloric acid (25 ml) was refluxed for 3 hr.
petroleum ether (bp 60-110°) gave a white, crystalline solid, mp The cooled mixture was extracted three times with ether. The
60-90°. The compound decolorized a solution of bromine in combined ether extracts were washed with water, dried (Mg-
carbon tetrachloride. Upon treatment with periodic acid fol- S 0 4), and evaporated under reduced pressure, leaving an orange-
lowed by silver nitrate, the compound gave a white precipitate brown oil (425 mg), ir 5.95 fi (conjugated C = 0 ) .  There was no
of silver iodate: ir 2.80 (sharp, OH), 2.95 (broad, OH), 3.34, significant OH absorption and no absorption at 5.85 n, the C = 0
and 3.48 n (CH) and no carbonyl absorption. wavelength in 4-phenyl-2-tetralone.2a

A n a l. Calcd for Ci6Hi60 2: C, 80.01; H, 6.72. Found: Reaction of 1 ,4 -Diphenyl-l,2 ,4 -butanetriol (V) with Hydro-
C, <9.81; H ,6 .55. _ chloric Acid.—A mixture of the triol (11.2 g, 0.0433 mol, mix-

1,4-Diphenyl-l,4-butanediol-2-(N,N,N-trimethylammonium) ture of stereoisomers) and concentrated hydrochloric acid (300
Iodide (XVII). A mixture of 2-(N,N-dimethylamino)-l,4-di- ml) was refluxed for 3 hr. The cooled mixture was extracted
phenyl-1,4-butanediol2a (2.0 g, 0.70 mmol) and methyl iodide three times with ether. The ether extract was washed with
(2.0 ml, 3.2 mmol) was heated gently on a steam bath for 10 water, dried, and evaporated under reduced pressure, leaving an
min. After cooling to room temperature the mixture was tri- orange oil (11.0 g). Distillation under vacuum afforded a color-
turated with acetone (15 ml) and filtered by suction, affording a iess c,ii (6.09 g): bp 124-130° (0.02 mm); ir 5.83 (C = 0 )  and
white solid (1.43 g, 49% ), mp 214r-216°. 5.95 M (shoulder).

A n a l. Calcd for Ci9H26N 0 2I : C, 53.40; H, 6.13; N, 3.28; A portion of the product was reduced with sodium borohy- 
1,29.69. Found: C, 53.22; H, 6 .1 1 ; N ,3 .03; 1,29.64. dride to a crystalline substance, mp 110-118°, which, after re-

4,^4-Diphenyl-3-butenoic Acid. The procedure of Borsche18 crystallization from ethanol-water, was identified as 4-phenyl-
was employed with a modified work-up. Diphenylacetaldehyde 2-tetralol by melting point (118-121°) and mixture melting point
(50 g, 0.25 mol) was heated with malonic acid (30 g, 0.29 mol) (119-122°) with an authentic sample.
and pyridine (50 g) for 3 hr on a steam bath with occasional Similar experimental results were obtained when either the
swirling. The cooled reaction mixture was diluted with ice- crystalline isomer of the triol or'the gum was employed sep- 
water and acidified with 2 N  sulfuric acid. The resulting mix- arately.
___________  Reaction of 1,4-Diphenyl-l,4-butanediol-2-(N,N,N-trimethyl-

ammonium) Iodide with Hydrochloric Acid.—A solution of the
(16) Melting points were taken on a Thomas-Hoover Unimelt apparatus methiodide (1.43 g, 3.36 mmol) in concentrated hydrochloric

and are uncorrected. Infrared spectra were determined in CCU on a Beck- „ *j  /or i\ a  j  c 0  rrn „ _• , ___ ___TP 0 . , , V1 . , . acid ,25 ml) was refluxed for 2 hr. The reaction mixture wasman IK-8 instrument and were calibrated against the 6.23-/1 peak of poly- , . . ' , . . . , . .. -
styrene. Elemental microanalyses were performed by Galbraith Labora- C0° led t0  r00m temperature and extracted With three portions of 
tones, Inc., Knoxville, Tenn. ether. The ether extract was washed with water, dried, and

(17) P. Ruggli, P. Weis, and H. Rupe, Helv. Chim. Acta, 2 9 , 1788 (1946). evaporated under reduced pressure, leaving a trace of tarry
(18) W. Borsche, Justus Liebigs Ann. Chem., 526, 1 (1936). material.
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Benzene was added to the aqueous layer and water was re- washed thoroughly with ether) and evaporated under reduced
moved by azeotropic distillation. A suspension of saltlike, pressure, ultimately at 60-70°, until the weight of the flask re
white crystals, mp 163-178°, remained in the benzene. mained constant. The results of the experiments and a repre-

Reaction of 2-(N,N-Dimethylamino)-l-phenylpropanol sentative run are tabulated in Tables I and II .
(XVIII)19 with Hydrochloric Acid.—A solution of the amino
alcohol (1.02 g, 5.69 mmol) in concentrated hydrochloric acid .
(30 ml) was refluxed 3 hr, cooled, diluted with water, and ex- a a . >. i
tracted three times with ether. The ether extract was washed Representative R un. Raw K inetic Data from the
with water and saturated sodium chloride solution and then dried, Reaction of 2-(N,N-Dimethylamino)-4-phenyl-1-tetralol 
and the solvent was evaporated. The crude product (15 mg, (X) with 6  M  H 2S O 4

1.8%), a nearly colorless liquid, was identified as phenyl-2-pro- Isolated
panone by comparison of ir spectra and by literature analogies4’ 20 Amino Temp, Reaction time, 4-phenyl-2-
in which reaction of the same amino alcohol with phosphoric acid alcohol, mg °C ±  0.5° min tetralone, mg
or sulfuric acid gave phenyl-2 -propanone. 3 5 Q n o  1 5  1 0  4

Reaction of 2-(N,N-Dimethylamino)-4-phenyl-l-tetralol with ggg 11() 30 gg’g
Hydrochloric Acid.—A solution of the cyclic amino alcohol (500 „eg lin  fin 1 0 't Q
mg, 1.87 mmol) in concentrated hydrochloric acid was refluxed ’
for 2 hr and then cooled on ice. The oil-containing mixture was 152.4
extracted three times with ether and the combined ether extracts 350 110 120 191.1
were washed twice with water. Drying followed by evaporation
of ether under reduced pressure left a light yellow oil (365 mg, T able II
8 8 % ). The ir spectrum of the crude product was superimposable Graphically D etermined Pseudo-F irst-Order R ate
with a spectrum of authentic 4-phenyl-2-tetralone.2a A portion _ .
of the product was reduced with sodium borohydride to 4-phenyl- Constants and Activation Parameters for the
2-tetralol, identical in every respect with an authentic sample.2"- R eactions of Amino Alcohols I and X  with 6  M  H 2S O 4

Determination of Rates of Reaction of Amino Alcohols I and X Amino alcohol Temp, "C k, s e c 1
with 6 M  Sulfuric Acid.—A series of 50-ml flasks, each containing I 1 1 8  1.65 X 10“4
6  M  sulfuric acid (25.0 ml), were placed in an oil bath and the j  HO § 5 0  y  yp-s
bath was heated slowly to the desired temperature. After 1 hr j  -^05 5 38 X 10 “ 6

the amino alcohol was introduced into each flask and timing was ^  jjq  1 74 X 10“ 4
begun with a stopwatch. During the reaction the flasks were 
swirled occasionally and the temperature of the oil bath was main
tained within 0.5° of the desired value. At the end of the reac- It follows that (fcx/fcl)no° =  2.03. These data allow 
tion, ice-water (15 ml) was added and the flask was immersed in the graphical calculation21 of activation parameters: 
ice-water immediately. The cooled reaction mixture was poured p  _  oc u „ ] / m ni .  i Q t  =  _ i i  PI1 
into a 60-ml separatory funnel and extracted with ether (two 2 0 - a ’ 0 J *'
ml portions followed by a 10-ml portion). The combined ether
extracts were washed with water (10 ml) and saturated sodium Registry No. I, 14195-36-9; II, 14195-35-8; V, 
chloride solution (10 ml) and dried (MgS04). The ether solu- 19236-31-8; VI, 23885-33-8; X , 23885-34-9; XV,
tion was filtered into a tared flask (filter paper and MgS04 were 23885-00-9; X V II, 23885-01-0.

(19) S. Sugasawa, T . Yamazaki, M. KaAvanishi, and J . Iwao, J .  Pharm .
Soc. Ja p .,  71, 530 (1951). (21) A. A. Frost and R. G. Pearson, “Kinetics and Mechanism,” 2nd

(20) H. Takamatsu, ibid., 76, 1244 (1956). ed, John Wiley & Sons, Inc., New York, N. Y ., 1953, p 98 ff.

T itanium  Chloride Catalyzed Addition of Aziridine to  
Ketones. A Route to N-Aziridinylenamines1

Su C. Kuo and W. H. Daly

D epartm ent o f  C hem istry, L o u is ia n a  State U niversity, B aton  R ouge, L o u is ia n a  70803

R eceived October 31, 1969

Addition of aziridine to a series of cyclic ketones from Cs-Cg in the presence of TiCU and triethylamine pro
duced l,l-bis(aziridinyl)cycloalkanes, l-N-aziridinylcycloalkenes, l-N-(/3-chloroethyl)cycloalkylimine, and 1-N- 
(/3-aziridmylethyl)cycloalkylimine. The product ratio was dependent upon the ketone ring size and the ketone/
TiCU mole ratio. 1 -N-Aziridinyl-l-cycloheptene (10) and 1 -N-aziridinyl-l-cyclooctene were prepared in ~ 20%  
yield but no enamine could be isolated from cyclopentanone or cyclohexanone. l,l-Bis(aziridinyl)cyclopentane 
(2 ) and cyclohexane (3 ) were synthesized for the first time; previously reported bisaziridinyl derivatives were 
shown to be l-N-(/3-aziridinylethyl)cycloalkylimines. 3-N-Aziridinyl-l-cyclohexene (17) was prepared by the 
addition of aziridine to 3-bromo-l-cyclohexene in the presence of potassium hydroxide; treatment of this deriva
tive with strong bases at temperatures up to 150° failed to effect an isomerization to 1 -N-aziridinyl-l-cyclohexene.
All of the aziridine compounds decomposed at, room temperature to yield low molecular weight polyaziridines.
The structures of the derivatives were assigned on the basis of infrared, nmr, and mass spectral data.

Enamines are generally prepared by condensing cently White and Weingarten reported that titanium
aldehydes or ketones with secondary amines in aro- tetrachloride is a more effective drying agent for this
matic solvents and removing the water evolved by azeo- reaction; it appears to enhance the reactivity of the
tropic distillation. An alternate technique, which is carbonyl as well as scavenge the water.3 We have
more applicable to reaction mixtures containing low- utilized the activating influence of TiCU to prepare
boiling components, is to remove the water with an enamines derived from aziridine; i.e., we have prepared
inorganic drying agent such as CaCl2 or M gS04.2 Re- ^  L w ^  ,,Enamines„ A G. Cook, Ed„ Maroel Dekker, Inc„

(1) Presented in part at the 158th National Meeting of the American New York, N. Y ., 1969, Chapter 2.
Chemical Society, New York, N. Y ., Sept 1969. (3) R . A. White and H. Weingarten, J .  Org. Chem., 32, 213 (1967).
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Scheme I
P r o p o s e d  M e c h a n is m  p o r  A d d it io n  o p  A z ir id in e  t o  C y c l o h e x a n o n e  

\ ¥ \ - 0 H  + TiCl, —  ^ V ^ ~ V - 0 - T i C l ,  -Ef=A - + HO-TiCl,

A A A
6  7 3
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^  ^  e° TiCl3^ N — CH2CH2C1 \ n

4 L l>
\  8

N , ¥  Y7
X  I - ¥

\ H  IX  H

^ N — CH2CH—  NC]
5

1-N-aziridinylcycloheptene and -cyclooctene from the are treated with excess aziridine. Thus, l,l-bis(N-
corresponding ketones. Although we could not isolate aziridinyl) derivatives of ketones have not been reported
the enamines derived from cvclopentanone or cyclo- to date.
hexanone, this procedure enabled us to prepare 1,1-bis- A few aziridinyl enamines have been prepared by 
(aziridinyl)cyclopentane and -cyclohexane. addition of aziridine to activated acetylenes7 or by dis-

The reaction of aziridine with cyclic ketones was placement of an activated vinyl chloride.8 Both of
initially studied by Dornow and Schacht.4 They re- these procedures yield compounds with electron-with-
ported that cyclohexanone yielded 1-N-aziridinylcy- drawing substituents conjugated with the double bond
clohexanol when the two reagents were combined at which reduce the nucleophilic character of the enamines.
room temperature. After standing for several days, Since we are interested in the nucleophilicity of ena-
a mixture of cyclopentanone and aziridine afforded a mines, the preparation of unsubstituted aziridinyl
low yield of a diadduct, which was postulated to be enamines was undertaken.
l,l-bis(aziridinyl)cyclopentane on the basis of ele
mental analysis. The aminohydrin structure of the Results and Discussion
cyclohexanone derivative has been confirmed,5 but . . . . . .  . . ,.
the structure of the diadduct has not been challenged. The reac,tlon of azindine with cychc ketones m the 
We have prepared the diadduct according to the pro- Presence of titanium tetrachloride is complicated by
cedure of Dornow and Schacht and characterized the the susceptibility of the aziridine ring to nucleophilic
compound more completely. The nmr spectra exhibits attack. We have found that at least three types o
a pair of triplets between 5 2.5 and 3.5 which is indica- low-molecular-weight products as well as polymeric
tive of a /3- (N-aziridinylethvl) cyclopentylimine (1) aziridine derivatives can be isolated from the reaction
rather than the l,l-bis(aziridinyl)cyclopentane (2) mixture. For example, treatment of cyclohexanone

with excess aziridine yields l,l-bis(aziridinyl)cyclo- 
jT> hexane (3), N-(/?-chIoroethyl)cyclohexylimine (4), and

i— \__ I w  N-(/3-aziridinylethyl)cyclohexylimine (5) (see Scheme
j /  ® CH/'Hv N̂ J L _ /\  I). The nature of the products and the product

IjR distribution is dependent upon the ketone to TiCU
^  mole ratio, the ring size of the ketone, and the presence

of an efficient acid acceptor.
initially proposed. Recently, the diadduct derived The reaction of water with titanium tetrachloride 
from benzaldehyde was assigned a /J-(N-aziridinylethyl) produces hydrogen chloride which must be scav-
structure similar to l .6 Apparently the imine form of enged. In most cases, an excess of the amine compo- 
the diadduct is also favored when aromatic aldehydes nent is added to neutralize the HC1. However, aziri

dine polymerizes in the presence of acids, and compound
(4) a . Dornow and w. Schacht, CTiem.Ber., 82,464  (1949). 4  j s  ^ e  only low-molecular-weight component formed
(5) R . G. Kostyanovoskn, D okl. A kad . N a u k  S S S R , 135, 853 (1960); ,  ® ,

c h em . A bstr., SB, 12380a (1961). w. j . Raboum and w. L. Howard, j . Org. when TiCfi is added to a mixture of cyclohexanone and
Chem., 27, 1039 (1962). M. Lidaks and s. Hillers, Lata, psr zinat. Akad. aziridine. Obviously, neither aziridine nor polyethyl-
V ertis, 99 (1961). Chem . A bstr., 56, 4706t (1962).

(6) Y . Oshiri, K . Yamamoto, and S. Komori, Y u ki G osei K a g a k u  K y o k a i
S h i, 24, 945 (1966); Chem . A bstr., 66, 37706?/ (1967). M. Lidaks and S. (7) J .  E. Dolfini, J .  Org. Chem ., 30, 1298 (1965); A Padwa and L. Hamil-
Hillers, P u ti S in . Iz y sk a n iy a  Protivoopukholevykh P rep . Tr. S im p . K h im . ton, T etrahedron  Lett., 4363 (1965); B . Giese and R. Huisgen, ib id .,  1889
P rotivoopukholevykh Veshchestv, M , 193 (1960); Chem. A bstr., 58, 4531c (1967).
(1963). (8) H. W. Whitlock, Jr ., and G. L. Smith, ib id ., 1389 (1965).
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T a b l e  I

R e a c t io n  o f  Az ir id in e  w it h  C a r b o n y l  C o m p o u n d s

Mol of Wt of Yield4
ketone/mol Product mixt ------------- Composition of mixt, % “-------——> m»xt/10 g of bis

Run Ketone of TiCh bp, °C (mm) Bis Imine Cl Enamine of ketone adduct

1 Cyclohexanone 1/1 75-78 (6,2) 6 8  17.5 14.5 0 7 .9  37
2 Cyclohexanone 1/0.5 91-100 (4.4) 44 .4  55.5 0 0 4 .9  13.3
3 Cyclohexanone 1/0.25 89-95 (3.0) 19 81 0 0 5.1 5 .2
4 Cycloheptanone 1/1 90-95 (3.3) 29.2 0 37.2 33 .6 C 6 .1  11
5 Cycloheptanone 1/0.5 88-94 (2.8) 0 23.6 24.2  52.2 2 .2
6  Cyclooctanone 1/1 76-111 (2.5) 0 0 56.8 43. V  6 .0
7 3,3,5,5-Tetramethylcyclohexanone 1/1 100-106 (3.0) 24 0 61 17 1 .6  3
8  Cyclopentanone 1/1 82-81 (5.3 ) 6 8  0 32 0 11.5 43
9 Benzaldehyde 1/1 100-110 (3.1) 23 34 43 0 8 .2  11

10 Benzaldehyde* 1/1 103 (2.2) 0 0 100 0 2 .3
11 Benzaldehyde/ 1/0 136 (9.5) 0 100 0 0 3 .7
12 Cyclopentanone/ 1/0 85 (4.5) 0 100 0 0 0.15

a The weight percentages were based on nmr analysis of volatile product mixture. 4 Based on ketone or benzaldehyde used. * A 
yield of 17% based on the ketone used. * A yield of 21.5% based on the ketone usee. «No triethylamine present. '  Aziridine and 
aldehyde or ketone stirred at room temperature without catalyst.

enimine is basic enough to completely scavenge the runs 1-3 remains constant; i.e., in run 1, the formation
HC1. We have found that the addition of triethylamine of ROTiCh (1 mol) produces 1 mol of E tsNH+Cl ,
to the initial ketone-aziridine mixture enables us to and, in run 3, 1 mol of E t3+NHC1 would be produced
isolate a mixture of low-molecular-weight compounds if the formation of (RO)4Ti were sterically possible,
as the major product, but the polymerization cannot be Under these conditions one would expect the relative
completely inhibited. We surveyed several other acid concentration of 4 to remain constant if free chloride
acceptors including pulverized sodium hydroxide, attack on either intermediate 7 or 8 were the major
sodium carbonate, and pyridine; triethylamine was source of 4.
judged to be the most effective and most convenient. The titanate complex 7 could dissociate to produce a

The ketone to titanium tetrachloride mole ratio is an resonance-stabilized carbonium ion 8. , Nucleophilic 
important factor in controlling the product distribu- attack on the activated aziridine ring of 8 oy aziridine
tion. The data in Table I show that equimolar ketone would yield 5. The dissociation process would be
to TiCl4 ratios (run 1) favor the formation of the bis- favored sterically if more than one aminohydrm mo e-
aziridinyl derivatives as well as the N-(/3-chloroethyl)- cule were complexed with a molecule of titanium tetra-
imines. As the TiCl4 concentration is decreased, the chloride. This explains the increase in the carbonium 
concentration of N-(/3-aziridinylethyl)imines in the ion derived product 5, as the concentration ol titanium
product mixture increases until they become the pre- tetrachloride is reduced. We have shown that 4 cannot
dominant compound of the distillate (run 3). There be converted to 5 in the presence of excess aziridine
is a corresponding decrease in the overall yield of low- under these reaction conditions. Carbonium ion 8
molecular-weight products as the ketone to TiCh need not react solely at an azindmyl carbon with con
mole ratio is increased, so an equimolar stoichiometry comitant cleavage of the ring. Attack by aziridine
of ketone and TiCh is considered necessary for opti- on the cyclohexyl ring may contribute to the formation
mum yields of low-molecular-weight products. of 3. Chloride ions may also attack the tertiary car-

Mechanism of Aziridine Addition.-The data in bonium ion, but reiomzation of the «-chloramine
Table I can be rationalized by the following mech- formed precludes the isolation of the product bmee
anism (Scheme I). When cyclohexanone is mixed enamines could be isolated from this reaction only when
with aziridine in benzene, 1-aziridinylcyclohexanol the more sterically hindered cycloheptanone and cyclo-
(6) precipitates. Addition of titanium tetrachloride octanone substrates were employed, we believe that
converts the hydroxyl group to the more labile ti- the carbonium ion intermediate is also required for
tanium alkoxide derivative 7. A second mole of aziri- enamine formation. This hypothesis is supported y
dine can then displace the titanate leaving group to the presence ol an enamine component in
nroduee 1,1 -bis(aziridinyl)cyclohexane (3). High con- ular-weight products derived from 3 3,5,5-tetramethyI
centrations of TiCh relative to the aminohydrin sub- cyclohexanone (run 7), which should exhibit a strong 
strate will produce a minimum concentration of 7 and steric interaction between the titanate and aziridmy
thus favor Sn2 displacement by aziridine. Since the substituents of the intermediate analogous to 7 and
formation of N-(/3-chloroethyl)cyclohexylimine (4) is two axial methyl groups in the 3 and 5 positions
also enhanced by high TiCh concentrations, a concerted Spectral Characterization of the A^ndme Denva- 
displacement by a fhloride atom attached to titanium tiv es.-T h e  structures were assigned to the produ ts 
is probably ^ p red o m in an t reaction pathway leading on the basis of infrared nmr and mass spectral data.

* « 1 • “  —  P - i / « '  ”
at 3080 cm“ 1 along with strong bands at 1260, 840, and 

\  . . 810 cm“ 1 are consistent with the values reported for

N )  (9) We are grateful to a referee for suggesting this mechanism for the
z x  r  formation of 4k.
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N-substituted aziridines.10 Further, the imine deriv- the cycloheptene ring. The principle peak was found
atives 4 and 5 exhibited strong C = N  stretching bands at m/e 42, which corresponds to the aziridinyl cation,
at 1660 and 1670 cm-1, respectively. The most conclusive evidence for the structure of the

The mass spectra provide further support for the low-molecular-weight products was obtained from the 
structure of 3 and 5. Thus, bisaziridinyl derivatives nmr spectra. The aziridine rings in the bisaziridinyl
fail to yield molecular ions, but the cracking patterns derivatives 2 and 3 do not undergo rapid inversion;
are similar to those observed for the N-(/3-aziridinyl- therefore, two signals corresponding to the syn (3 1.12—
ethyl)imines. The major ions observed in the mass 1.32) and anti (3 1.60-1.80) protons11 are observed,
spectra of l,l-bis(aziridinyl)cyclopentane (2) and The cycloalkane protons appear as a complex multiplet
N-(fl-aziridinylethyl) cyclopentyl imine (1) are assigned centering around 5 1.45. No absorptions above 8 1.10
in Scheme II. The facile elimination of one aziridine or below 3 1.8 were observed. In contrast to the spec

tra of the bisaziridinyl derivatives, the spectra of both 
Scheme II the N-(d-chloroethyl)imines and the N-(/3-aziridinyl-

ethyl)imines exhibited complex multiplets below 5 1.8. 
These multiplets were assigned to the protons in the

I— > N ethylene group bridging the cycloalkane and aziridine
I V  i V=N — CH.CH,-— N/] .  rings (9). By comparing the spectra of several similar
—' jsj I derivatives, the low-field absorption (3 ~ 3 .5 -3 .7 )  was

L >  1, m/e 152 assigned to Ha. The higher field absorptions of Hb
2, m/e 152 | |- f  N

\ H<IJ- (CH2)„C=N— ch2— ch2— X
\  \  «  w  Ha Hb

\ M  r  -| 9 ,X  = C1,-N ]̂

\  [ ^)=N— CH,CH2+ _[CHi~ N:̂ ] were assigned to 3 2.45-2.5 for X  = aziridinyl and to
\ L _ 3 ~ 3 .5  for X  =  Cl. These assignments are consistant
\ / with those reported for N-(/?-chloroethyl)aziridine.12

'  The nmr spectra of the 1-N-aziridinylcycloalkenes
— . I— . + 1 exhibited a triplet 3 5.0, which is characteristic of the

} ^ < ]  -*-*■ V=NC] ethylenic proton on the enamine structure. This is
— ' 1—  one of the lowest downfield absorptions we have observed

m/e 110 for an enamine ethylenic proton; it probably reflects
a minimal interaction of the electron pair on the aziri- 

1 1 dinyl nitrogen with the olefinic ir electrons. It  is also
j )= N — CB, *-+■ \ = n=CH2 interesting to note that the absorption of the protons on
I— ' I— ' the aziridine ring appears as a singlet, which coincides

m/e with the cycloalkane protons. The nitrogen inversion
is occurring too rapidly at room temperature to observe 
syn and anti conformers. The broad multiplet 3 ~ 2 . 10 

ring from compound 2 would be expected for a bis- jg ¿ ue i 0  the allylic protons on the cycloalkene ring,
aziridinyl derivative, for this produces a stabilized ter- Reactivity of the Aziridine Derivatives.—All of the 
tiary carbonium ion and probably relieves some steric compounds decomposed when stored at room tempera-
strain. This effect is amplified in the cyclohexyl deriv- ture. The initial distillates darkened rapidly, and
ative. The principle peak in the spectrum of compound low-molecular-weight polyaziridine derivatives began
3 occurs at m/e 124 (M — 42), and no larger ions can be to precipitate. The polymerization is probably ini-
observed. Compound 1 was prepared by the procedure tiated by the quaternary ammonium salt formed by
of Dornow and Schacht to avoid contamination by the the addition of N-(d-chloroethyl) cycloalky limine to
/3-c loroethyl derivative. The spectrum of this com- the bisaziridine component. Most of the polymers
Pj j  c y indicates the stability of the linear di- were insoluble in polar as well as acidic solvents which
adduct. The molecular ion as well as the ions produced indicates that a cross-linked network had formed.

y a stepwise loss of methylene groups are present in Efforts to remove the N-(|8-chloroethyl)cycloalkyli-
re atively high concentrations. A similar cracking mines by distillation and chromatography failed. How-
Pa . ern °kserved for N-(/3-aziridinylethyl)benzal- everj when piperazine was added to the reaction mix-
lmme. The mass spectrum of 1-N-aziridinylcyclohep- ture to convert the d-chloro derivative to a piperazinium
tene was consistent with the enamine structure. A salt; pure bis(aziridinyl)cycloalkane could be isolated,
s rong molecular ion at m/e 137 confirms the stability The purification of 1-N-aziridinyl-l-cycloheptene was
o the monosubstituted cycloalkane. The cracking effected by the same technique.
pa tern in leaded t at initial decomposition occurred The nucleophilic character of the aziridinyl enamines 

y oss or either ethylene or aziridine followed by a was ascertained by allowing them to react with phenyl
complex fragmentataon, leading to a series of ions from isocyanate in acetone. 1-N-Aziridinvl-l-cycloheptene
79 to 83 with similar mtensiries These were probabty (10) yielded a mixture of 2-aziridinyl-l-cyclohep-
generated by the loss of several hydrogen atoms from tene-l-carboxanilide (11), 2-aziridinyl-l-cycloheptene-

1,3-dicarboxanilide (12), cycloheptan-2-one-l-carbox- 
« PVnnsi ai d C' Glockler’ ’ ■ Amer- Chem- anilide (13), and cycloheptan-2-one-l,3-dicarboxanilideooc .r 73, ¿028 (1951). K . W. Hitchell, J .  C. Burr, Jr .,  and J . A. Merritt,
Speclrochim. Acta, 23A, 195 (1967). J .  Tempe, C. R. Acad. Sci., Paris, 259, (11) S. J .  Brois, J .  Amer. Chem. Soc., 89, 4242 (1907).
1717 (1964); Chem. Abstr., 62, 1204 (1965). (12) p. L. Levins and Z. B. Papanastassiov, ibid., 8T, 826 (1965).
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(14). The reaction mixture was hydrolyzed with etha- amide in liquid ammonia, or sodium metal. Since
nolic hydrochloric acid to yield 13 and 14, which were the aziridine ring is known to be resistant to strong
identical with the compounds obtained from the addi- bases, we did not anticipate any problems in isomerizing
tion of phenyl isocyanate to 1-N-pyrrolidino-l-cyclo- aziridine derivatives. We prepared 3-aziridinyl-l-cy-
heptene followed by acid hydrolysis. Treatment of clohexene (17) by allowing aziridine to react with 3-
1-N-aziridinyl-l-cyclooctene with phenyl isocyanate bromo-1-cyclohexene in the presence of powdered po-
afforded a mixture of mono- and diadducts as well as tassium hydroxide. Initially, we attempted to run
three minor components which were not identified. the reaction at 0° in methanol, but no reaction occurred.

Nonprotic solvents, such as nitrobenzene or chloroben- 
N NCQ zene, produced low yields of the desired product, but

0 'j ~'J  the best solvent for the reaction proved to be tetralin.
Although complete removal of the tetralin is extremely 

+ O  v difficult, 60% yields of 3-aziridinyl-l-cycloheptene con-

1Q taining 15-20%  tetralin could easily be obtained. Un
fortunately, all attempts to isomerize this mixture to 

'W7 1-N-aziridinyl-l-cyclohexene failed. The compound
| | was essentially inert to potassium f-butoxide in di-

5'HC,H?i NHC6H5 methyl sulfoxide, sodium amide in liquid ammonia, and
/ \ q + 0  \ )  0  sodium metal at room temperature. Sodium amyloxide

'— ' '— '  in benzene catalyzed a rapid decomposition. Pro-
11 12 longed heating of 17 in bulk or in o-chlorotoluene in

0 0  the presence of sodium metal produces a low-molecular-
I w — NHC,:H, C6H5N H C ^ J L ^ C — NHC6H:, weight polymer with residual unsaturation. How-

/ ' i  || || j  \ || ever, no evidence for the characteristic ethylenic pro-
\__ /  0  0  %__ /  0  ton of an enamine structure could be detected in the

13 14 nmr.

The reactivity of the aziridine substituent on the . .
enamines is demonstrated by their polymerization Experimental Section
when treated with /3-propiolactone. An equimolar Melting and boiling points are uncorrected. Analyses were 
mixture of 1-N-aziridinyl-l-cycloheptene and /3-pro- by Galbraith Laboratories, Inc., Knoxville, Tenn. Ir spectra 
piolactone in acetonitrile yielded a low-molecular- were determined using a Beckman IR -8  spectrometer. The 

• i , ii i • l • i i i  i n m r  spectra were determined at 60 and 100 Me with Vanan
weight yellow oil which was assigned structure 15 on Model A_60A and Varian HR-100 nmr spectrometers, respec-

__  __ tively. The chemical shift values are expressed in 8 values
' I - lb  O L CH2LH2} j-  (parts per million) relative to a tetramethylsilane internal stan-
JL II dard. The mass spectra were obtained with a Varian M -6 6  mass

f  \ u spectrometer operating at 70 eV. All reactions involving aziri-
(  )  dine were performed under a nitrogen atmosphere. Thin layer

•jg chromatograms were obtained on 0.25-mm silica gel G plates
developed by exposure to iodine vapor.

the basis of nmr and infrared evidence. The oil dark- Preparation of Starting Materials.—Commercial samples 
enecl rapidly when «posed to air as would be expected
for a copolym er contain ing residual unsaturation . tilled from calcium hydride. Reagent grade titanium tetra-
R ecen tly , th e  reaction  of N -phenylethylenim ine and chloride was diluted with benzene to produce a solution which
(3-propiolactone under these conditions was reported  to  was 1 M  in titanium tetrachloride. Phenyl isocyanate and 13- 
yield copolym ers w ith a similar structure.1* propiolactone were purified by distillation immediately prior

£ -• nr a • • j  * i to use. 3-Bromo-l-cy clohexene was prepared by treating cyclo-Attempted Preparation of 1-N-Aziridmyl-l-cyclo- hexenewithN.bromosyuccinimideinC6 l4̂ e
hexene.— The isolation and characterization of 1-N- Illustrative Procedure for the Preparation of Bis(aziridinyl)-
azirid in y l-l-cycloh ep ten e  and -1-cyclooctene dem on- cycloalkanes.—A solution of 12 g (0.12 mol) of cyclohexanone
stra tes  th e  s ta b ility  and b ifu n ction ality  o f unsub- in 1 0 0  ml of benzene was charged into a 1 1 ., four-necked, round-

... , i • , • ■ _ _  bottom flask equipped with a mechanical stirrer, nitrogen inlet,s titu ted  enam m es contain ing  an aziridine su b stitu en t. H K • A • c i rpuiowuuiuu vuai °  . thermometer, and a pressure-equalizing dropping funnel. The
Since th e  titan iu m  tetrach lorid e catalyzed  addition dropping funnel was connected to a mercury pressure release 
of aziridine to  cyclohexanone failed to  afford 1-N - valve; the system was purged and then placed under a positive
azirid in y l-l-cycloh exen e (16), we attem p ted  to  pre- pressure of nitrogen. The flask was immersed in an ice bath at
pare 16 v ia  a  b ase-catalyzed  isom erization of 3 -N - 5° and 50 ml (0.36 mol) ofTriethylamine followed by 2 0  ml (0.44
y  . i . T . ,. r n i • rnol) of aziridine were added. 1-N-Aziridmylcyclohexanol pre-
azindinyl-1-cyclohexene. Isom erization  of allylam m es cipitated immediately. The slurry was stirred vigorously at 
to  enam ines has been successfully  em ployed in  th e  syn- 5 _ld° while 120 ml of 1 M  TiCh in benzene was added dropwise.
thesis of several N ,N -d ialkylenam ineS 14 and represents Addition of the TiCl4 required 1.5-2 hr. The reaction was
a technique for preparing CIS isom ers of m onosubstituted  Stirred an additional 2-3 hr at 5°, and then the temperature was

,. , „  rp, • ___5c allowed to rise to 25°. The reaction mixture was allowed to
aliphatic enam m es . 15 T h e  isom erization is catalyzed  gtand oyemight at room temperature. T he volatile products
by  potassium  ¿-butoxide in d im ethyl sulfoxide, sodium  were isolated from the mixture by filtering off the triethylamine

hydrochloride, which had precipitated, evaporating the solvent 
(13) T. Kagiya, T. Rondo, S. Narisawa, and K. Fukui, Bull. Chem. Soc. and excess aziridine at reduced pressure, and distilling the residue

Ja p ..  41,172 (1968). . _  th ro u g h  a  sh o rt V ig reu x  co lu m n . A  to ta l  o f 9 .5  g o f v o la tile
U4) G. T . Martirosyan, M. G J ^ h k y a n ,  E . A. Gngoryan, and A T  m a terfa l b  7 5 .7 3 0  (6  mm)> w as o b ta in e d . T h e  com p o sitio n

Babayan, Arm. Khim . Zh., 20, 275 (1967); C. C. Price and W. H. Snyder, * *  n
Tetrahedron Lett., 69 (1962).

(15) M. Riviere and A. Lattes, Bull. Soc. Chim. Fr. 2539 (1967); J .  Sauer (16) L. Horner and E . H. Winkelmann, Newer Methods Preparative Org.
andH. Prank, Tetrahedron Lett., 2863 (1966). Chem., 3, 151 (1964).
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of this product mixture was analyzed by tic and nmr before further under nitrogen at 30° for 12 hr. Evaporation of the acetone
purification. A brown tar (4.2 g) remained in the distillation yielded 1.55 g of a solid, mp 130-135°. Thin layer chroma-
flask; this residue appeared to be an aziridine polymer. The tography of this solid on silica gel G using a mixture of benzene-
relative concentrations of the volatile products (Table I)  were cyclohexane-absolute ethanol (25:60:10) revealed the presence
determined by comparing the integrated areas of the 5 3.5, 2.5, of at least five components (fif value): diphenylurea (0.00),
and 1.12 absorptions. The value for bis(aziridinyl)cycloalkane 14 (3.21), 13 (0.32), 12 (0.47), and 11 (0.72). The mass spec-
was corrected for the overlapping aziridinyl absorption of 5. trum of this mixture contained the molecular ions for 14, 13,
Tic on silica G with acetone as the eluent did not indicate the and 1 1  at m /e  350, 231, and 256, respectively. Although a
presence of components other than those reported in Table I . molecular ion for 1 2  was not observed, an ion at m /e  of 333 was

Pure bis(aziridinyl)cyclohexane was obtained by stirring the present which would correspond to the loss of aziridine (375 —
distillate with 5.0 g of piperazine dissolved in 20 ml of benzene 42) from this compound. The ir spectrum of the mixture had
at room temperature overnight to remove 4, filtering the pre- bands at 3080 (aziridinyl) and 1680 and 1660 cm“ 1 (-CONH-).
cipitated salt, and fractionally distilling the filtrate in  vacuo. Hydrolysis of 1 . 0  g of the mixture with 25 ml of 1 0 % ethanolic
After two distillations through a Vigreux column, 2.1 g of 3, HC1 simplified the mixture to three components (tic). These
bp 58-60° (1.4 mm), was isolated: ir (neat) 3080, 1255, 805 were identified as diphenylurea, 13, and 14 by comparison with
cm “ 1 (aziridinyl); nmr (benzene) S 1.12 (4.5 H triplet, syn- samples of these compounds prepared from 1-N-pyrrolidino-l-
aziridinyl H), 1.43 (9 H singlet, cyclohexyl H), 1.80 (4.5 H cycloheptene under the same conditions. Compound 14 (mp
triplet, araii-aziridinyl H ); mass spectrum, no molecular ion, 193c) precipitated from the hydrolysis mixture; a mixture melt-
abundant fragment peaks at m /e  125, 124 (principal peak), 123, ing point with 14 prepared via the l-N-pyrrolid:no-l-cycloheptene
122, 110, 96, 95, 94, 81, 80, 79, 77, 69, 6 8 , 67, 56, 55, 54, 53, 43, showed no depression.
42, 41, and 39. A n al. Calcd for Oi„HigN2: C, 72.23; H, Reaction of 1-N-Aziridinyl-l-cycloheptene with ¡3-Propiolactone 
10.92; N, 16.85. Found: C, 72.53; H, 11.14; N, 16.44. —A solution of 1.4 g (2 mmol) of /3-propiolactone in 10 ml of

A similar purification procedure afforded pure 2: bp 63° (3.0 anhydrous acetonitrile was added to a glass ampoule and cooled
mm); nmr (benzene) 5 1.32 (3.5 H, multiplet, sj/n-aziridinyl H), to - 7 8 ° .  The enamine (0.8 g, 3 mmol) was injected through a
1.45 (8.5 H, broad singlet, cyclopentyl H), 1.60 (4.0 H, multi- serum cap after the ampoule had been filled with nitrogen. The
plet, anii-aziridinyl H); mass spectrum, no molecular ion, ampoule was allowed to warm to 4°, and within 1 hr a yellow oil
fragmentation peaks at m/e 124, 110, 96, 67, 55, 54, 53, 52, 51, began to separate from the acetonitrile solution. After 2.5
44, 43, and 41 (principal peak). A n a l. Calcd for CgHieNI: days at 4°, the acetonitrile solution was decanted from the oil
C, 71.06; H, 10.52; N, 18.42. Found: C, 70.92; H, 10.18; which was dried to constant weight (0.58 g) in  vacuo: ir (neat)
N, 18.14. 174C (-OOC-), 1670 cm “ 1 (C = C ); nmr (CDC13) S 4.65 (1 H,

(J-(N-Aziridinylethyl)cyclopentylimine (1).—A mixture of cy- broad singlet, ethylenic proton), 4.30 (2 H, multiplet, COO-
clopentanone (50 ml, 0.6 mol) and aziridine (52 g , 1.2 mol) was CH2), 2.80 (10 H, multiplet, allylic CH2, CH2NCH2- ,  CH2C = 0 ) ,
allowed to stand at 30° for 1 week. 4 The excess aziridine was 1.60 (6  H, broad singlet, CH2 in the 4, 5, and 6  positions of the
distilled from the light orange reaction mixture and the residue cycloheptene substituent). The polymer darkened rapidly
fractionally distilled under reduced pressure to yield cyclo- upon exposure to air and the ethylenic proton disappeared,
pentanone and 0.75 g of 1: bp 85° (4.5 mm); ir (neat) 3080, Preparation of 3-N-Aziridinyl-1-cyclohexene (17).—3-Bromo- 
1250,_ 815 cm“ 1 (aziridinyl), 1710 cm “ 1 (C = N ); nmr (benzene) cyclohexene ( 2 1  g, 0.13 mol) was added to a mixture of 50 g
6 0 - 9 5  (2 H, triplet, sj/n-aziridinyl H), 1.51 (6  H, multiplet, an ti- (0.9 mol) of potassium hydroxide slurried in 200 ml of tetralin.
aziridinyl H and cyclopentyl -CH 2-  in the 3 and 4 positions), The reaction mixture was cooled to 5 ° in an ice bath and stirred
2.00 (4 H, multiplet, allylic cyclopentyl _-CH2- ) ,  2.52 (2 H, while 21 ml (0.4 mol) of aziridine was added dropwise. The
triplet, J  = 7.0 cps, CH2 adjacent to aziridinyl substituent), addition required 0.5 hr; the mixture was stirred for 6  hr and
3.48 (2 H, triplet, J  = 7.0 cps, CH2 adjacent of imine linkage); then filtered. The yellow filtrate was fractionally distilled
mass spectrum, 152 (molecular ion), 151, 137, 124, 123, 110 through a short Vigreux column under reduced pressure: frac- 
(principal peak), 96, 78, 77, 6 6 , 56, 52, 51, 50, 42, and 41. tion I, 15.0 g, bp 49-57° (7.0 mm); fraction I I , 15.5 g, bp 62-

1-N-Aziridinyl- 1-cycloheptene (10).—A mixture of cyclohep- 67° (7.0 mm); fraction II I , 75 g, bp 70-73° (7.0 mm). Frac-
tanone (34 ml, 0.3 ml) and triethylamine (150 ml, 1.1 mol) dis- tion I contained 85.5% 17 (by nmr analysis), fraction II  con-
solved in 120 ml of benzene was allowed to react with 60 ml (1.5 tained 28% 17, and fraction I I I  is essentially pure tetralin.
mol) of aziridine for 30 min at 10 . A solution of 0.3 mol of Histdlation of fraction I through a 30-cm spinning-band column
titanium tetrachloride in 300 ml of benzene was added dropwise failed to increase the purity of 17. However, pure 17 could be
over a 3-hr interval while the temperature was maintained below obtained in much lower yield [3.0 g., bp 51-53° (11 mm)] by
1 0 ° with an ice bath. When the TiCh addition was completed, changing the solvent to chlorobenzene and isolating the 3-N-
the reaction mixture was allowed to warm to room temperature aziridinyl-l-cyclohexene as described above: ir (neat) 3050,
(—35°) and stirred overnight. The product mixture, 18.5 g, 1280 (aziridinyl), 1660 cm“ 1 (C = C ); nmr (CGI,) S 1.05 (2  H,
bp 75-90° (3.3 mm), was isolated and analyzed by nmr as de- broad doublet, syn-aziridinyl H), 1.58 (6.5 II. multiplet, cyclo-
scribed above. Fractional distillation of the product mixture hexenyl CH2), 1.96 (2.5 H, broad singlet, a n ti-aziridinyl H)
through a short Vigreux column yielded 7.8 g of a fraction, bp 5.61 (2 H, broad singlet, ethylenic H). A n a l. Calcd for
56-59° (3.3 mm), which contained at least 70% 10 along with C8H,3N: C, 78.05; H, 10.57; N, 11.38. Found: C, 78.20;
cycloheptanone and N-(/3-chloroethyl)eycloheptylimine. This 11,13.87; N, 1 1 .1 1 .
fraction was dissolved in 20 ml of benzene and treated with 1 .0 g Attempted’lsomerization of 17 to 1-N-Aziridinyl-l-cyclohexene.
of piperazine at room temperature for 4 hr. Vacuum distilla- —A solution of 0.3 ml of 17 in 3 ml of o-chlorotoluene was treated 
tion of the benzene solution yielded 3.5 g of pure 1 0 : bp 69-71° with 0 .2  g of sodium metal and heated to 150°. The solution
(4.5 mm); ir (neat) 3080, 1280 cm 1 (aziridinyl), 1670, 763 darkened rapidly, but nmr analysis showed that no enamine had
Gm . (bei;zene) 5 1-50 ( 1 0  H broad singlet, aziri- formed after 24 hr at 150°. When N-allylmorpholine was
dmyl CH2 and CH2 at the 4 5 and 6  positions of cycloheptenyl treated under the same conditions, 60% isomerized within 1 hr
ring), 2.10 (4 H multiplet, allylic CH2), 5.00 (1 H, triplet, ethyl- to N-propenylmorpholine. 14 Treatment of 17 with a 20% solu-

n-°i°in % mass spectrum, 137 (molecular ion), 136, 109, tion of potassium i-butoxide in dimethyl sulfoxide at room tern-
108, 95, 94, 83, 82, 81, 80, 79, 6 8 , 67, 56, 55, 54, 53, 42, and 41 perature for 4 days or at 60° for 12 hr failed to effect isomerization,
(principal peak). A n a l. Calcd for C9HI5N: C, 78.76; H,
10.94; N, 1 0 .2 1 . Found: C, 78.53; H, 10.92; N, 10.51. D • , , , . . . .  . , o o n o . , . „

Reaction of 1-N-Aziridinyl-l-cycloheptene with Phenyl Iso- No.-Azindm e, 151-56-4; 1, 23924-14-3;
cyanate.— The enamine (1.54 g, 6 mmol) in 2  ml of acetone was ¿3924-15-4; 3, 23924-16-5; 10, 23924-17-6; 17,
allowed to react with 0.83 g (7 mmol) of phenyl isocyanate 23924-18-7.
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The Synthesis of Oconovine
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R eceived J u n e  19, 1969

A synthesis is described for (±  )-l,2,3,10-tetramethoxy-ll-hydroxyaporphine (1). The latter proved to be the 
racemic form of the alkaloid (+  poconovine, thus confirming the oconovine structure assigned earlier on the basis 
of spectroscopic evidence.

The amorphous base (+)-oconovine is one of two droisoquinoline6 (6) to 5,6,7-trimethoxyisoquinoline 
previously unreported alkaloids which have been found (7), followed by treatment of the latter base with
in an incompletely identified Ocotea species. Struc- benzoyl chloride and potassium cyanide. Alkylation
ture 1 was assigned to oconovine, primarily on the
basis of spectroscopic evidence.2 We now report the 0CH OCH3
confirmation of this structure by a total synthesis of CHQ T CHO I
( ±  )-oconovine. 3 “ *■ 3

Since the proposed structure for oconovine (1) 
differs from that of isocorydine only by the presence of
a 1-methoxy substituent, our first synthetic approach 6 7
to oconovine was patterned after Kikkawa’s successful i 3
isocorydine synthesis.3 Thus decomposition of 2-nitro-
3-benzyloxy-4-methoxy-co-diazoacetophenone (2)3 in the JL II jq_COC6H5
presence of 2,3,4-trimethoxy-d-phenylethylamine (3)4 5 CH30 j '
and silver oxide afforded an almost quantitative yield CN
of the amorphous amide 4, the nmr spectrum of which g
was fully in accord with the assigned structure. A NQ NQ
number of attempts were made to cyclize this amide to I 2 „un r  „  r,p n I m  nH
the dihydroisoquinoline 5 under a variety of conditions; 6 5 2 —► 6 5 2 2 ~
in all instances only nonbasic material was recov- JL J) J
ered. CH30 CH30

9 10
no2 chn2 och3 no2

c6h th 2o^ X . co + CH3Ox J v _ ^ .  c6h6ch20v 1 ^ ch2ci

C H ,0 - L ^  C H . O ^  m ‘ C H , 0 - L i
2 3 11

och3 och3
CH3O . ^ L ^  of 8 by halide 11 proceeded smoothly, using the general T T I T £  I alkylation conditions of Kershaw and Uff,7 to give the

CH30 / l J n 0Y 'NH crystalline alkylated derivative 12. Attempted hy-
| 2 | 2 drolysis of the alkylated Reissert compound 12 by

C h s C H j O ^ l J  C6H6CH2Ov J x J alcoholic alkali in the usual manner8 gave an unexpected
JT  J f  J T J  yellow substance, mp 95-98°, which was assigned the

CH30 / ^ ''^  CH30 '^ v '/  substituted anthranil structure 14 on the basis of spec-
4 5 tral data and elemental analysis. Hydrolysis of the

Reissert derivative 12 to the desired isoquinoline 13
, . , was achieved in excellent yield, however, by a new

In order to circumvent the use of the Biscbler- edure usi Triton B in dimethylformamide at
Napieralski reaction, we turned to the alternate ap- room tem rature. As expected, the isoquinoline 13
proach involving, as the key step, alkylation of the wag converted into the anthranil 14 in high yield on
Reissert compound 8 by 2-nitro-3-benzyloxy-4-meth- refluxing with aicohoiic alkali. The isoquinoline 13
oxybenzyl chloride (11). The latter halide was ob- wag converted into its amorphous methiodide 15 by
tained by the sodium borohydride rechiction of 2"n't4i° _ heating with methyl iodide in dimethylformamide in a
isovanillin benzyl ether (9), followed by reaction °  t  e sea]ed tupea Sodium borohydride reduction of methio-
resulting benzyl alcohol 10 with thionyl chloride. The dide 15 ave tde tetrahydro derivative 16, which was
Reissert compound 8 was prepared by the palladium reduced dy zmc }n acetic acid to the amino tetrahydro-
dehydrogenation of 5,6,7-tnmethoxy-l,2,3,4-tetrahy- isoquinoline 17. Both of the latter compounds (16 and

(1) To whom all inquiries should be addressed: Department of Chem-
istry, University of Pennsylvania, Philadelphia, Pa. 19104. (6) J .  M. Bobbbt, J .  M. Kiely, K. L. Khanna, and R. Eberman, J .  Org.

(2) M. P. Cava, Y . Watanabe, K. Bessho, M. J .  Mitchell, A. I. daRocha, Chem., 30, 2248 (1965).
B . Hwang, B . Douglas, and J .  A. Weisbach, Tetrahedron Lett., 2437 (1968). (7) B. C. Uff and J .  R . Kershaw, J .  Chem. Soc., C, 666 (1969).

(3) I. Kikkawa, J .  Pharm . Soc. Ja p .,  73, 1006 (1958). (8) (a) F . D. Popp and W. E . McEwen, J .  Amer. Chem. Soc., 79, 3776
(4) S Kubota, T . Masui, E . Fujita, and S. M. Kupchan, J .  Org. Chem., 31, (1957); (b) J .  L. Neumeyer, B . R. Neustadt, and J . W. Wemtraub, Tetra-

516 (1966) hedron Lett., 3107 (1967). For a recent extensive review of the chemistry
(5) D. H. Hey and J . C. Lobo, J .  Chem. Soc., 2246 (1954). of Reissert compounds, see F . D. Popp Advan. Heterocycl. Chem., 9, 1 (1968).
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17) were noncrystalline, but their nmr spectra were in Like the natural base, racemic oconovine was further 
accord with the assigned structures. characterized as its crystalline methiodide.

The Pschorr cyclization of amine 17 was effected by No assignment of the absolute configuration of ( + ) -  
diazotization in dilute hydrochloric acid and slow oconovine was made in the original publication de
decomposition of the resulting diazonium chloride at scribing its isolation.2 It may be assumed to have the
room temperature in the absence of a metal catalyst, complete structure 18 on the apparently valid assump-
followed by brief heating on the steam bath. Rather tion that all dextrorotatory aporphines have the l (or S)
surprisingly, thin layer chromatography suggested that configuration at the 6a carbon atom.9
debenzylation had taken place during the Pschorr
reaction with the direct formation of oconovine. Experimental Section10
Indeed, preparative chromatography led to the isola
tion of the amorphous base ( ± )-OCOnovine (1 ) , which 2-Nitro-3-benzyloxy-4-methoxybenzyl Alcohol (10).—Sodium
gave nmr, ultraviolet, and solution infrared spectra borohydride. (0.15 g) was addedl in.portions to a ,sohrtionof2-

. - , i / i x  • mtrojsovamllm benzyl ether (9, 2.0 g) m methanol (.50 ml),
identical With those of the natural (-l-)-OCOnovine. when tic indicated that the reduction was complete, the solvent

was evaporated and the product was isolated in the usual manner 
■ to give alcohol 10  as a pale yellow gum which could not be

I bh crystallized: nmr 5 7.51 (s, 5 H, C6H5), 7.18 (AB q, 2 H, Ax = 9
CH,0. 1  Hz, 7  = 9 Hz, aromatic), 5.20 (s, 2 H, -OCH2C6H6), 4.58

|[ (s, 2 H, -CH 2OH), 3.93 (s, 3 H, OCH3), and 2.70 (s, 1 H, OH).
A ^ J k ,N C O C 6H5 Alcohol 10 reacted with acetic anhydride in pyridine to give a

g 4 . ] j _► CHsO jvjq —*• crystalline O-acetyl derivative, mp 62° (ether-hexane).
I A n al. Calcd for C„HI7N 06: C, 61.63; H, 5.17: N, 4.23.

C6H5CH2Uv^ k / > Found: C, 61.48; H, 5.30; N, 4.21.
i | 2-Nitro-3-benzyloxy-4-methoxybenzyl Chloride (11).—Thionyl

CHO/ * ^  chloride (5 ml) was added to a solution of alcohol 1 0  (5.0 g) in
3 benzene (50 ml) at room temperature. After 30 min, excess

1 2  solvent and reagent were removed under reduced pressure and the
OCH residual oil was extracted with hexane. On cooling, the con

i '^“ 3 I 3 centrated extract gave chloride 11 as a waxy solid (3.0 g, 56%),
C H jO ^ J 'x - ^ .  CH;, O ^ J \ ^ .  mp 41-45°. Analysis was not carried out because of the poor

j I  ] j |j ] crystallization properties of the compound. The crude halide,
, /k ^ /k ^ N  however, was satisfactory for direct conversion into compound 1 2 .

CH30  —>- CH-O T  5,6,7-Trimethoxyisoquinoline (7).—A solution of 5,6,7-tri-
P H PH D 1 n ' * !  f methoxy-l,2,3,4-tetrahydroisoquinoline6 (6 , 8.0 g) in purified

3110 2 (A12G3) decalin (300 ml) containing suspended 10% palladium
[ |J OCH3 on charcoal (2 g) was refluxed for 7 hr under a C 0 2 atmosphere.

CH OCR C Hr Extraction of the cooled mixture with aqueous hydrochloric acid
“ and work-up of the basic product in the usual manner afforded

14 isoquinoline 7 (7.85 g) as an oil which did not crystallize. The
base was characterized as its crystalline picrate, mp 179°.

Pipri A n a l. Calcd for CigHisNiOio: C, 48.22; H. 3.60; N, 12.50.

¿
u w l 3  | 3 Found: C, 48.11; H, 3.49; N, 12.37.

l-Cyano-2-benzoyl-5,6,7-trimethoxy-l,2-dihydroisoquinoline 
| T ¡I 1 + (8 ).—Benzoyl chloride (7 ml) was added dropwise to a vigor-

-k^-NCR, I ously stirred mixture of isoquinoline 7 (7.8 g), methylene chloride
jsjo, NO, (70 ml), potassium cyanide (8.39 g), and water ( 1 0  ml); external

CH O J .  CR.CHX) J .  ice cooline was maintane(l during the addition. After an addi-
6 2 b 0 " tional 4 hr of stirring, the organic phase was separated, washed

I J ]  JL I) with water, and evaporated. Trituration of the residual solid
CH with ethanol afforded Reissert compound 8 (6.5 g, 60. 5% ), mp

162°. The analytical sample, mp 165°, was crystallized from 
“  ethanol.

I A n al. Calcd for C20HI8N2O4: C, 68.56; H, 5.18; N, 8.00.
t  Found: C, 68.51; H, 5.22; N, 7.98.

OCH3 OCH3 l-(2-Nitro-3-benzyloxy-4-methoxy)benzyl-l-cyano-2-benzoyl-
CH.,0 . 1 ^ .  S,6,7-trimethoxy-l,2-dihydroisoquinoline (12).—-Sodium hydride

|| | j[ ] (1.07 g, 51% in mineral oil) was added to a solution of Reissert
/ t ^ J k ^ N C H 3  ̂ NCR; compound 8  (5.54 g) and chloride 1 1  (5.80 g) in dimethylform-

CH30  j^h2 —*. CH30  amide (130 ml) with external ice cooling. The mixture was
I „(-I stirred for 4 hr under nitrogen, diluted cautiously with water,

C6H5CH2O . ^ J N̂ J  and extracted with benzene. The usual work-up of the benzene
j p l  Ij layer, followed by crystallization of the residue from ethanol,

f ’H CH afforded the alkylated Reissert compound 12 (6 .8 6  g, 70% ):
Utl3U 3 mp 181°; nmr 6 ca . 7 .5 -7 .3  (m, 10 H, 2 C6H5), 7.08 (AB q, 2 H,

17 1 Av = 9 Hz, 7 = 9  Hz, aromatic), 6.57 (s, 1 H, aromatic), 6.25
OCH3 and 5.85 (vinylic doublets, 2  H, J  =  8 Hz), 5.00 (s, 2 H, -OCH2-

rH o  I C6IIS), 3.92 (s, 3 H, OCH3), 3.90 (s, 6  H, 2 OCH3), 3.72 (s, 3 H,
r Y ^ l  OCH,), and 3.6 (s, 2 H, CH2Ar).

CH30 - Y V f H3 -------------H
HO. J  (9) M . Shamma and M. J. Hillman, Experientia, 25, 544 (1969).

jj (10) Analyses were performed by Midwest Microlab, Inc., Indianapolis,
U Ind. Melting points are uncorrected. Nmr spectra were run in CDCls

CH 3O (TM S internal standard) using a Varian A-60 instrument; ultraviolet spec
tra were run in 95%  EtOH  unless otherwise stated, using a Perkin-Elmer 
Model 202 spectrophotometer.
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A n al. Calcd for C35H8iNs08: C, 67.62; H, 5.03; N, 6.76. nitro compound 16 (0.127 g) in a mixture of acetic acid (20 ml)
Found: C, 67.38; H, 5.28; N, 6 .6 6 . and ethanol (10 ml) was stirred at room temperature for several

l-(2-Nitro-3-benzyloxy-4-methoxy)benzyl-5,6,7-trimethoxyiso- hours with excess zinc dust. The basic reaction product was 
quinoline (13).—Triton B  (7 ml, 40% methanolic benzyltri- isolated in the usual manner. The portion of this material
méthylammonium hydroxide) was added to a solution of com- (0.075 g, 63%) which was extractable into hot hexane showed an
pound 12 (5.78 g) in dimethylformamide (75 ml), and the mixture nmr spectrum in accord with structure 17: 5 c a . 7.4 (m, 5 H,
was kept at room temperature under nitrogen for 30 min. After C6H5), 6.50 (s, 1 H, aromatic), 6.38 (AB q, 2 H, Av = 19 Hz,
dilution with ice and ether, concentrated hydrochloric acid was J  = 9 Hz, aromatic), 4.95 (s, 2 H, -OCH2C6H5), 3.90, 3.85
added until no further quantity of the hydrochloride of 13 sepa- (6  H), and 3.70 (all s, OCH3), and 2.40 (3 H, NCH3).
rated. The salt was washed with ice-water and ether, and the (±)-Oconovine (1).—-A solution of amine 17 (0.500 g) in a
free base 13 was liberated using ammonia. Crystallization from mixture of concentrated hydrochloric acid ( 1  ml) and water
methanol gave 13 as white flakes (3.413 g, 75% ): mp 120°; (15 ml) was cooled well in an ice bath, and a solution of sodium
nmr 5 8.39 and 7.80 (d, 2 H, J  = 6  Hz, aromatic), 7.4 (s, 5 H, nitrite (0.100 g) in a small amount of water was added dropwise.
CeHs), 7.10 (1 H), and 6.85 (2  H, both s, aromatic), 5.12 (s, 2 After 30 min, sulfamic acid was added to destroy excess nitrous
H, -OCH2C6H5), 4.27 (s, 2 H, -CH 2Ar), and 4.02, 3.97, 3.93, acid and the solution was allowed to warm up to room tempera-
and 3.83 (all s, OCIi3); uvXmaX205 m/x (log e 4.92), 245 (4.86), ture. After standing overnight, the solution was heated for 15
283 (sh, 3.91), and 340 (3.72). min on the steam bath. Zinc dust was added to reduce colored

A n al. Calcd for C27H26N2O7: C, 66.11; H, 5.34; N, 5.71. by-products and the solution was heated for a further 15 min.
Found: C, 66.39; H, 5.35; N, 5.63. The cooled and filtered solution was made basic with aqueous

The hydrochloride of 13, mp 183°, crystallized from ether- sodium hydroxide and extracted with methylene chloride to give
ethanol. 0.15 g of alkali-insoluble base mixture. The initial fractions

A n al. Calcd for C27H27N2O7CI: C, 61.65; H, 5.17; N, 5.31. (0.070 g) obtained by chromatography on neutral alumina (CHC13

Found: C, 61.81; H, 5.28; N, 5.47. eluent) showed no benzyloxy group by nmr analysis and were
Alkali Transformation Product (14) of Base 13.—Base 13 shown by tic to be mostly oconovine. Reaction with methyl 

(0.120 g) was refluxed for 4 hr under a N2 atmosphere with a iodide, followed by crystallization from ethanol-ether, gave
solution of potassium hydroxide (0.5 g) in ethanol (20 ml). pure (±)-oconovine methiodide (0.050 g, 12.5%): mp 228°;
Evaporation of the solvent, addition of water, and crystallization uv Xmax 220 m/x (log e 4.12), 278 (3.90), and 315 (sh, 3.49). 
from ethanol gave fluffy yellow crystals of the anthranil dériva- A n al. Calcd for C22H28NO5I : C, 51.47; H, 5.50; N, 2.73.
tive 14 (0.088 g, 76% ): mp 95-98°; nmr S 8.63 and 8.25 (d, 2 Found: C, 51.50; H, 5.56; N, 2.66.
H, J  — 5 Hz, aromatic), 8.17 (s, 1 H, aromatic), 8 .0-6.9 (miscel- In another experiment, amine 17 (0.492 g) afforded a product
laneous aromatics), 5.55 (s, 2 H, -OCHîCsHs), and 4.20 (6  H), which was subjected to a final purification by silica chromatog-
4.10 (3 H), and 3.95 (3 H), (all s, OCH3); uv Xm3x 2.12 m/x (log raphy in chloroform [CHCl3-EtOH (20:1) as eluent] to give
e 4.83), 269 (4.30), and 305 (sh, 3.94). pure (±)-oconovine (1, 0.058 g, 15%): uv Xm»x 280 m/x (log e

A n al. Calcd for C27H24N2O6: C, 68.63; H, 5.12; N, 5.93. 4.03) and 310 (sh, 3.77); Xmax [ethanolic KOH (0.075 N )  280
Found: C, 68.55; H, 5.16; N, 6.19. m/x (log e 3.87) and 335 (3.98).

Compound 14 was also formed directly from compound 12 The nmr spectrum of 1 was identical with that recorded for the
under the experimental conditions given above. natural base, 2 and the solution (CHC13) infrared spectra of the

l-(2-Nitro-3 benzyloxy-4-methoxy)benzyI-2-methyl-5,6,7-tri- two samples were superimposable. 
methoxy-l,2,3,4-tetrahydroisoquinoline (16).—A solution of iso
quinoline 13 (0.050 g) in a mixture of dimethylformamide (0.5 Registry No.— 1 , 23740-41-2; 1  methiodide, 23740- 
ml) and methyl iodide (1 ml) was heated for 4 hr on the steam 42. 3 ; 7 monopicrate, 23740-79-6; 8, 23740-80-9;
bath. Evaporation of the solvent mixture m mcuo left a gummy 1Q 23740-81-0; 10 O-acetyl derivative, 23740-82-1;
residue of methiodide 15, which was washed with ether. A sample ’ ’ „ 1 3  7
of 15 (0 .1 0 0  g) was dissolved in ethanol ( 1 0  ml), and sodium “ > -'b/TU-oo 2 , 12, -.0 /TU-ST-o, 13, xTu-So-T,
borohydride (0.030 g) was added at room temperature. After 13 hydrochloride, 23740-86-5; 14, 23740-87-6; 16,
3  hr, work-up in the usual manner gave base 16 as a gum (0.050 23740-43-4; 17, 23740-44-5.
g, 55%) which moved as a single spot on a silica plate [CHCI3-
EtOH (5:1)]: nmr s ca . 7.4 (s, 5 H, C6H5), 6.90 (s, 2 H, aro- Acknowledgment.—We are grateful to Dr. M. J.
mafic), 6.13 (s, l H, aromatic), 5.13 (s, 2 H, -OCH^CeHs), Mitchell for samples of compounds 2 and 3. We also
3.87, 3.83 (6 H), and 3.71 (all s, OCH3), and 2.40 (s, 3 H, thank the Smith Kline and French Laboratories,
NCE : 2 -Amino-3 -benzyloxy-4 -methoxy)benzyl-2-methyl-5,6,7-tri- Philadelphia, P a., for generous financial support of this
methoxy-l,2,3,4-tetrahydroisoquinoline (17).—A solution of investigation.
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Cleavage Reactions of Bicyclie Ketones Derived from  
A zoniaanthracene-K etene Acetal Adducts

D . L . F ie l d s  and T . H . R egan

R esearch  L aboratories, E astm an  K o d a k  C om pany, R ochester, N ew  Y ork  14650  

R eceived Septem ber 25, 1969

9,10-Dihydro-12-oxo-4a-azonia-9,10-ethanoanthracenes 4a-4c were isolated following the mild acid hydrolysis 
of their respective ketals, 2a-2c. Depending on the nature of the R  group at C -ll, 4 proved to be more or less 
labile to acidic as well as basic reagents, undergoing two distinctly different types of fragmentations to yield 
l-(2-pyridyl)-2-naphthols (5) and/or 9,10-dihydro-10-(carboxymethyl)-4a-azoniaanthracene salts (6). Some 
structure-reactivity relationships were examined and a mechanism for these cleavages is suggested.

In a previous communication1 ketene acetals were ene with the 4a-azoniaanthracene ion (1) readily gives 
shown to react rapidly and stereoselectively by Diels- 2-morpholino-l-(2-pyridyl)naphthalene (eq 2, R 2N =  
Alder addition with a variety of types of azoniapoly- morpholino), probably resulting from an elimination
cyclic aromatic compounds, i.e., 1 —► 2 (eq 1). With- reaction involving enamine 3 as an intermediate.

EtO OEfc
\ ^ 2  y R

RCH=C(OEt)2 7f -----A  ...

I---------- * A A q o ?  «
■ H

o ®  -
+ x _ r2Nv - nr 3

ch2= c(n r ,)2 h C p V  __  H  ,

L X- + X + ̂  J
3

( Q C r  J 0 0 T

4 X_ X ~

[ O / H  l ^
© O f  © D C

5

out exception, the cycloadditions gave the positional Noting the structural similarity of the enol of ketone 4,
isomers with the alkoxy groups nonadjacent to the a type of compound assumed to be available from 2
quaternary nitrogens as a mixture, where possible, of and enamine 3, we thought it of interest to see if 4
two geometrical forms in which the R  group resides would undergo an analogous elimination reaction, as
either syn or anti to the quaternary nitrogen. It was indicated in eq 3, to give naphthol 5. We now know
also shown that the reaction of 1,1-dimorpholinoethyl- that such a transformation is indeed quite feasible, and

in fact it has been exploited in the syntheses of a 
... _ T »• ~ ti *> , T r. tv i n m number of highly overcrowded compounds to be(1) D. L. Fields, T . H. Regan, and J .  C. Dignan, J .  Org. Chem., 35, 390 °  J  . \

(1968) described in several forthcoming publications. I  his
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paper deals with an investigation of an unexpected and centered at o 4.68, representing the center strong
undesired second type of fragmentation of 4-type peaks of the AB portion of an A B X  pattern. The
ketones which was encountered during their prepara- remaining absorptions appeared as a two-proton singlet
tion. at 8 4.77 (a-picolinium methylene), a poorly resolved

, _ .  . one-proton triplet centered at 8 6.50 (>CH CH 2C 0 2H,
Results and Discussion x  part of A B X ^ a seVen-proton multiplet at 5 7.41-8.80

Acid Cleavages.—-Treatment of the 4a-azoniaan- (aromatic), and a one-proton doublet of multiplets
thracene perchlorate-ketene diethyl acetal adduct, 2a, centered at 8 9.25 (pyridyl H a  to N+). Esterification
with 6 N  hydrochloric acid for 0.5 hr at reflux tempera- of 6a with methanol gave 7. Treatment of 6a with 0.5
ture afforded an easily separable mixture of two prod- N  sodium hydroxide for 5 min at 100° followed by
ucts (eq 4), neither of which was the expected bicyclo neutralization to pH 6.7 produced the frans-cinnamic
ketone, 4a. acid (8), which in turn was catalytically reduced to 9.

H H Cinnamic acid (8), incidentally, was found to undergo
.. cyclization to regenerate 6-type products with particu-

2 6jVHC1> 4 — ► 5 -I- | f ) l  (4) lar ease. Its hydrochloride reverted without melting
A x -  within 2 min at 175° to 6a ( X -  =  Cl“), and 7 was

H CHCOH isolated following an attempted quaternization of 8
| 2 using 1 molar equiv of methyl p-toluenesulfonate in

r refluxing acetonitrile.
6 Similar fragmentations to 6- and/or 5-type products

Yield also resulted when the 11-methyl and 11-phenyl ad
it 5 °~6 ducts, 2b and 2c, respectively, were treated with
pj Q 9 84 refluxing 6 N  hydrochloric acid, although, as indicated

b Me 0 58 39 by the yield data accompanying eq 4, the product
p „  . distribution showed a considerable dependence on the

c p6h5 nature of the R  group at C -ll.
The minor product, isolated in 9%  yield, proved to A reasonable mechanism which will explain these 

be naphthol 5a, based on elemental analyses of it and results involves two competitive fragmentations of the
its O-acetyl derivative, and on the following spectral intermediate bicyclic ketone 4. As suggested earlier, 4
results. Its mass spectrum displayed a parent peak in may cleave by an elimination sequence to give naphthol
agreement with the calculated molecular weight of 221. 5 (eq 3). Alternatively, 4 may suffer fragmentation by
Its nmr spectrum (CDC13) consisted of a nine-proton acid-catalyzed hydration of its carbonyl to give a
multiplet at 8 7.17-8.35 (aromatic), a one-proton 12,12-diol and cleavage of the 9,12 bond (eq 5). This
doublet of multiplets centered at 5 8.70 (pyridyl H a  to
N), and one exchangeable proton at 8 11.91 (-OH). f  fA f.—B
The chemical shift of the hydroxyl proton is inde-
pendent of concentration, indicative of intramolecular  ̂ H,o _  H' \ r
hydrogen bonding, consistent with the 1,2-substitution 4 ' _h,o
pattern assigned to 5a. A comparison of the ultra- ILJU__—7 '- - 0
violet spectra of the acetyl derivative of 5a and ¡3- B
naphthyl acetate showed marked similarities. L

The second product, obtained in 84%  yield, was 
assigned structure 6a based on elemental and spectral h+
analyses of it and its derivatives shown in Scheme I. /\  6 (.)

H CHC02H
Scheme I

r n f  lf~j] i-Soci2 Meon  ̂ ffA  f G /]  _ suggests that increasing the steric requirement of the R  
2NaCI0< C1(A group at C -ll might well disfavor the production of 6,

i / V u m u  , / V HrnMp since this would further enhance unfavorable steric
2 2 _ * _ : interaction between the R  group and the neighboring

a ^ S ^ oh 12-hydroxyl groups, which are being held in an eclipsed
h x n ^  ‘l.MeOTs conformation. This may at least partially account for

2. NaCio, the variation in yield of 6 from 84%  when R  =  H (6a)
r u i i O ]  rH / v  to 32%  when R  =  CH3 (6b), and the concomitant

2 [h] 1 %%] increase in naphthol from 9 to 58%  for 5a and 5b,
H respectively. On the other hand, if the enol of eq 3

CH2CH2C02H i)=C'^' plays an important role in the formation of the naph-
9 | 'x 'C02H thol, then 11-phenyl substitution should favor naphthol

H formation owing to conjugative stabilization of the
8 enol, as well as the aforementioned steric eclipsing

effect. Experimentally, the fragmentation was con- 
Its nmr spectrum (DMSO-d6) displayed the methylene siderably slower when R  = C6H6 than when R  = H or
protons a  to the carboxyl group and adjacent to an CH3, and afforded, after 0.5-hr reflux in 6 N  hydro-
asymmetric center (>CH CH 2C 0 2H) as four peaks chloric acid, naphthol 5c and uncleaved 4c in 80 and
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15% yields, respectively, while 6c, if formed, was not Me EtO QEt
detected. j H\ Y

Introduction of two alkyl substituents at C -ll will, [•^n- A y 'A ^  MeCH=c(OEt)2 ^ e" \ L -M e  n3o+ 
of course, prevent naphthol formation, and an eq 5
type of cleavage would also be expected to be more +C10 " l A Y l —
difficult to effect based on steric considerations. This 4 jj
was substantiated in that bicyclo ketone 11 (eq 6), C104~
produced by heating for 0.5 hr at reflux a mixture of 10 13
and 6 N  hydrochloric acid, proved to be completely \ L J /  Me H
stable to prolonged treatment (4 hr) under those same Me >—N
conditions. The steric strain inherent in the eclipsed + [ O X  ' O j
geminal methyl-geminal hydroxyl intermediate leading ( Q I  JT ^
to 12 should be reflected in a higher energy barrier for S s / j / x 'Me H \ __qq ^
an 11 -*■ 12 transformation than is encountered in the ¿  |
successful eq 5 type fragmentation of 4a and 4b, and it 14 Me
is evidently sufficient to prevent this type of cleavage 15
under our reaction conditions. Ketal 10 has a similar 
eclipsed conformation, and indeed the Diels-Alder
reaction that produced it was very sluggish compared fragment by cleavage of the 9,12 carbon-carbon bond
with those involving less highly substituted ketene t îari operative under acidic conditions.
acetals. Our best demonstration of this was observed starting

with bicyclic ketone 11. Although 11 is stable to 
refluxing 6 N  hydrochloric acid, it suffered immediate 

MeO OMe ring opening upon treatment with methanolic sodium
Me 'Y ’Xm methoxide at room temperature to give the red, crystal-

J Me,c=c(QMe)2  ̂ e'NrW_He l'ne anhydro base 16 (eq 8). Acidification of 16 with
dilute hydrochloric acid produced pyridinium salt 17.

H n
cio r P

10 MeWLMe

m. .  / a .  \ Q 0 f N y j \

( g t p i g )  H„ 5 aor
cio r Meo. Y c r

11 Me\X-Me

1l
r  HOv^-OH “1 L H +^ C 104 _

hm/V co,h A a Y o ) <fc ( A j i r Hi
Me Me CIO,-  H + ^ X V '+ '^ C F

i2 L c io r J  HaA I e H-7
M e ^ 'A c0 2Me

I CO,Me J,
Me Me

One other question briefly examined was whether or 16 17 ^
not the formation of an aromatic product, i.e., naphthol 
5, provided the sole driving force for the elimination
reaction. To this end adduct 13 was treated with 6 N  Incidentally, the fact that 16 and 17 were derived 
hydrochloric acid for 1 hr at reflux temperature. A from 11 provides chemical proof that the cycloaddition
small amount (4%) of cyclic a,/?-unsaturated ketone 14 of l,l-diethoxy-2-methylpropene with 1 occurred,
was isolated in addition to 15 (89%) (eq 7). giving the structure depicted for 10. The method used

Base Cleavages.—While our original hydrolysis ex- in elucidating the structure of 2a-2c and 13, based on
periments with 2a-2c in refluxing 6 N  hydrochloric acid noting in their nmr spectra the multiplicities of the 
resulted primarily in the fragmentation of initially bridgehead hydrogens, was inapplicable to 10, since 
formed 4a-4c, these ketones were later obtained by there are no spin-coupling possibilities for either of its 
employing milder hydrolysis conditions. We were thus bridgehead hydrogens.
able to examine their chemical behavior under basic Cleavage of 4c with methanolic sodium methoxide 
conditions as well. The most obvious difference in also occurred rapidly at room temperature to give
behavior is that there is a much greater tendency to anhydro base 18 and naphthol 5c in 70 and 10% yields,
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Scheme II

0,5 NaOH f ( ) |  | [ O f  ' i ( ) |  > 8
------------ 7---------v  ^ 7  2.H+

room temp 7\ X  +

L H CILCOr H CH2COf_
NaOAc, H20

4 a -------------------- ► 6a
A

NaOAc, CH3CN ------------- ;---->■ 5a
A

respectively. This result also provides an interesting at room temperature by the very reactive potassium 
contrast to the incomplete fragmentation of 4c by 6 N  ¿-butoxide-water (10:3)-dimethyl sulfoxide reagent
hydrochloric acid, which proceeded slowly even at 100° recently described by Gassman and coworkers.2 How-
and gave only naphthol 5c. ever, this fragmentation was only two-thirds complete

Hc Hd
1 1 H\ / H 

O u c x ' 1* —  C C 0
r -  hP T ^ H' c10‘

TT\^C. H„ CHCO.Me
H p I \  I

0  | C02Me I
C6H5̂ / h c6h5

-OMe 18 19

l O X —7 Me0H ^

*  C‘° r  O n
— ► /v. OH

O o f
^  '-' 'C 6H5

5c

Weaker bases, including aqueous sodium hydroxide after a 1-hr reflux period in the presence of sodium
and even sodium acetate solutions, will produce these hydroxide in a diglyme-water mixture, and failed to
same types of results (see Scheme II). Treatment of 
4a with 0.5 N  sodium hydroxide at room temperature 0

immediately gave a blood-red solution characteristic H \/L .h
of ar.hydro bases. This discolored to a pink solution 
upon warming, and afforded cinnamic acid 8 upon ( ( S ' ]  \
work-up of the reaction mixture. One molar sodium H/ ^"'CH2C02H
acetate solution, adequate for the cleavage reaction H 21
but not a strong enough base to effect a similar elimina- 20
tion, gave 6a rather than 8 in 97%  yield within 3 min at
100° , , , ,  ̂ occur at all in the presence of either refluxing methanolic

Interestingly, since 6a cannot be produced from 4a sodium methoxide or 6 IV hydrochloric acid-diglyme
under aprotic conditions, heating 4a in a solvent such as solutions 
acetonitrile or diglyme in the presence of anhydrous
sodium acetate afforded naphthol 5a in greater than .
75% yield within 3 min at 80°, and the acetyl deriva- Experimental Section
tive of 5a in quantitative yield within 3 min in refluxing 9 , 1 0 -Dihydro-12-oxo-4a-azonia-9,10-ethanoanthracene Per
acetic anhydride. chlorate (4a).—A heterogeneous mixture of 2 a (X  — CICh

Undoubtedly, the extraordinary ease of cleavage of ----------------
the 9,12 carbon-carbon bond of 9,10-dihydro-12-oxo- (2) p Gassman j. T. Lumb, and f . v. Zaiar, j . Amer. chem. soc.. 
4a-azonia-9,10-ethanoanthracene salts such as 4a by 89,946 (1967).
acidic and basic reagents is directly related to the (3) Meiting points (uncorre°ted) were tdf
ability 01 the pyridimum ring to Stabilize a developing Elmer Model 202 spectrophotometer. Infrared spectra were obtained with
negative charge at C-9. A comparison of the ease of a Perkin-Elmer Infracord spectrometer. Nmr spectra were determined
L 0 „  „loQ rrarro rrf 7 0  +hp hvdrncflrbnn nnaloe- of 4a with a Varian A-60 spectrometer on samples, unless otherwise stated, in di-base cleavage of 20, the Hydrocarbon analog OI 4 a ,  methyl 8ulfoxide_ *  solution with tetramethylsilane (TM S) as internal stan-
with cleavage results just Cited tor 4a further emphasizes dard Chemical 3hifts are recorded as parts per million to lower field from
this fact. Ketone 20 was cleaved to 21 within 30 min TMS(iO), followed by multiplicity, relative area, and assignment.
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V 4H2O) 1 (10.0 g, 0.0245 mol) in 40 ml of 6 N  hydrochloric acid Methyl ester 7, mp 158-160°, was prepared by adding 1.0 g 
was allowed to shake for 3 hr at room temperature on a wrist- of 6 a to a cooled mixture of 2 ml of thionyl chloride and 15 ml of
action shaker. A first crop of product (3.90 g) was collected by methanol. The resulting solution was allowed to stand at room
filtration and 3.50 g of additional crystalline product was ob- temperature for 1 hr, heated at reflux for 1 hr, and concentrated
tained after diluting rhe filtrate with 40 ml of cold water and to dryness. The residue was recrystallized as white needles from
then treating it with solid sodium perchlorate. The combined water: ir 1740 cm - 1  (C = 0 ) ; nmr 5 3.25 (4 peaks, 2, the center
product was washed with 5% sodium bicarbonate, dried, and peaks of the AB part of A BX ), 3.60 (s, 3, OCH3), 4.77 (s, 2,
then recrystallized from acetonitrile-ether as white needles, which a-pieolinium CH2), 6.53 (t, 1, X  part of A BX ), and 7.37-9.34 
proved to be an acetonitrile solvate of 4a: mp 78-81°; ir 1740 (m, 8 , aromatic H).
cm- 1  (C = 0 ) ; nmr d 2.10 (s, 3, CH3CN), 3.00 (m, 2, C -ll methy- A n a l. Calcd for C16H16C1N06: C, 54.3; H, 4.5; Cl, 10.0; 
lene), 5.90 (s, 1, 9-bridgehead proton), 6.98 (broadened t, 1, N, 4.0. Found: C, 54.3; H, 4.9; Cl, 10.2; N, 3.9. 
10-bridgehead proton), 7.45-9.03 (m, 7, aromatic H), and 9.45 irons-Cinnamic Acid (8 ).—The deep red solution initially 
(d, 1, pyridyl H a  to N+). This spectrum changed within 20 formed upon dissolving 4a (30.0 g, 0.11 mol) in 400 ml of 0.5 N  
hr at room temperature to that of the ring-opened 6a, after treat- sodium hydroxide solution discolored to a light pink during a
ment of the sample in the nmr tube with a few drops of D20  and 15-min reflux. Acidification of the solution tc pH 6.7 with 0.5
2  drops of 35% DC1. JV hydrochloric acid gave 8 as an oil, which crystallized upon

A n a l. Calcd for CuHuClNOs-CHaCN: C, 56.3; H, 4.1; scratching. The product was collected and recrystallized from
Cl, 9.8; N, 7.7. Found: C, 56.5; H, 4.0; Cl, 9.6; N, 7.5. acetone-water as white needles (14.8 g, 57% ): mp 133-134.5°;

9 ,10-Dihydro-12-oxo-ll-phenyl-4a-azonia-9,10-ethanoanthra- nmr 5 4.27 (s, 2), 6.40 (d, 1 , ,/ = 16 Hz), 7.65 (d, 1, / = 16 Hz),
cene perchlorate (4c), mp 201-203°, was prepared in similar 7.03-8.55 (m, 8 ), and one acidic proton, as shown by its rapid
manner in 93% yield by treating 8.00 g of 2c1 with 75 ml of 6  deuterium exchange.
N  hydrochloric acid for 18 hr at room temperature on a wrist- A r a l .  Calcd for C 15H 13N O 2 : C, 75.3; H, 5.4; N, 5.8; mol 
action shaker. I t  was obtained as white needles after one re- wt, 239. Found: C, 75.3; H, 5.8; N, 5.8; mol wt, 239. 
crystallization from nitromethane-ether: ir 1745 cm - 1  (C = 0 ) ; Reduction of an ethanolic solution of 8  in a Parr hydrogenation
nmr h 4.62 (s, 1 , C-9 bridgehead), 6 . 1 0  (d, 1 , C-10 bridgehead), apparatus in the presence of 5%  palladium on charcoal gave 9 ,
6.50-6.75 (m, 2, ortho hydrogens of 11-phenyl), 6.95 (d, 1, mp 121-123° (monohydrate) after one recrystallization from
C -ll H), 7.18-8.77 (m, 1 , aromatic H), and 9.34 (d, 1 , H a  water. Its ir and nmr spectra were consistent with the assigned
to N+). structure.

A n al. Calcd for C21H16C1N06: C, 63.4; H, 4.0; Cl, 8.9; N, A n al. Calcd for Ci5H16N0 2 -H20 : C, 74.7; H, 6 .2 ; N, 5.8.
3.5. Found: C, 63.0; H, 4.0; Cl, 9.3; N, 3.7. Found: C, 74.4; II, 6.5; N, 5.9.

Acid Cleavages of 2a-2c to 5- and 6-Type Products.—In a 9,12-Dihydro-12,12-dimeth’oxy-ll,ll-dimethyl-4a-azonia-9,10- 
typical experiment a mixture of 2a (X - = C104- -V 4H2O) (5.00 g, ethanoanthracene Perchlorate (10).—A mixture of 4 a-azonia-
0.0123 mol) in 6  AT hydrochloric acid was refluxed for 0.5 hr and anthracene perchlorate4 (la , X -  = CIO«- , 5 . 3 4  g, 0.019 mol)
the solution was then concentrated in  vacuo to give a crystalline and l,l-dimethoxy-2 -methylpropene5 (2 0 .0  g, 0.185 mol) in 50
solid. The solid was dissolved in a mixture of 200 ml of 5%  ml o: acetonitrile slowly reacted while shaking for 18 hr on a
aqueous sodium bicarbonate solution and 100 ml of ether and wrist-action shaker. The product (6.45 g, 85%) was precipitated
the two layers were separated. The aqueous layer was acidified by the addition of ether—ligroin (1 : 1 , v/v) and recrystallized as
with concentrated hydrochloric acid and then treated with white needles from water: mp 229-232°; nmr S 0.90 (s, 6 ,
solid sodium perchlorate to yield 3.40 g (84%) of 6a. An analyti- C -ll methyls), 3.25 (s, 3, C-12 methoxyl), 3.30 (s, 3, C-12 meth-
cal sample melted at 201-203° after one recrystallization from oxyl), 5.64 (s, 1 , C-9  bridgehead proton), 6.17 (s, 1 , C- 1 0  bridge-
water- head proton), and 7.37-9.41 (m, 8 , aromatic H).

A n a l. Calcd for C16H„C1N06: C, 53.0; H, 4.1; Cl, 10.4; N, A n al. Calcd for C.TRjClNOs: C, 57.7; H, 5.6; Cl, 9.0'
4.1; neut equiv, 340. Found: C, 53.1; H, 4.5; Cl, 10.3; N, N, 3.5. Found: C, 57.9; H, 5.3; Cl, 9.0; N, 3.5.
4.0, neut equiv, 336. 9 ,10-Dihydro-l 1,11-dimethyl-12-oxo-4a-azania-9,10-ethano-

Concentration of the ether extract and recrystallization of the anthracene perchlorate (11), mp 268-269° dec, was isolated as
residue from methanol-water furnished 0.24 g (9%) of /3-naphthol white needles in 87% yield after heating under reflux a mixture
5a as white needles: mp 139-140°; uv max (CH3CN) 228 mM of 9 (3.50 g, 0.089 mol) in 50 ml of 6  N  hydrochloric acid for 4
(log e 4.88), 300 (sh, 3.83), 310 (383), and 349 (3.87); mass hr, followed by refrigeration of the mixture for 1 hr at 5°: ir

m /e  2 2 1  (M)+’ 2 2 0  l(M “  H)+1’ and 1 9 2  1 7 4 0  c m _ 1  (C= ° ) i  nmr 5 0.90 (s. 3, C -ll methyl), 0.97 (s, 3,
4 7 «  , ,v „ TT _ C -ll methyl), 5.97 (s, 1 , C-9 bridgehead proton), 6.75 (s, 1 ,

• Calcd for Ci5H„NO: C, 81.5; H, 5.0; N, 6.3. Found: C-10 bridgehead proton), 7.50-8.97 (m, 7, aromatic H), and
G, 81.4; H, 4.8; N, 6.3. 9  4 7  (dj pyridyl proton a  to N+).

Its O-acetyl derivative was obtained from ligroin (bp 60-90°): A n al. Calcd for C,7H16C1N05: C, 58.4; H, 4 .6 ' Cl 1 0  2 -
mp 113-114°; uv max (CH3CN) 223 my. (log e 4.76), 270 (sh, N, 4.1. Found: C, 58.2; H, 4.7; CI, 1 0 .1 - N 3 .9 .

2 7 9  ^ '9 ?i%^,7, 3.90), and 320 (3.10); ir 1750 cm - 1  9,10-Dihydro-9,ll-dimethyl-12,12-diethoxy-4a-azonia-9,10-
O); nmr (CDCh) 5 2.00 (s, 3, -O C O C H 3), 7.19-8.03 (m, ethanoanthracene perchlorate (13), mp 165-171°, was prepared

9, aromatic H), and 8.83 (doublet of multiplets, 1 , pyridyl H in 94% yield by the Diels-Alder addition of 1,1-diethoxypropene6

“ , , „  , , , _ TT „  with 9-methyl-4a-azoniaanthracene perchlorate6 following a
A n al. Calcd for C17H13NO2: C, 77.8; H, 5.1; N, 5.3. previously described procedure. 1

Found: C, 78.1; H, 5.5; N, 5.2. A n aL  Calcd for c 21H26C1N0 6: C, 59.5; H, 6.1; Cl, 8.2;
In similar manner acid cleavage of 2b gave 6b and 5b in 32 N, 3.3. Found: C, 59.9; H, 6.1; Cl, 8.4; N, 3.1. 

allon^% . melds,’ resPectively> while 2c afforded the naphthol 5c Acid Cleavage of’ 13 to’ 14’and’15.—A solution of adduct 13 
m 80% yield, plus ca . a 15% yield of 4c. _ (4.00 g, 0.0095 mol) in 30 ml of 6  N  hydrochloric acid was heated

i’on’fn o ? Sa * 6b w®-3 recrystalllze<i  from acetonitrile-ether: under reflux for 1 hr and then concentrated under reduced pres-
n n  w? *92 , ’ , nnir 5 1 -9 8  i — 3, 2 -77-3-30 (m, 1 , >C H - sure to a crystalline solid. This residue was dissolved in a mix-
rw R rr> 4Rn7  S’u^7 “ "Plco lmum methylene), 6.23 (d, 1 , >CH- ture cf 200 ml of 5%  aqueous sodium bicarbonate solution and
CHRCO2H) and 7-40-9.41 (m 8 , aromatic H) 100 ml of ether. The aqueous layer was separated, acidified with

n a .  Calcd for Ci6HI6C1N06; C, 54.3; H, 4.5; Cl, 1 0 .0 ; concentrated hydrochloric acid, and treated with sodium per-
Nanhthn^h1’ H’ u '3 ’ N,’, 3 '8 ' chlorate to give 3.08 g (89%) of crystalline 15. Recrystallization
Naphthol 5b, mp 62-64 was obtained as yellow plates from from water gave white needles: mp 186-189°; ir 1710 cm - 1

P f f  ™  f T / ,  ooT E H £ ^ 2 3 4  m^ ° £ A 4 -78)’ 3 1 0  < C = °); nmr 6 1.08 (d, 3, C-9 CH3), 1.92 [broadened d, 3,
(sh, 3.96) 318 (3.99) and 348 (3.91); nmr (CDC13) S 2.40 (d, -HC(CH3)C0 2H], 2.81-3.53 (m, 1 , >CH C02H), 4.57-5.10 (m
17 u i S Z’A ^ me oy ’ l0 ngi anu 3SpmC0Upledt0C' 4hydr0gen)’ C‘9 )’ 6 ' 3 0  (broadened d, 1 , C-1 0 ), and 7.34-9.50 (m, 8 ’,and 6.90-8.60 (m, 9, aromatic H). aromatic H).

A n a l. Calcd for Ci6H13NO: C, 81.7; H, 5.5; N, 6 .0 . Found: " ' ..........
C, 81.4; H, 5.1; N, 6 .2 . -----------------

Naphthol 5c was recrystallized as yellow plates from methyl- ... „ „  „ , . ,,
cyclohexane, mp 1 11-115° .  (4) C- Kl Bradsher and L- E- Beavers, /. Amer. Chem. 86c., 77, 4812

r Af u \ .  n 1 idn, 0rw !f / 0 :  0 ,8 4 .9 ; H, 5.1; N, 4.7. Found: ( (5) ŝ. M. McElvain and W. R. Davie, ibid., 7 3 , 1400 (1951).
O , S 4 .0 , ±1, O.U, N , 4 .9 .  (0) c  K. Bradsher and T. W. G. Solomons, ibid., 81, 2.550 (1959).
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A n al. Calcd for CnHigClNO«: C, 55.5; H, 4.9; N, 3.8. trituration in methanol this residue was converted into an off-
Found: C, 54.9; H, 4.8; N, 3.6. white, crystalline product (0.15 g, 10%), which was identical in

The ether extract was concentrated to a syrup, which sub- all respects with authentic 3-phenyl-l-(2-pyridyl)-2-naphthol
sequently crystallized. Recrystallization from methanol-water (5c).
afforded 0.10 g (4%) of 14 as long, white needles; mp 99.5- C. Cleavages of 4a (See Scheme II).—Heating under reflux a 
100.5°; ir 1630 cm“ 1 (C = 0 ) ; nmr & 1.85 (s, 3 H), 2.01 (s, 3 H), solution of 4a (X~ = CIO,-, -CH3CN) (1.00 g, 0.0275 mol) in
6.67-7.50 (m, 8 , aromatic and olefinic protons), and 9.32 (doublet 50 ml of 0.5 N  sodium hydroxide for 5 min transformed the initial
of multiplets, 1, pyridyl H a  to N). deep red solution to a light pink one. Its neutralization to pH

A n a l. Calcd for CX7H15NO: C, 82.0; H, 6.4; N ,5 .6 . Found: 6.7 gave 8  in 58% yield.
C, 81.7; H, 5.9; N, 5.7. A mixture of 1.00 g of 4a, 0.30 g of sodium acetate, and 10 ml

Base Cleavages of Bicyclic Ketones. A. Cleavage of 11.— of water was headed under reflux for 3 min, acidified with 5%  
The addition of sodium methoxide (0.40 g, 0.074 mol) to a hydrochloric acid, and treated with sodium perchlorate to give
suspension of 11 (0.70 g, 0.02 mol) in 10 ml of methanol gave 0.88 g (97%) of 6 a.
immediately a red, crystalline precipitate. The mixture was Similarly, a mixture of 1.00 g of 4a, 0.30 g of sodium acetate, 
diluted with 50 ml of water and filtered, and the product was and 10 ml of acetonitrile was heated under reflux for 3 min and
recrystallized from acetone-water, giving 0.35 g (63%) of 16 as then diluted with 50 ml of water to give 5a in 75% yield,
long, red needles; mp 104r-106°; ir 1735 cm- 1  (C = 0 ) ; nmr D. Cleavage of 20.—A solution consisting of 207 (2.00 g, 
(CDCls) «5 1.12 and 1.22 (two s, 3 H each, gem-dimethyls), 3.65 0.09 mol), potassium f-butoxide (3.00 g), 35 ml of dry methyl
(s, 3, ester methyl), 5.13 and 5.17 (two s, 1  H each, Ha and Hb), sulfoxide, and 0.35 ml of water was placed under nitrogen and
5.30-5.61 (m, 1 , He), 6.18-6.33 (m, 2 , H0 and Hd), 6.50 (doublet allowed to stand at room temperature for 30 min. The red solution
of multiplets, 1, Hf), and 6.80-7.30 (m, 4, aromatic H). was acidified with 5%  hydrochloric acid, producing a yellow,

A n a l. Calcd for Ci8Hi9N 0 2-ViHiO: C, 75.6; H, 6.7; N , crystalline precipitate. This product was collected by filtration, 
4.9. Found: C, 75.6; H, 6 .8 ; N, 5.3. dissolved in 5%  sodium bicarbonate, and filtered, and the filtrate

The nmr spectrum of a sample of 16 in DMSO-d6 and 3 drops of was again acidified with 5%  hydrochloric acid, giving 1.91 g
concentrated hydrochloric acid was completely consistent with (8 8 % ) of off-white, crystalline 21. An analytical sample, mp
structure 17: S 1.18 (s, 6 , gem-dimethyl), 3.63 (s, 3, ester 159-168°, was obtained after one recrystallization from methyl-
methyl), 4.70 (broadened s, 2, C-9 methylene), 6.55 (s, 1, C-10 cyclohexane: nmr (CDC13) S 2.61 (d, 2, 7  = 7 Hz, -CH 2CO2H),
H), 7.38-8.97 (m, 7, aromatic H), and 9.25 (d, 1, aromatic H 3.97 (d, 2, Ar2CH2), 4.50 (t, 1 ,7  = 7 Hz, >CHCH2CC>2H), and
a  to N+). 11.57 (s, 1 , -CO2H).

B. Cleavage of 4c.—Sodium methoxide (1.00 g, 0.0185 mol) A n a l. Calcd for Ci6H u02: C, 80.6; H, 5.9. Found: C, 
added to a suspension of 4c (2.00 g, 0.005 mol) in 10 ml of 80.8; H, 5.9. 
methanol immediately produced a red precipitate. The mixture
was diluted with 15 mi of methanol-water (1:1, v/v) and filtered, Registry No.—4a, 23825-07-2; 4c, 23825-08-3;
and the residue (18) was air-dried and then reerystallized from „ ( , , . .. _ _ _  ’
ligroin (bp 60-90°) as red needles (1 . 0 2 g, 62% ): mp 148-149°; ^a > 23825-09-4, 5a O-acetyl derivative, 23825-10-7,
uvmax (CH3CN) 238 mM (log e 4.37), 337 (sh, 3.28), 354 (3.60), 5b, 23825-11-8; 5c, 23825-12-9; 6a, 23825-13-0; 6b,
430 (4.16), 492 (3.76), and 522 (3.45); ir 1710 cm -' (C = 0 ) ; 23825-14-1; 7, 23825-15-2; 8, 23825-16-3; 9, 23825-
nmr (CDC13) s 3.41 (s, 3, ester methyl), 4.25 (d, 1 , 7 =  10 Hz, 17_4 ; 10,23793-76-1; 11,23825-18-5; 14,23796-77-2;
JH ’ t 'I 3- i ; 0Q/ h i l’ S ’652Tfmr°3adT dT?’ H 1! ar>d106  87’ 15> 23825-19-6; 16, 23825-20-9; 17, 23825-21-0;
“ 57 H)'6 ' ' ' *■ ” is ! 23825-22-1; ID, 23825-23-2; 21,23825-24-3.

A n a l. Calcd for CiiHuNCb: C, 80.2; H, 5.8; N, 4.3.
Found: C, 79.9; H, 5.3; N, 4.3. Acknowledgments.— The authors wish to thank Dr.

Acidification of a sample of 18 with dilute perchloric acid gave j  B Miller for M pful discussions, Mrs. Jean C. Dignan 
19, mp 202-206 , as white needles. Its nmr and elemental . , , . . - 7  i u - r ,  n  n r ■ i
analyses were consistent with the assigned structure. for technical assistance, and Mr. D. P. Maier for mass

The aqueous filtrate from the initial cleavage reaction was spectral interpretations, 
acidified with 5%  hydrochloric acid and then treated with 5%
sodium bicarbonate to give an amorphous precipitate. Upon (7) S. Wawzonek and J .  V. Hallum, J .  Org. Chern., 18, 288 (1953).
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Reactions of Ketones and Related Compounds with Solid Supported 
Phosphoric Acid Catalyst. III. The Scope and 
M echanism s of Phenyl Alkyl Ketone Reactionsla
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Rearrangement, condensation, disproportionation, and cyclodehydration reactions of phenyl alkyl ketones 
occur on solid supported phosphoric acid catalyst with good recovery of products. When the alkyl group is 
methyl or ethyl, disproportionation of aldol condensation products occurs to yield benzoic acid and fragments 
which eventually yield indans [l,l,3-trimethyl-3-phenylindan (3) or 1,1-dimethylindan, respectively]. When 
the alkyl group is larger than ethyl, functional-group rearrangement followed by cyclodehydration predominates. 
Butyrophenone and isobutyrophenone produce 1-methylindan in 18 and 43% yields, respectively, and ¿-butyl 
phenyl ketone gives 2,3-dimethylindene in 31% yield via  its isomer, 3-methyl-3-phenyl-2-butanone. Significant 
rearrangement of both straight- and branched-chain alkyl phenyl ketones are observed; however, cyclization 
reactions seem to predominate in this system. 3-Phenyl-1-propanal cyclized to yield indene, which was reduced 
to indan (28% yield). Numerous alkenes and alkynes also give indenes and indans in good yields.

Earlier papers in this series2,3 report the great utility Scheme I
of solid supported phosphoric acid (SSPA) in a flow 0  + 0  CH3 0  CH3

reactor for catalyzing the rearrangement of aliphatic || (SSpA) II I II I
ketones to isomeric ketones. This research has now PhCCl 1, aldo| * PhCCILCPh —*• PhC+ + PhC=CH, 
been extended to product, scope, and mechanistic _H0 2
studies for a group of phenyl alkyl ketones and related Jj h+ h q I
compounds. Rearrangements to isomeric ketones are 2
observed, the primary compounds formed being cyclo- 9 9 ^  CH3

dehydration (indenes and indans) and disproportiona- resin _  PhCCH=CPh PhCOOH PhCHCH3

tion products from these rearranged ketones. !
In previous studies, 4 ,5 acidic treatment of propio- j

phenone and similar straight-chain aromatic aliphatic
ketones gave only decomposition products and resins. 1 2

Cyclizations of ketones with carbonyl groups a or /3 to CH3̂  ^CII, ch3. .OH,
the ring have not been observed previously. Branched- +
chain ketones such as isobutyrophenone5 , 6  and pivalo- f  Jj yCH, -—>■ f  J  ^CH, EAS > 
phenone5 , 7  are known to rearrange to isomeric ketones, (- + /
but their further cyclization has not been reported. / (\
Simons and Ramler8 studied the reaction of several 2  3 Pk CH3

phenyl alkyl ketones with hydrogen fluoride and found CH3 CH3

that acetophenone and propiophenone formed benzoic
acid and a resin, while isobutyrophenone produced only [. I f /
a resin.

The primary reaction of acetophenone on SSPA Ph CH>
catalyst, after seven successive recycles at 360°, is the 3

formation of l,l,3-trimethyl-3-phenylindan (3, 20%)
and benzoic acid (30%) (see Table I, run 1 ). Benzene benzoic acid, cumene, and benzene; a-methylstyrene
and small amounts of cumene (9% ) and a-methyl- should give 3, cumene, and benzene; and cumene
styrene (2, 4% ) were also produced. These products should give benzene. When these compounds were
could be formed by a disproportionation reaction, subjected to the catalyst (Table I, runs 2-4), the ex-
according to a reaction path similar to that proposed pected products were formed; however, probably
by Simons and Ramler8 (Scheme I ) . 9 For reaction ac- because of difficulty in forcing the high-melting ma-
cording to this sequence, dypnone ( 1 ) should give terial through the column rapidly, the major product
l,l,3-trimethyl-3-phenylindan (3), a-methylstyrene (2), from dypnone ( 1 ) was a resin. Perhaps acetophenone,

formed from dypnone by a retrograde aldol condensa-
(1) (a) Supported by U. S. Atomic Energy Commission Contract AT- tion reaction, COUld have produced the hydrocarbons

^ th\ Ph-D- dissertftion °f f  J <b) f ASA and benzoic acid by some other mechanism, but this isfellow, 1964-1966. (c) To whom correspondence should be addressed. T" 1 . 1T . . r . ;
(2 ) w. h. Corkem and a. Fry, j . Amer. Chem. S oc., 89, 5888 (1967). unlikely, especially in view oi the excellent yield of 3
(3 ) a . Fry and w. h . Corkem, Md.. 89, 5 8 9 4  (1967). from a-methylstyrene (Table I, run 3).

(4)( 4 1 0 6 9  f1a93 2a)rt'Lucas and F- Saimon-Legagneur, c*»- *>., «  The major products of the reactions of propiophenone
(5) A. E. Favorskii, T. E. Zalesskaya, D. I. Rozanov, and G. V. Chelint- and related Compounds with SSPA Catalyst are given

zev itid. 3  (5), 2 3 9  (1936). in Table I. In an experiment (14 passes over the cata-
(6) A. E. Favorskii and A. A. Chilingaryan, Compt. Rend., 182, 221 (1926). 1,—,+ 996°) „ nc\rr/ c v
(7) T. E. Zalesskaya and T. B. Remizova, Zh. Obshch. K h im„ S3, 3802 lySt’ 330 > 111 WhlCh theFe WaS a 60%  recovery of liquid

(1863). material, the following compounds were detected:
(8) J . H. Simons and E. O. Ramler, J. Amer. Chem. Soc., 65, 1390 (1943). propiophenone, 12% ; methyl benzyl ketone 8 % ’
(9) In this and the following formulations the ions are shown as open irrrloY» QOi . i i J* i» j  ? r 'zj

carbonium ions Avithout specific discussion at this time of the accompanying maan, o /q, l,l-aimetnylinaan; ¿1 /q] a mixture OI 1,2-
solvation, counterions, etc. and 1,3-dimethylindan, 5% ; benzoic acid, 2% ; ben-
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T able I
Y ie l d s  o f  t h e  I m p o r t a n t  P r o d u c t s  f r o m  t h e  M a jo r  R e a c t io n s  o f  A c e t o p h e n o n e ,

P r o p io p h e n o n e , a n d  R e l a t e d  C o m p o u n d s  w it h  SSPA C a t a l y s t

Run No. of Temp, Yield,“
no. Reactant Products passes °C %

1  Acetophenone l,l,3-Trimethyl-3-
phenylindan (3) 7 360 20

Benzoic acid 30
2  Dypnone (1 ) l,l,3-Trimethyl-3-

phenylindan (3) 5 335 <1
Benzoic acid 10

3 «-Methylstyrene l,l,3-Trimethyl-3-
(2) phenylindan (3) 5 350 55

4 Cumene Benzene 5 350 16
5 Propiophenone 1,1-Dime thy lindan 14 330 24

Benzoic acid 2

6  Methyl benzyl Indan 7 360 4
ketone Propiophenone 6

7 1-Phenyl-l-propyne Propiophenone 2  360 19.5
Methyl benzyl ketone 5 .5
Indan 3

8  1-Phenyl-l-propene ra-Propylbenzene 3 360 < 1

9 Allylbenzene 1-Phenyl-l-propene 2  360 39
10 3-Phenylpropanal Indan 2  360 25

Indene 3
11 Indene Indan 3 319 49

a Based on the net amount of ketone reacted and on the stoichiometries in Scheme I or II.

zene, 3 9 % ; ethylbenzene, 2 % ; 1-phenyl-l-propene, S c h e m e  II
1% ; cumene, n-propylbenzene, and 1-methylnaphtha- A. Rearrailgement and Cydization
lene, <Cl % each.

Neither the rearrangement of propiophenone to 0 0
methyl benzyl ketone nor the conversion of either II _______________  ̂ ||
ketone into indan had been observed previously, but PhCCH2CH3 - PhCH,CCH3

perhaps the most interesting reaction of propiophenone
on SSPA catalyst is disproportionation to benzoic acid PhC=CCH3 ,
and 1,1-dimethylindan, 1,2-dimethylindan, 1,3-dimeth- ?
ylindan, and 1-methylnaphthalene. No path leading '
to these products involving the self-condensation of . EAS ?
propiophenone and reasonable intermediates was f  2. " - ii .o ' ^ \ +  f '

evident. The reaction path shown in Scheme II in- tioi™ 'CH,
volving an aldol condensation of propiophenone with
its rearrangement isomer, methyl benzyl ketone (proba- eas - h2o
bly formed by an oxygen-function rearrangement2'3),
yields the disproportionation products without going O
through usually high energy intermediates. This j jj \ ; h2 h+ II
sequence is consistent with the observations that + /  •*—  PhCH,CH2CH ■*—
methyl benzyl ketone, 1-phenyl-l-propyne, allylben- /  \
zene, 3-phenylpropanal, and indene undergo the in- H OH
dicated rearrangement, hydration, reduction, and B Condensation, Disproportionation, and Cydization
cydization reactions (Table I, runs 6-11) and that the 
cross-aldol condensates of propiophenone with methyl 0
benzvl ketone yield the disproportionation products on II + ., •
the catalyst (1-2.3%  yield, not corrected for unreacted PhCH2 3 ^ pA PhCH2CCH3  ̂ ° er 1̂
condensate) while the self-aldol condensates of each aidoi P k r r p r r u, , -j , rn  LLHAJfcL ruoonona resins
ketone do not. II II

It is interesting to speculate about the mechanism by o . O
which an a or id functionally substituted aromatic /
compound such as propiophenone or methyl benzyl *  H+
ketone may undergo cydization at the y  position to a
compound such as indene. The ketone rearrangements PhCH,CCH3 PhC+ PhCH=CCH3 + PhCH2CCH3 

observed in this work provide a path from the a-  to J, ^ 11 peppupr PhprcH,
the /3-substituted compounds. Further rearrangement B j II I ' i || ’ ”
to 3-phenylpropanal is unlikely, since aldehydes are sspa eas | h 0 O I---------------- 1 O
known to rearrange to isomeric ketones with consider- (CH,~> \ ' SSPA
able facility.4 Dehydration of methyl benzyl ketone
to the nonconjugated 3-phenyl-l-propyne seems un- dimethylindans PhCOOH dimethylindans + resins

Phenyl Alkyl K etone R eactions J  Org. Chern., Vol. 85, No. 6, 1970 1877



likely in the first place, but cyclization of the proton- S c h e m e  III
ated, nonconjugated alkyne also seems unattractive, Cl I.
since the linear geometry of the alkyne would need to CH, CH, |
be altered drastically to permit ring closure. Energetic- I ™ , I

PhCCHCH, ^  PhCHCCH, —  i  T H- \ - 0 H

- u a  * o oh.
U . > - H ~  U  \  'C V EAS -Hz0

XH NH
c h 3 c h 3

K  5 \  6 7H abstraction v

ally, the terminal vinyl cation is also an unattractive _H+ H ^ \ ^ stl'action
possibility. I CH3

A more likely cyclization path is the path through
the protonated enol of methyl benzyl ketone, as [ jT  \ — CH3 f I T / — CH3 f IP /
is shown in Scheme II, part A. This protonated 7
enol is seen to occupy an intermediate postion in the 
“proton-placement energy-barrier” sequence between
the ketone conjugate acid and the primary carbonium material deposited on the catalyst [indene forms indan
ion formed by a hydride shift in the conjugate acid. in good yield (Table I, run 11)].

I t  is interesting to note that no 2-methylindan (8) was 
OH detected despite a careful search. Thus, in contrast

(  J  r+9 0H f  JH -—C— OH (f J  to 3-methylindene (7), 2-methylindene (4) (which is
\+/ +(P  X H formed in 5%  yield, the same as 3-methylindene) is not

Y {/  T q  2 reduced to the corresponding indan 8. It appears that
the carbonium ion 5 formed by protonation of 2- 

The ketone conjugate acid is undoubtedly formed first, methylindene (4) deprotonates or rearranges to the
and the terminal carbon atom clearly eventually takes more stable conjugated ion 6 much faster than it
on sufficient positive charge to interact with the ring undergoes the hydride abstraction reaction. The
electrons. Hydrogen, with an electron pair, must be possibility that this reaction might proceed through
transferred from the terminal carbon atom to the the alkyne formed by dehydration of 3-phenyl-2-
original carbonyl carbon. It is quite probable that the butanone is not particularly attractive, since the linear
lowest energy path for this sequence of events will have geometry of the alkyne would have to be altered
the protonated enol at or near the energy maximum, and drastically to permit ring closure (see above). In addi-
this species probably is the immediate precursor to the tion, despite a careful search neither 3-phenyl-l-butyne,
transition state for the cyclization reaction. nor its expected cyclization product, 1-methylindene,

The primary reaction of isobutyrophenone with could be detected as reaction products.
SSPA catalyst (Table II) (15 passes, 320°, 70%  re- The major reaction of butyrophenone (Table II, 
covery of liquid material) was formation of 1-methyl- run 13) is cyclodehydration to the same products as
indan (9), which made up 59% of the recovered ma- obtained from isobutyrophenone, namely, 1-methyl-
terial (43% net yield). The remainder of the recovered indan (9, 32%  by glpc analysis of the total recovered
material consisted of isobutyrophenone (13% ), ben- liquid product), 3-methylindene (7, 8% ), 2-methyl-
zene (15% ), 2-methylindene (4, 5% ), 3-methylindene indene (4, 5% ), and naphthalene (9% ). In addition,
(7, 5% ), naphthalene (1% ), and 3-phenyl-2-butanone benzene (16% ), l-phenyl-2-butanone (5%), traces of
(1% ). No cumene, isobutyric acid (from a deacyla- butyric acid, and unidentified hydrocarbons (5% ) were
tion), or benzoic acid (from a disproportionation re- produced, with 20%  of the butyrophenone unreacted,
action) was detected. The most likely mechanism for the cyclodehydration

It is evident that cyclization via a carbon y to the would seem to involve oxygen function rearrangement2’3
ring and a reduction step are required to give the major of butyrophenone to l-phenyl-2-butanone and then to
product, which, in this case, is obtained in prepara- 4-phenyl-2-butanone followed by conjugate acid for-
tively useful yields. The simplest view of the reaction mation and cyclization to 3-methylindene (7) followed
is show in Scheme III. by reduction to 1-methylindan (9). The rearrangement

The first step in this sequence is clearly possible, to l-phenyI-2-butanone was observed, and, when sub-
since the rearrangement product, 3-phenyl-2-butanone, jected to the catalyst (Table II, run 14), this ketone
is one of the observed products. The amount of the yields the same products as butyrophenone but in
rearranged ketone isolated was greater, 12%, when higher yields (7 passes, 21%, vs. 20 passes, 18%  1-
milder conditions were employed (300°, one pass), methylindan). Similarly, when subjected to the
than the 1% obtained under more vigorous conditions catalyst (Table II, run 15), 4-phenyl-2-butanone formed
(320°, 15 passes). The cyclization probably takes the same products in even higher yields (3 passes,
place through the protonated enol (see above), and the 31%  1-methylindan). In all of these reactions the
reduction through carbonium ion formation followed amount of 3-methylindene relative to the amount of
by hydride abstraction from the resinous decomposition 1-methylindan decreases with each pass. This was
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Table II
Y ields op the Important Products prom the Major Reactions of Isobutyrophenone,

B utyrophenone, P ivalophenone, and Related Compounds with SSPA Catalyst

Run No. of Temp, Yield,
no. Reactant Products passes °C %

12 Isobutyrophenone 1-Methylindan 1 5  320 4 3

13 Butyrophenone 1-Methylindan 20 320 18
14 l-Phenyl-2 -butanone 1-Methylindan 7  340 2 1

15 4-Phenyl-2-butanone 1-Methylindan 3  350 3 1

16 1-Phenyl-l-butyne Butyrophenone 3  360 18
l-Phenyl-2-butanone 3

17 4-Phenyl-l-butyne 1-Methylindan 2  360 32
1 8  4-Phenyl-l-butene 1-Methylindan 7  3 4 5  06
19 l-Phenyl-2-butene 1-Methylindan 2  360 7 9

20 Pivalophenone 2,3-Dimethylindene 5  360 3 5 «
1,2-Dimethylindan 1 7 “

21 3-Methyl-3-phenyl- 2,3-Dimethylindene 8 360 31“
2-butanone 1,2-Dimethylindan 1 1

“ Not corrected for recovered 3-methyl-3-phenyl-2-butanone.

especially noticeable with 4-phenyl-2-butanone, where product from the isomeric ketone (1,1-dimethylindan) 
the ratio of 3-methylindene to 1-methylindan went from was not formed. Instead, a mixture (73%  recovery
1.4 after the first pass to 0.23 after the third pass. of liquid material) containing 2,3-dimethylindene (46%)
These data support a mechanism involving ketone 1,2-dimethylindan (23% ), 1-methylnaphthalene (3%) 
intermediates. 1-methylindan (6% ), and 13% of an unresolved mix-

The yield (43% ) of 1-methylindan from isobutyro- ture of 3-methyl-3-phenyI-2-butanone and 2-methyI- 
phenone is higher than the yield (18%) from butyro- naphthalene was obtained, 3-Methyl-3-phenyl-2-bu-
phenone under comparable conditions (Table II, runs tanone was subjected to the SSPA catalyst (Table
12 and 13), even though the cyclization step would II, run 21) and gave the same products in approximately 
appear to involve a lower energy intermediate (the the same yields as pivalophenone. 
conjugate acid) in the butyrophenone case. Perhaps It seems evident that pivalophenone first rearranges 
the ketone rearrangem ent steps are partially  ra te  to  3-m ethyl-3-phenyl-2-butanone, which then cyclizes, 
limiting, and the branched-chain compound reacts as in Scheme IV. The isomerization of pivalophenone 
faster, or perhaps the methyl group of the ketone
conjugate acid interferes sterically with the electro- Scheme IV
philic attack on the ring.

The possibility that the main cyclization mechanism O 9Ha CHa 0 CH;i\  / CHj
for butyrophenone might involve alkyne intermediates p J X m  ssfa. m 1 L w _]T ™
was investigated (Table II, runs 16 and 17). After 1 3 1 1 3 *K+~f 0H
one pass over the SSPA catalyst, 1-phenyl-l-butyne CH3 CH3 CHz
was 75%  converted into a mixture of butyrophenone 1
and l-phenyl-2-butanone, with only traces of 1- eas|-h.o
methylindan and 3-methylindene present. After three CH3 CH3 Cî  ^
passes, most of the alkyne was gone, the main products _H+ ^ 9 % %
were the two ketones, and the concentrations of 1- f  ]T \ — CH3 •*-----f  — CW f  J L y
methylindan and 2-and 3-methylindene were beginning 
to build up. When 4-phenyl-1-butyne was subjected
to the catalyst (Table II, run 17), the cyclization _
products were formed in good yield, and no ketones H~ «>»tmcií®n H~ abstraction
were detected. In both runs 16 and 17 the products
could have been formed from the alkynes directly CH3
or from ketones produced by the hydration of the 3

alkynes. I t  should be noted that the protonated j || \ — CH, \ |j )
form of 4-phenyl-l-butyne does not suffer from the 
geometrical cyclization difficulty mentioned above for
other alkynes. to 3-methyl-3-phenyl-2-butanone is reported10 to be

When 4-phenyl-l-butene and l-phenyí-2-butene were 98%  complete in 25 hr  at room temperature with
subjected to the catalyst (Table II, runs 18 and 19), perchloric acid, demonstrating the ease with which
both formed 1-methylindan in excellent yield. How- this ketone rearranges.
ever, no indenes were formed, ruling out unique paths Solid supported phosphoric acid catalyst has been 
involving alkene intermediates in the ketone and shown to be an excellent medium for aliphatic ketone
alkyne cyclizations. rearrangements.2 However, results of the present re-

When pivalophenone was subjected to the SSPA search show that with phenyl alkyl ketones, rearrange-
catalyst (Table II, run 20), extensive rearrangement ment is followed by secondary reactions (disproportion-
to its isomer, 3-methyl-3-phenyl-2-butanone, occurred (10) T B Remi20Va and T E Zalesakaya> ZL 0bshch. Kkim„ , 4i 1395 
after one pass, but the expected cyclodehydration U964).
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* « » “ cyclodshydrotio») w h i c h . d e s t r o y ¡ t t o P =  « v̂ „ “ * 2 ” $  X , ‘ f S t Z t S g i  
ment isomer which IS produced. When the al y singlets, 9 H (CsH, and C6H6). The ir and nmr spectra of com-
moiety is larger than ethyl (n-propyl, isopropyl, t- pound 3 are identical with those of 1,1,3-trimethyl-3-phenylindan
butyl), rearrangement followed by cyclization to a prepared by subjecting a-methylstyrene to the catalyst. Dyp-
methyl or dimethyl substituted indene predominates none, «-methylstyrene, and cumene were subjected to the catalyst
over condensation and disproportionation. The in- and the products were separated and identified m the same
’ , , , j  manner as described for acetophenone.

denes w hich are thu s produced are p ro tonated  and Reactions of Propiophenone and Related Compounds.—The
the carbonium ions formed abstract hydride ions (prob- commercial propiophenone used was first purified by preparative
ab ly  fro m  polym eric m aterial w hich builds up on th e  glpc. A 50-ml sample of the ketone was passed over the catalyst
nn+ nW 'l to  nrnduee indans in good yield 1 4  times at 330° with a recovery of 30 ml of liquid. The productcatalyst) to produce mflansm good yie m was worked up and distillcd> and the components were separated

This catalyst seems to be an excellent ntediu ^ on SE-30 and QF-1 preparative columns. Benzene,
cyclizations. It has long been recognized11'12 that ethylbenzene, cumene, n-propylbenzene, indan, 1 -phenyl-l-
most phenyl-substituted ketones and olefins polymerize propene, and methyl benzyl ketone were isolated and identified
(except for those giving a tertiary carbonium ion at by comparison of their ir and nmr spectra and glpc retention

<1 „ „  LDf„ro P iro lW in tr in ncid media In  times on several different columns with those of authenticth e  3 position) before cyciizm g in  acid  m edia, in  A component of the fraction with a boiling point of
ad dition, m denes, once form ed, polym erize m  m ost gg_7 4 ° mm), 7.91 g, was isolated on a QF-1 column at 150°,
acid media.13 However, on SSPA catalyst, cycliza- giving 2 .2  ml of pure l,l-dimethylindan: n wo  1.5140 (lit. 18 ?i 20d
tions w ith  good yields were observed even w ith  com - 1.5141); ir (neat) 1376 and 1355 cm" 1 (geminal dimethyl);
pounds such as 1 -p h enyl-l-p rop yne, m ethyl benzyl nmr & g ™ ,  T83 ^  J 1  T a t
ketone, 3 -p h en yl-l-p ro p an al, and num erous phenyl- spectJu’m {7 ’Q eV) m /e  (rel intensity) 146 (14.7), 131 (1 0 0 ), 116
su b stitu ted  butanones, butynes, and butenes w hich (7-7); 1 1 5  (1 4 .4 ), 9 1  (19.3), 77 (7.6), 51 (8 .6 ), and 39 (8.9).
would polym erize in  o th er acid  m edia. A mixture of 1,2- and 1,3 -dimethylindan was obtained by prepara-

In many cases, treatment of the appropriately sub- tive glpc (SE-30 column). All of the major infrared peaks of
stitu ted  o le in s  w ith  S S P A  c a t n i p  appears to  be th e  E S S J E T a ™  "  —
m ethod of choice for th e  prep aration  0 1  su b stitu ted  5cci, l d 6  ^  3  CHCH3, 2 -methyl of 1 ,2 -dimethylindan) 
indans. 1.25 (d, 3 H ,C H C H 3, 1-methyl of 1 ,2 -dimethylindan), 1.28 (d,

6  H, CHCHs, 1- and 3-methyls of 1,3-dimethylindan), 1.5-3.2
Rvnerrm eutal S e ctio n  (m, CH3CH and G IF), 6.97 (s, 4 H, C6H4), and 7.01 (s, 4 H,

™  CeHj). A positive Jones oxidation of the mixture indicates the
General Experimental Technique and Instrumentation.14—A presence of benzylic hydrogens. Further separation of this mix-

complete description of catalyst preparation, reactor, and re- ture by preparative glpc gave nearly pure 1 ,2 -dimethylindan
covery systems and gas chromatographs used in this study has (determined by ir and nmr spectra). 1-Methylnaphthalene,
been given in a previous paper of this series. 2 The weight ratio still somewhat impure, was obtained by preparative glpc.
of 85% phosphoric acid to support (Chromosorb W, Johns- Methyl benzyl ketone, 3-phenylpropanal, 1 -phenyl-l-propene,
Manville) ranged from 4.5 :1  to 6 :1  with little difference in allylbenzene, and indene were treated with the catalyst and their
catalyst activity noted. A flow rate of 65 ml/hr of reactant over products were separated by glpc and analyzed in the same
a bed of ca . 90 g of catalyst was used, with a nitrogen carrier manner as described above. _
flow rate of 5-10 ml/min (mean residence time ca . 10-20 min). Aldol condensates of propiophenone, of methyl benzyl ketone,

The weight percentage values for the various products were and of a 2 .7 :1  molar mixture of propiophenone with methyl
calculated by glpc analysis using n-propylbenzene as an internal benzyl ketone were prepared14 using gaseous HBr. The three
standard according to the technique of Lo Chang and Karr . 16 condensates (30 g) were mixed with equal volumes of benzene,
The chemical yields were then calculated from these weight and 1 ml of water and passed over the catalyst six times. A
percentage values, the total weight of the liquid sample being sample (0.005 ml) of the reaction mixture was analyzed by glpc
analyzed (corrected for nonvolatile residues which were not after each pass.14 Benzoic acid was extracted after the last pass
included in the glpc analyses), and the stoichiometries of Schemes with 20% NH4OH and precipitated with dilute HC1.
I-IV . For separable solid compounds, e .g ., benzoic acid, the Identification of Isobutyrophenone, Butyrophenone, and
weights were measured directly. Pivalophenone Reaction Products. Isobutyrophenone, butyro-

Reactions of Acetophenone and Related Compounds.—Aceto- phenone, pivalophenone, and related compounds were passed
phenone (50 ml) was passed seven times over the catalyst at over “he catalyst, and the reaction mixtures were worked up and
360 ±  5°. The 30 ml of liquid product recovered was washed analyzed in the usual way.
with ammonium hydroxide, and 6 .0  g of benzoic acid was recovered Benzene, naphthalene, and 3-phenyl-2-butanone were isolated
from the basic extract. The organic layer was dried, filtered, in pure form from the recovered isobutyrophenone^ reaction
and distilled. Six fractions were collected and 7.1 g of residue mixture and identified by their ir and nmr spectra. A distillation
remained in the kettle. Fraction 1, bp 65-80° (735 mm), 5.0 g, fraction, bp 67-68° (10 mm), contained 1 -methylindan, which
was essentially pure benzene. Fraction 2, bp 80-120° (735 mm), was purified by glpc: n25D 1.5145 [lit.19 bp 60-70° (12 mm); n25d
2.1 g, contained cumene and «-methylstyrene, which were 1.5241]; nmr 5?sm 1.19 (d, 3 H, CHCH3), 1.60 (m, 1 H, CHH),
separated by preparative glpc on a QF-1 column and identified 2.12 (m, 1 H, CHH), 2.60-3.28 (m, 3 H, CH2 +  CHCHs), and
by their spectra. Fractions 3 and 4 were mainly unreacted 6.98 (s, 4 H, C6H4); ir and uv spectra identical with those of 1-
acetophenone. Fraction 5, bp 134-140° (10 mm), 1.2 g, was methylindan;19 mass spectrum (70 eV) m /e  (rel intensity) 132
essentially pure l,l,3-trimethyl-3-phenylindan (3): mp 51-52°; (31), 131 (30.7), 130 (20.5), 117 (100), 91 (18.1), 77 (10.9), and 63
n25D 1.5682 [lit.16 mp 52-53°; bp 155° (12 mm); n20D 1.56809]; (13.6). 3-Methylindene was separated by glpc from a fraction
ir (CCh) 1380 cm - 1  (geminal dimethyl); nmr <Ss 1.01 (s, 3 H, with a boiling point of 6 8 - 8 8 ° (10 mm) [lit. 20 bp 70° (10 mm)];
CCH3), 1.30 (s, 3 H, CCH3), 1.63 (s, 3 H, CCH3), 2.15 (d, 1 H, nmr S?£s 2.12 [s (fine splitting), 3 H, C =C C H 3], 3.20 [s (fine
CH), 2.41 [d, 1 H, CH, J ab/<b- a) = 0.33 Hz (indicating17 splitting), 2 H, CH2], 6.04 [s (fine splitting), 1 H, C = C H ],
-----------------  and 6.95-7.2 (m, 4 H, C6H4); ir spectrum identical with

(11) M. Bogert and D. Davidson, J .  Amer. Chem. See., 66, 185 (1934). that of 3-methylindene; 21 mass spectrum (70 eV) m /e  (rel
(12) W. von Miller and G. Rhode, Chem. Ber., 23, 1881 (1890). ----------------------*
(13) C. Rradsher, Chem. Rev., 38, 447 (1946). (18) J .  W. Wilt and C. A. Schneider, J .  Org. Chem., 26, 4196 (1961).
(14) See F . E . Juge, Jr ., Ph.D. Dissertation, University of Arkansas, (19) J .  Entel, C. H. Ruof, and H. C. Howard, Anal. Chem., 25, 1303

1967, for full experimental details. (1953).
(15) Lo Chang and C. Karr, Jr ., Anal. Chim. Acta, 21, 474 (1959). (20) E . Rodd, “Chemistry of Carbon Containing Compounds; A Modern
(16) E . Bergman, H. Taubadel, and H. Weiss, Chem. Ber., 64, 1493 (1932). Treatise,” Vol. 12A, Elsevier Publishing Co., Amsterdam, 1962, p 107.
(17) L. M. Jackman, “Applications of Nuclear Magnetic Resonance Spec- (21) American Petroleum Institute, “Catalog of Infrared Spectral Data,

troscopy in Organic Chemistry,” 3rd ed, The Macmillan Co., Inc., New York, Serial No. 1598, Project No. 44, Carnegie Institute of Technology, Pittsburg,
N. Y ., 1963, p 90. Fa.
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intensity) 130 (100), 129 (64.9), 138 (36.6), 127 (17.6), 115 previously. Benzene, 1-methylindan, and 1,2-dimethylindan
(97.5), 77 (15.4), 65 (12.7), 63 (21.8), 51 (29.3), and 39 (20.9). were isolated by preparative glpc and identified by comparison
2-Methylindene was isolated by glpc from the same fraction of their ir and nmr spectra and glpc retention times with those of
[lit.20 bp 79° (10 mm)]: nmr 2.10 [s (fine splitting), 3 H, authentic samples. 1- and 2-methylnaphthalene were isolated 
V - c e i ls ] ,  3.17 (s, 2 H, CH2), 6.36 [s (fine splitting), 1 H, as a 1:1 mixture and identified by comparison of their physical
C = C H ], and 6.9-7.2 (m, 4 H, C6H<); ir spectrum identical with and spectral properties with those of an authentic 1:1 mixture,
that of 2-methylindene.22 The mass spectrum shows nearly the A distillation fraction, bp 110-125° (30 mm), yielded 3.87 g of
same cracking pattern as 3-methylindene and the mass spectra 2,3-dimethylindene by preparative glpc: mp 9-10 (lit.25 mp
of both indenes are similar to that of a mixture of methylindenes 11°); ir spectrum identical with that for 2,3-dimethylindene;22
found in the literature.23 These same products were isolated and nmr S?£s 1.75 (s, 6 H, CH3C =C CH 3), 2.81 (br s, 2 H, CH2),
identified from the SSPA reactions of butyrophenone, l-phenyl-2- and 7.05 [s (fine splitting), 4 H, CeH,].
butanone, 4-phenyl-2-butanone, 1-phenyl-l-butyne, and 4- 3-Methyl-2-butar_one was allowed to react with the catalyst,
phenyl-1 -butylie. 1-Methylindan was isolated and identified and the 2,3-dimethylindene product, obtained by preparative
similarly from the SSPA reactions of l-phenyl-1-butene and 1- glpc, was dissolved in benzene and subjected to fresh catalyst.
phenyl-2-butene. The products were analyzed by glpc and nmr, showing 28%

Pivalophenone was prepared by a reverse Grignard reaction24 conversion of the indene into the same products obtained from 
and subjected to the catalyst in the same manner as described pivalophenone and 3-methyl-3-phenyl-2-butanone.

(22) T . L. Yarboro, C, Karr, Jr., and P. A. Estep, J .  Chem. Eng. D a t a ,  6, Registry No.— 3, 3910-35-8) 4, 2177-47-1) 7, 767- 
421 (1961K „ 60-2: 9, 767-58-5; 1,1-dimethylindan, 4912-92-9; 2,3-

(23) American Petroleum Institute, Catalog of Mass Spectral Data, ’ ’ A%iyo 00  A

Serial No. 1250, Project No. 44, Carnegie Institute of Technology, P itts- dim ethylm dene, 477d-OZ~4.

bU(24)Py  Ford, C. Thompson, and C. Marvel, J .  Amer. Chem. Sac.. 67, 2619 (25) G. Egloff, “Physical Constants of Hydrocarbons,” Vol. IV , Reinhold
(1935) Publishing Corp., New York, N. Y ., 1947, p 48.
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The lithium-liquid ammonia reduction and reduction-methylation of 3-buten-2-one derivatives frans-4-phen- 
yl-3-buten-2-one (la), 3-methyl-4-phenyl-3-buten-2-one (lb), and 4-methyl-3-penten-2-one (lc) have been in
vestigated. In each case the only monomethylation product obtained was derived from the specific lithium eno- 
late generated reductively. Unlike 2-cyclohexenone derivatives, open-chain enones la-lc also gave much poly
methylation, ascribed to the effect of the conjugate base of the proton donor employed m the reduction step. 
Polymethylation was minimized by the use of triphenylmethanol as proton Conor or by the addition of excess ace
tone with the alkylating agent.

Stork and coworkers2 have developed a procedure in several studies on reduction-alkylation in cyclic
for the reduction-alkylation of an a,/3-unsaturated systems.7 9
ketone to give the a-alkyl saturated ketone uncontam- Side reactions leading to polyalkylation products 
inated with the a'-alkyl isomer. The procedure con- are generally moderate in extent for the reduction-
sists of treatment of an a ;lS-unsaturated ketone with 2 alkylation of derivatives of 2-cyclohexenone ■ bu
equiv of lithium in liquid ammonia to produce a specific extensive for systems in which the enone moiety iŝ  not
lithium enolate, followed by treatment of the enolate part of a ring. In the present study, the reduction-
with an alkyl halide in an appropriate solvent, as shown methylation of some 3-buten-2-one derivatives ( a
for 2-methyl-2-cyclohexenone in Scheme I. lc) has been carried out with a view toward investigat

ing the reaction pathway by which polymethylation 
Scheme I occurs and finding optimum conditions for monometh

ylation. Some further work on cyclic systems has 
O 0"Li+ 0 been carried out with 4,4-dimethyl-2-cyclohexenone

^ I ^ M e  2L. ^ J ^ M e  Rx (Id) and 2,4,4-trimethyl-2-cyclohexenone (le).

R,\ „ II 0 0
The specificity of the reduction-alkylation depends C*=C C CH- II

upon the relatively slow equilibration among structur- 2 I ( j l  [ fl
ally isomeric lithium enolates2' 6 and has been confirmed 3

la,R, = Ph;R2 = R3 = H A  /\
(1) (a) Supported by the National Science Foundation and the R e- » p _  p u .p  __p|. R q =  Me M e M e M e M e

search Corporation, (b) Undergraduate Research Participant, National ’ 1 ’ I .  ’ u  u
Science Foundation. . ____ __ c, R, -  R* = Me; R3 -  H  Id le

(2) G. Stork, P. Rosen, N. Goldman, R . V. Coombs, and J .  Tsuji, J .  icar
. ct ai* 07K noA,\ (4) D. Caine, ibid ., 29, 1808 (1904).

s  „  9,5

i t  p ^ 6b ^ =  f t  S  H. “ BB: j  l ! K  W.7 . lowers, J k  t ,  C * *  ,  On,
357 (1964); (f) H. O. House and T . M. Bare, J .  Org. Chem., 33, 943 (1968). 32, 2851 (1967).
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In order to establish that generation of the lithium kylation of cyclic enones; in the present work they
enolates from 1  could be carried out in good yield, sim- were likely formed by protonation of the enolate by
pie lithium-liquid ammonia reductions of enones la - le  the proton donor followed by further reduction by lith-
were performed. The enone (usually admixed with 1 ium. Smooth reduction to give 3 also resulted when
equiv of a proton donor9) was added to 2  equiv of lith- triphenylmethanol was the proton donor; however,
ium in ammonia, followed by the addition of excess significant quantities (17-51% ) of 4 were obtained with
ammonium chloride to the mixture. The structures other donors. The extent of overreduetion to give 4
of the products isolated from enones la - lc  are shown does not correlate with the thermodynamic acidities
in Scheme II, where 3 represents the a,/3-dihydro prod- of the donors. 10 However, such a correlation does
uct and 4 the saturated alcohol product in each case. obtain among the oxygen acid donors in Table I as well

as between the nitrogen acid donors. I t  may be that 
Scheme II the extent of overreduction depends upon the rate of

R R. OH attack of the donor on lithio carbanion aggregates and
p 9 | i| | '2 | that initial coordination of nitrogen with lithium en-

R R hances the rate for nitrogen acids.
1 T  1 I 1 I Previous work9 has indicated that reduction of

Ra 3 2 -cyclohexenones in the absence of a proton donor leads
1 nh '  /  3 4  to recovery of significant quantities of starting enone,

Y  q e x c e p t  with 3 -methyl-2 -cyclohexenone; which has a 
2Li|NHJ /  I2 |i fully substituted /? carbon. In contrast, Table I re-

^  3 + 4  + cords that lc, which also has a fully substituted 0  car-
0~Li+ R, bon, gave 20% starting enone in the absence of a donor,

r  | 1 J It is noteworthy that le  was reduced smoothly to pure
R -M-  >. 5 3e with a variety of proton donors, ranging from acetic

1 1 R: 0  R> 0  acid (p& = 5) to triphenylmethane (pfc = 33) . 10 Con-
+ 1 1 ^ + J J I ^ .  jugate addition by amide ion to form a reduction-resis-

2 Ri Ri tant species has been suggested9 to explain the recovery
R3 R3 of enone in the reduction of l e ;  if so, it is interesting

6 7 that even a proton donor so weakly acidic as triphenyl
methane led to complete reduction of le .

„  , , , . Results of Reduction-Methylation Experiments.—
Product analyses for the reduction experiments are • , , ...

, • ui r I?  ̂ ,. - , Reduction-methylations were carried out with corn-shown m iabfe 1 . Every enone gave a satisfactory ,. ., , , , ,• , ,  r ,  ... , • . ,, pounds la - ld  by generating the enolate as describedyield of 3, either pure or containing no more than 7%  , . , /  , , ,. ., ... ,, , ■ ,t +l 1 , j i i i t*\ u i • c , u 4.' i above for reduction and treating it with methyl iodide,of the saturated alcohol (4), when 1 equiv of f-butyl , , . . . .  , , , ,
"  H J An equal volume of ether was added before alkylation,

as recommended previously. 9 The structures of the
T able I principal products (determined by spectroscopic tech-

L ithium- L iquid Ammonia R eductions op E nones niques using samples collected by preparative-scale
vpc) were as shown in Scheme II, where 5, 6 , and 7Proton donor Product x 1 ,(i equiv) ,__composition, %__, represent the mono-, di-, and trimethylation products,

Enone used 3 4 Yield, % respectively. Each a,j3-dihydro product (3) was iden-
la  ¿-BuOH 100 0 66“ tical with that produced by simple reduction. In
la Ph;iCOH 100 0 54° addition, 5a, the monomethylation product from la,
la MeOH 83 17 was identical with 3b, the simple reduction product
|b 97 36 61“ from lb ;  similarly, 5d was identical with 3e. In each
lc Ph COH 96° I" 5 1 * 65<i case, the only monomethylation product (5) obtained
lc MeOH 78 22 was ^bat derived from the specific enolate produced in
lc Pyrrole 4 9  5 1  the reduction step; i . e . , the a-methyl derivative was ob-
lc PhjNH 72 28 tained but not the a'-methyl. This observation agrees
lc None 42 38* with the established principle that the l i th iu m  enolates
id i-BuOH 100 0 62“ of ketones can be trapped by reactive alkylating agents
id None 60 0/ without appreciable equilibration among the structur-
le  Various® 100 0 97d''* ally isomeric enolates.2-9
le1 None 53 0> Table II records the product analyses for some reduc-

“ Based on distilled material. 6 Not conclusively identified. tion-methylation experiments. Unlike substituted cy-
“ Average of two runs. Based on vpc analysis using m-xylene clnheYPnones9 a n d  n th p r  cv clir  enones 2 r e d u c tio n -
as internal standard. • The product mixture also contained 20%  C lo n e x e n o n e s  a n a  O th er  c y c l i c  e n o n e s ,  red u ctio n
starting enone lc. f The product mixture also contained 40% methylation of open-chain enones l a —lc  gave rise to
starting enone Id. » Separate trials gave the indicated product substantial quantities of polymethylation products
analysis with the following donors: acetic acid, water, pyrrole, (6 , 7 ), even when 1 equiv of methyl iodide was employed
¿-butyl alcohol, diphenylamine, and triphenylmethane. ‘  For (Table II, expt 1 , 2, and 8-10).
trial using diphenylamine. * Data from ref 9. > The product v F  ,  ,, ’ , . , .
mixture also contained 4 7 % starting enone le. As a consequence of the proton donor employed m

the reduction step, 1 equiv of the conjugate base of the
, t t , j  , , . ..  ,, „. .„ , donor (e .g ., lithium f-butoxide when f-butyl alcohol wasalcohol was added along with the enone. Significant

quantities of alcohols have not been obtained in _ , _ ,tT, J , , _ . ,
previous work on the reduction or reduction-al- press inc„ New York, n.y ., ms, chapter!.
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T able I I
R e d u c t io n - M e t h y l a t io n  o f  E n o n e s  i n  E t h e r - L iq u id  A m m o n ia  

E quiv of
P ro ton  donor compound Equiv

(1 equiv) added before of ,----------------------P roduct composition, % --------------------- -
E xp t Enone used m éthylation M el 3 4 5 6 7 Yield,0 %

l 6 la  i-BuOH . . .  1 23 0 54 16 7 66”
2 la  i-BuOH . . .  6 2 0 48 41 9
3 la  f-BuOH 1 .0  i-BuOLi 6 1 0 13 20 66
4 la  Ph3COH . . .  6 20 0 73 7 0 69<*
5 la  PhsCOH 0 .5 P h 3COLi 6 23 0 58 19 0
6 la  i-BuOH 1 .0  3d” 6 5 0 50/ 26 10
7 la  i-BuOH . . .  24» 12 0 85 1 2
84 lb i-BuOH . . .  1 28 0 62 8‘ 2* 75”
9*> lc  f-BuOH . . .  1 21 8 52 10 6i 79”

106 lc  ¿-BuOH . . .  3 -5  1 9 34 33 23
11 lc  PhaCOH . . .  3 9 7 75 8 0 84<*
12 Id f-BuOH . . .  4 14 0 86 0 0 90d
13 Id f-BuOH 1 .0  3a ’ 6 10 0 90 0 0
14* le  ¿-BuOH . . .  6 7 0 93 0 0 46

“ The total yield of all products, including starting material, is recorded. b Average of two runs. ” Based on distilled material con
sidering it to be only monoalkylation product. d Based on vpc analysis using ro-xylene as internal standard. e 4,4-Dimethylcyclo- 
hexanone. Vpc indicated that 12%  of 3d was converted into 2,4,4-trimethylcyclohexanone (5d) in this experiment. /  An unidentified 
product, 8 %, with vpc retention time similar to that of 5 was detected. » Six equivalents of acetone added with M el. h Not con
clusively identified. * Vpc showed 3%  unidentified high-boiling material. > Vpc indicated that 41%  of 3a had been converted into 
alkylation products in this experiment. * D ata from ref 9.

the donor) was present during the alkylation step. A  T a b l e  III
comprehensive study by House and Trost6 of the alkyla- M é t h y l a t io n “ o f  K e t o n e s  i n  E t h e r - L iq u id  A m m o n ia
tion of lithium enolates in 1,2-dimethoxyethane solution U s in g  L it h iu m  ¡ -B u t o x id e
in the presence of lithium ¿-butoxide11 indicated that ------------ Product composition, %-------- -— -
this base was principally responsible for the polyalkyla- Ketone “ “ diet" " ‘X d u c tT
tion they observed. In the present study, polymeth- 50 43„ 7<i
ylation products would be expected to result from the 3b 43 46» ID
lithium alkoxide present during méthylation, as de- 3c 24 58‘ 18'
picted for the polymethylation of 2a in Scheme III. 3c<= 45 55 0

3d 70 301 0
S c h e m e  III (5d)" 75 2 5 ” 0

+ _ .+ ° Unless otherwise indicated, 6 equiv of M el and 1 equiv of
O Li 0  O Li i-BuOLi were employed in each experiment. b Total ketone re-
[ Mel J[ i-BuOLi  ̂ covery was 65% using m-xylene internal vpc standard. ” Prob-

V ably l-phenyl-3-pentanone. d Mixture of two components be-
I I lieved to be isomeric dimethylation products. ■ Average of two

2a ga runs. /  Total ketone recovery was 70%  using m-xylene internal
vpc standard. « Identical with 6a. h Identical with 7a. * 5-

Mef Methyl-3-hexanone. > Mixture of three or more components;
major component 2,5-dimethyl-3-hexanone. * Lithium amide 

.+ was employed as base in this experiment. 1 2,4,4-Trimethyl-
O U Li 0  cyclohexanone. m Four equivalents of Mel were employed in

M̂el (;-BuOLi this experiment. n 2,4,4,6-Tetramethylcyelohexanone.

7a ¿-butoxide followed by excess methyl iodide. The
a a méthylation products in each case were those derived

from successive replacement of hydrogen at the less  
Ancillary data on the effect of lithium alkoxides was highly substituted a carbon. The méthylation of
provided by an investigation of the méthylation of some 3  ̂ was particularly noteworthy in that the starting
saturated ketones in conditions similar to reduction- material was identical with 5a, the mono méthylation
méthylation experiments, and the results are recorded product in reduction-methylation of la  (Table II,
in Table III. The literature contains several examples expt 2 ). The higher méthylation products had identi-
of the alkylation of ketones in the presence of sodium or caj  structures in the two experiments. Although
potassium alkoxides in solvents such as ethers, hydro- méthylation could also be carried out using lithium amide
carbons, and alcohols,12 but the use of lithium alkoxides (see Table III), the presence of this base during reduc-
in ammonia has not been reported. tion-methylation is ruled out by the presence of the

Each of the open-chain saturated ketones 3a-3c proton donor, an acid much stronger than ammonia,
underwent substantial mono- and dimethylation in Also, lithium amide forms a suspension in ether-am-
ether-ammonia when treated with 1 equiv of lithium monia, whereas homogeneous mixtures were observed

, ., , in reduction-methylation.(U ) One equivalent h th ium  (-butoxide wae produced as a  consequence ,  . ,  «■  . „ 1  # n . , I r . v ; r l o
ol the  reaction by which specific enolates were generated by these workers: Further evidence for the effect Ol lithium t  D U tO X lÜ e
the  trea tm en t of 1 equiv of an enol ace ta te  with 2 equiv of m ethyllithium . W âS  obtained by the addition of an equimolar amount
T (12LTSe%HV0MHr r o : f odrana ?Sothetic ReaCtionS’” W- A- Beniamin' of that compound (thus doubling its concentration)Inc., New York, N. Y., 1965, pp  184-189. ^  ^
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to 2a before methylation (Table II, expt 3). A  sub- thermodynamically less acidic and dc not transfer a
stantial increase in total polymethylation products proton to alkoxides in ammonia is eliminated by the
resulted (cf. expt 2). The increase in the extent of successful methylation of 3d and 3e using lithium t-
polymethylation was greater than indicated by a simple but oxide (Table III). Modest differences in the extent
comparison of percentages, since the trimethylation of polymethylation have previously been observed in
product (7a) (66% in expt 2) was derived from a mono- the reduction-methylation of substituted 2-cyclohex-
methylation product which had been alkylated two enones.9 The differences can probably be ascribed to
additional times. slight differences in the kinetic acidities of the ketonic

In an effort to find an effective proton donor whose products, 
conjugate base would cause less polymethylation, tri-
phenylmethanol was employed (Table II, expt 4 and Experimental Section15
11). M u ch  less p o ly m e th y la tio n  resu lted  (cf. e x p t ^ s.4-Phenyl-3-buten-2-one (la), 4-methyl-3-penten-2-one18
2 an d  10) an d  a  good yield  OI re la tiv e ly  p u re  5 w as ob - 4 -methyl-2-pentanone (3c), and 4-methyl-2-pentanol (4c)
ta in ed . T h e  ad d itio n  of lith iu m  trip h en y lm eth o xid e  were commercial products.
before methylation (expt 5) increased polymethylation, 2,4,4-Trimethyl-2-cyclohexenone (le), bp 85-88° (20 mm), 
but not as much as ¿-butoxide. ' 2 ,4 ,4-trimethylcyclohexanone (3e), bp 82° (20 mm), and 4,4-

„  . , , ,, , . ,, , e , • . dimethyl-2-cyclohexenone (Id), bp 79-80 (20 mm), were pre-
Tnphenylmethanol is the reagent of choice as proton pared ^  previously described.9

donor in reduction-methylation syntheses, based on its 3-Methyl-4-phenyl-3-buten-2-one (lb) gave the following 
effect in promoting effective reduction and minimizing data: bp 117° (5 mm) [lit.17 bp 130° (12 mm )]; ir 6.00 and
polymethylation. The lower extent of polymethylation 6.14 m; nmr 5 1.82 (d, 3, J = l Hz, C-3 M e), 2.16 (s, 3, C -l M e),
may be due to steric factors, the base strength of tri- 6-7,i and 6.81 (d, J -  1 Hz), tota area ( 6 7 “’
phenylmethoxide, or aggregation ol lithium tripnenyl- published methods.18
methoxide. A nal. Calcd for CnH,20 :  C, 82.46; H, 7.55. Found:

It is possible that part of the polymethylation comes C, 82.36; H, 7.49. 
as a result of ionization of ketonic products (e .g ., 5) Lithium ¿-butoxide was prepared by refluxing lithium metal 
u  , , , , 0 rp. • , , ( '  „■  with excess ¿-butyl alcohol (freshly distilled from sodium) and
by unreacted enolate 2. This proton-transfer reaction evapOTating the ; xcess alcohol in  vacuo at 7(1°. Lithium tri-
would result in formation of the a,/3-dihydro product 3, phenylmethoxide was prepared by treating triphenylmethanol
which was indeed obtained in each reduction-methyla- in hexane under N 2 with n-butyllithium in hexane, heating to 
tion experiment. Direct evidence against appreciable reflux, and distilling t'wo-thirds of the solvent. The product
proton transfer of this type came from expt 6 and 13 of wa® colle<ved by “ jon % d d" ed%  mcu?il  , , TT . , . , • 1 . , , . ;  r , General Procedure for Lithium-Liquid Ammonia Reduction of
Table II, m which an equimolar quantity ol a struc- Enones .- T h e  reductions of the various a,/3-unsaturated ketones 
turally dissimilar, saturated ketone was added to enolate were carried out as described previously9 by adding dropwise 
2 b e fo r e  methylation. No appreciable increase in the under N2 over a 20-30-min period an equimolar mixture of enone
proportion of 3 compared with control experiments (expt and proton donor in three volumes of ether to a stirred solution
A , 1<v. r , Tj. ___ of ca. 2 .2 g-atoms of lithium/1 mol of ketone m dry ammonia2 and 12) was found, i t  seems likely that 3 arose, as ... ... , ,6 ,. „ ' , „„„ , ti,»L . i  . , ’ . (disnlled from sodium, ca. O.o-l ml per 1 mg ol lithium), the
suggested previously, from, protonation 01 2 by meth- reaction mixture usually remained blue; occasionally the blue
ylammonium ion derived from methyl iodide solvolysis. color was discharged after ca. 90%  of the enone was added, in
This view is supported by an experiment in which which case the addition was stopped. The mixture was stirred
methyl iodide was stirred in liquid ammonia for 15 min for min and exoess NI^C1 wa* added; Aftter eva% ra", ,, i i i .  i j- r i , ~ tion of the ammonia at room temperature and reaction mixture
and then added to a solution of enolate 2e. No was worked up M before9 in water and ether. The combined
methylation products were detected and 79%  3e was ether extracts were dried and concentrated to a small volume
obtained. under reduced pressure. Vpc analysis19 was carried out at this

The failure to observe appreciable enolate equilibra- point; a weighed quantity of ??i-xylene was added to some product
tion suggested a procedure to minimize polymethylation. “ r<\s as an interna1 standard. In some trials, no internal

A large excess of methyl iodide admixed with excess analysis. in the reductions of ic, only about two-thirds of the
acetone was added to enolate 2a (Table II, expt 7). ether was removed under reduced pressure; the remainder was
The monomethylatioil product (Sa) comprised 85% taken off at atmospheric pressure by flash distillation through a
of the product mixture, total polymethylation 1 X  30 cm unpacked column,
amounted to only 3% , and only a moderate quantity
of 3a (12%  compared with 2% in expt 2) was obtained. f1» Meltine poi% \ d" n . d  ™ » F " ° h n S apparatus, and boilingv /L/ c / v  '  r  / ' points were uncorrected. l r  spectra were determ ined with a rerk in-li/lm er

The structures of the methylation products obtained 1 3 7 b' spectrophotom eter. N m r spectra were determ ined a t 60 M H z with
ill the experiments of Tables II and III indicates that a Varian A-60 spectrom eter and unless otherw ise sta ted  are in CCb solutioni - 1 ♦ i c i i ' l l  j * relative to  internal TM S. Analytical vpc was performed on an F  & M
each is derived from the less highly substituted kinetic Model 700 gas chromatograph with helium as the earrier gas. P roduct
enolate.4'13 The failure to observe substantial amounts composition was calculated by the  area norm alization m ethod. P reparative
of products derived from the more highly substituted vpc 'vas Performed on a M icrotek 2500R with nitrogen as the  carrier gas., , , . 1 xi 1 Tii ♦ 11 -i 1 i-B utyl alcohol was refluxed over sodium and distilled. M ethyl alcohol was
6n .01£lt6b  S U ggC S t»  t h a t  l i t h i u m  ¿Llk.OXld.es m a y  b e  distilled from magnesium methoxide. Acetic acid was distilled from acetyl
m o r e  s e l e c t i v e  k i n e t i c a l l y  t h a n  t r i t y l l i t h i u m  p r e v i o u s l y  borate. Pyrrole was dried over potassium  hydroxide. T riphenylm ethanol,
p m n l n v p d  4.13 diphenylamine, and triphenylm ethane were used as received. M ethyl iodide

^  _ . was distilled from phosphorus pentoxide. All ketone sta rting  m aterials
1 1I 6  e x t e n t  Ol p o l y m e t n y l a t i o n  i n  t h e  o p e n - c h a i n  were distilled and were a t least 99% pure by vpc. Lithium  m etal wire was

k e t o n e s  i n v e s t i g a t e d  h e r e  i s  g r e a t e r  t h a n  i n  a l i c y e l i c  a  low-sodium product from Lithium  Corp. of America. M icroanalyses were
k e t o n e s  b e c a u s e  t h e  k i n e t i c  a c i d i t y  o f  t h e  f o r m e r  i s  ca% 'd °nu t b I  G“ h . J - boratorie. in c  Knoxville. r . n n(16) Dried over Drierite and distilled using a  spinning-band column.
greater. The possibility that alicyclic ketones are (17) I. Heilbron, E d„ "D ictionary of Organic Com pounds,” Vol. IV,

4 th  ed, Oxford U niversity Press, New York, N . Y., 1965, p 2294.
(18) (a) M. T. Bogert and D. Davidson, J .  A m e r .  C h e r n .  S o c . ,  54, 335

(13) H . O. House and B. M . Trost, .7. O r g . C h e m . ,  30, 1341 (1965). (1932); (b) J . D. G ettler and L. B. H am m ett, i b i d . ,  64, 1826 (1942).
(14) K inetic studies7,8 have shown comparable alkylation rates for struc- (19) Unless otherwise noted, vpc analyses were carried ou t using a  column

tu rally  isomeric lithium  enolates derived from cyclohexanones. packed with SE-30 silicone gum rubber.
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Reductions of inms-4-Phenyl-3-buten-2-one (la ).— From  14.6 with the following composition: 3a, 2 4% ; Sa, 55% ; 6a, 14%; 
g (0.1 mol) of la , 7.41 g (0.1 mol) of ¿-BuOH, and 1.60 g (0.23 and 7a, 5% . In a similar run on ca. one-fifth the scale in 500
g-atom) of lithium in 500 ml of ammonia was obtained 9.76 g ml of ammonia, the product analysis was as follows: 3a, 22% ;
(66% ) of pure 4-phenyl-2-butanone (3a): bp 80-85° (8 mm) Sa, 52% ; 6a, 16% ; and 7a, 11% . The components were col-
[lit.20 bp 115° (13 mm )]; ir 5.83 n; nmr 8 1.93 (s, 3), 2 .3 4 - lected by preparative vpc, and (in order of elution) were identified
3.00 (br, 4), and 7.12 (s, 5 ). as follows: 3a, 4-phenyl-2-butanone, ir and nmr spectra and vpc

A n al. Caled for CioH i0 2: C, 81.04; H , 8 .16. Found: retention time identical with those of 3a from reduction runs;
C, 81.15; H, 8 .10. Sa, 3-methyl-4-phenyl-2-butanone, ir and nmr spectra and vpc

In a similar run using MeOH as the proton donor, vpc analysis retention time identical with those of 3b from reduction of lb ;
indicated that the product mixture consisted of 83%  3a and 17%  6a, 2-methyl-l-phenyl-3-pentanone, ir 5.83 n, nmr S 0 .90 (t,
4a, identified by vpc retention time. J  -  6 Hz) and 1.03 (d, J  =  5 H z), total area 6 (C-5 and C-2

Reduction of 3-Methyl-4-phenyl-3-buten-2-one (lb ).— From Me, respectively), 1 .92-3 .03  (br, 5 ), and 7.13 (s, 5), 2 ,4-dinitro-
12.6 g (0.079 mol) of lb , 5.84 g (0.079 mol) of ¿-BuOH, and 1.22 phenylhydrazone mp 94-95° (lit.23 mp 9 5 -9 6 °). The nmr spec-
g (0.18 g-atom) of lithium in 1000 ml of ammonia was obtained trum indicated small quantities ( < 10% ) of another compound,
7.69 g (61% ) of 3-methyl-4-phenvl-2-butanone (3b): bp 7 8 -  which was probably an isomer of 6a. Compound 7a was eluted
79.5° (1 mm) [lit.180- bp 127-130° (12 m m )]; ir 5.85 /r; nmr 8 last, and although the spectral data were not conclusive in this
0.91 (d, 3, /  =  5.5 Hz, C-3 M e), 1.78 (s, 3, C -l M e), 2 .17-2 .78  case, the structure most consistent with the data was 2,4-di-
(br, 3), and 6.52 (s, 5 ). Vpc analysis indicated the presence methyl-l-phenyI-3-pentanone: ir 5.83 /it; nmr 5 0.80 (d, J  =
of 3%  of an impurity whose retention time was that expected 7 H z), 0.97 (d, J  =  7 Hz), 9 .04 (d, J  =  6.5 Hz) (total area
for 4b. 0 .7 0 -1 .2 0 ,9 ) , 1.91-3 .17 (br, 4), and 7.13 (s, 5).

Anal- Caled for CnHuO: 81.44; H , 8 .70. Found: C , In expt 3 and 5, Table II , lithium alkoxide was added after 
81.26; H ,8 .7 7 . generation of the enolate in the usual manner. The mixture

Reductions of 4-Methyl-3-penten-2-one (lc ).— From 9.82 g was stirred for 10 min before addition of M el.
(0.1 mol) of lc , 7.42 g (0.1 mol) of ¿-BuOH, and 1.68 g (0.24 In expt 6 , Table II , 1 equiv of 4,4-dimethylcyclohexanone 
g-atom) of lithium in 500 ml of ammonia was obtained 3.98 g (3d) was added to the enolate mixture, followed immediately by
(40% ) of material, bp 110-114°. Vpc analysis of the crude mix- M el. An unidentified compound, 8 %  of the total material de-
ture indicated that it consisted of 94%  4-methyl-2-pentanone rived from la , eluted between 3a and 5a upon vpc analysis. Of
(3c) and 6 % 4-methyl-2-pentanol (4c). The ir spectrum of the material derived from 3d, 88 %  was recovered 3d and 12%
the product was identical with tha7 of authentic 3c except for a was 5d.
small hydroxylic absorption at 2.85 n- The vpc retention times In expt 7, Table II , a mixture of 6 equiv of dry acetone and 
of both 3c and 4c were identical with those of authentic com- 24 equiv of M el was added as rapidly as possible to the enolate 
pounds. generated from la .

Additional runs were carried out with other proton donors, Reduction-Methylations of 3-Methyl-4-phenyl-3-buten-2-one 
using ca. 2 g of enone and 400 ml of ammonia. In a run in which (lb ).— From 16.0 g (0.1 mol) of lb , 7.41 g (0.1 mol) of f-BuOH,
no donor was used, the product mixture contained 20%  of start- 1.53 g (0.22 g-atom) of lithium in 600 ml of ether-ammonia, and
ing enone lc , identified by vpc retention time. 14.2 g (0.1 mol) of M el was obtained 10.6 g of material, bp 101-

Reductions of 4,4-Dimethyl-2-cyclohexenone (Id).—From  110° (6 mm). The blue color was discharged after 80%  of lb
5.14 g (0.41 mol) of Id, 3.31 g (0.45 mol) of ¿-BuOH, and 0.65 had been added and the addition was stopped. The yield was
g (0.94 g-atom) of lithium in 500 ml of ammonia was obtained 75% , based upon the quantity of lb added and assuming the
3.12 g (62% ) of pure 4,4-dimethylcyclohexanone (3d), bp 88-  mixture to consist of only 5b. The major components of the
91° (45 mm) [lit.21 b p 73° (14m m )],ir 5 .8 3 m- product mixture were collected by preparative vpc and were

A nal. Caled for CaH140 :  C, 76.14; H , 11.18. Found: identified as follows (in order of elution): 3b, 2-methyl-4-
C, 76.08; H, 11.11. phenyl-2-butanone, ir spectrum and vpc retention time identical

In a run in which no proton donor was added, the product with those of 3b obtained in reduction runs; 5b, 3,3-dimethyl-
mixture consisted of 60%  3d and 40%  starting enone Id, identi- 4-phenyl-2-butanone, ir 5.83 m, nmr 8 1.07 (s, 6 , CMe2), 1.99
fied by vpc22 retention times. (s, 3, COMe), 2 .74 (s, 2 , PhCH 2), and 7.13 (s, 5 ). Compounds

General Procedure for Reducticn-Methylation of Enones.—• 6b and 7b were not isolated but gave vpc retention times ex-
The reduction step was carried out by the same general proce- pected for di- and trimethylation products. The crude product
dure described for the reduction runs. Approximate solubility composition was as follows: 3b, 35% ; 5b 57% ; 6b, 7 % ; and
measurements indicated limited solubility for lithium enolates 7b, 1% . In a similar run the composition was as follows: 3b,
and lithium f-butoxide in ammonia at —33°; however, the solu- 21% ; 5b, 67% ; 6b, 10% ; and 7b, 2% .
bilities were greater in ether. Therefore, after 20-30 min of Reduction-Methylations of 4-Methyl-3-penten-2-one (lc ).—  
stirring the enolate mixtures were generally diluted with an equal From 9.82 g (0.1 mol) of lc , 7.41 g (0.1 mol) of ¿-BuOH, 1.53 g
volume of dry ether. The blue color was discharged during the (0.22 g-atom) of lithium in 800 ml of ether-ammonia, and 14.2 g
addition. The enolate mixtures in ammonia usually contained (0.1 mol) of M el was obtained 9.1 g (79% , assuming the mixture
suspended white solid material; the material dissolved when to be only 5c) of distilled material. The major components of
ether was added and clear, apparently homogeneous mixtures the product mixture were collected by preparative vpc and identi-
resulted. For the alkylation step, M el (usually 6 equiv/mol fied as follows (in order of elution): 3c, 4-methyl-2-pentanone,
of ketone used) in three volumes of ether was added dropwise vpc retention time identical with that of 3c from reduction runs;
with stirring over 10-20 min. The ammonia was allowed to 4c, 4-methyl-2-pentanol, ir 2 .95 n, nmr 8 0.91 (d, 6 , J  =  6 Hz),
evaporate at room temperature, and the reaction mixture was 1.14 (d, 3 , J  — 6  H z), 1 .67-2 .34  (br, 3), 3.79 (br, 1, CHOH),
worked up in a manner identical with that described for the re- and 4.77 (br s, 1, OH), vpc retention time identical with that of
duction runs. Vpc analysis was carried out after removal of authentic 4c; 5c, 3,4-dimethyl-2-pentanone, ir 5.83 m, nmr 8
most of the solvent but before distillation. In duplicate runs, 0 .84 (d, J  =  6.5 Hz), 0 .90 (d, J  =  6  H z), 0.98 (d, J  =  6.5 Hz)
the percentages of a given component generally agreed within (total area 0 .70-1 .10 , 9 ), 2.05 (s, 3 ), 1 .61-2 .53  (br, 2 ), 2,4-di-
5% . In some runs a final distillation was carried out to obtain nitrophenylhydrazone mp 9 4 .5 -95 .5° (lit.24 mp 9 4 -9 5 °); 6c,
the yield of distillable material; yields were obtained in other 4,5-dimethyl-3-hexanone, ir 5.83 /j , nmr 8 0.83 (d, J  — 6.5 Hz),
runs by use of m-xylene as an internal standard for vpc analysis. 0.90 (t, J  — 6.5 H z), 0.91 (d, J  =  7 H z), 1.01 (d, J  — 7.5 Hz)
Product analyses for various runs are recorded in Table II . (total area 0 .70 -1 .20 , 12), 1 .50-2 .60  (br, 2), and 2 .40 (q, J  =

Reduction-Methylations of fnms-4-Phenyl-3-buten-2-one (la ). 7.5 H z). The nmr spectrum was nearly identical with that of
— From 14.6 g (0.1 mol) of la , 7.41 g (0.1 mol) of f-BuOH, 1.53 g 5c in the 8 1.0 region except for the triplet at 8 0 .90 . The nmr
(0.22 g-atom) of lithium in 600 ml of ether-ammonia, and 14.2 g spectrum is clearly consistent with the postulated structure and
(0.1 mol) of M el was obtained 11.6 g (66 %  yield, assuming inconsistent with 3,3,4-trimethyl-2-pentanone, which would re
product to be only 5a) of a mixture of ketones, bp 94-97° (3 mm), suit from methylation of 5c at the more highly substituted a
------------------  position. Compound 7c, 2 ,4 ,5-trimethyl-3-hexanone, was eluted

(20) I. Heilbron, Ed., “ D ictionary of Organic Com pounds,” Voi. IV,
4th ed, Oxford U niversity Press, New York, N . Y., 1965,p2675.

(21) I. Heilbron, Ed., "D ictionary  of Organic C om pounds,” Vol. I I , (23) R . Jacquier, B u l l .  S o c .  C h i m .  F r „  1653 (1956); C h e m .  A b s t r . ,  81,
4 th  ed, Oxford U niversity Press, New York, N. Y ., 1965, p 1163. 8023e (1958).

(22) A Carbowax 20M column was used; SE-30 did not separate I d  and (24) A. P . M eshcheryakov and L. V. Petrov, I z v .  A k a d .  N a u k  S S S R

3d. O t d .  K h i m .  N a u k ,  1057 (1955); C h e m . A b s t r . ,  50, 11239/ (1956).
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next: ir 5.83 /u; nmr S 0 .70 -1 .15  (complex set of sharp peaks, in three volumes of ether was added dropwise with stirring over
15), ca . 1.80 (m, 1, J  =  7 H z), and ca. 2.40 (m, 2, J  =  7 H z). 10 min to a solution of i-BuOLi in 1 :1  ether-ammonia under
The nmr spectrum is clearly consistent with the postulated struc- N2. The mixture was stirred for 10 min and M el in three voi
ture. The alternative structure, 4,4,5-trimethyl-3-hexanone, umes of ether was added dropwise over 5 min. After 15 min,
which would result from méthylation of 6c at the more highly excess NH4C1 was added and the mixture was worked up and
substituted a  position, is inconsistent in that it requires a quartet analyzed as usual. The méthylation of 3a gave a monomethyla-
centered at ca. S 2 .40 ; the spectrum has a clear multiplet of at tion product with a vpc retention time similar but not identical
least sixth order in this region. The crude product composition with that of 5a, probably the isomeric compound l-phenyl-3-
follows: 3c, 24% ; 4c, 5% ; 5c, 53% ; 6c, 11% ; 7c, 4 % ; and un- pentanone. The major dimethylation product had a vpc re
identified high-boiling material, 4 % . A similar run on a smaller tention time identical with that of 6a. Compounds 3d and 3e
scale gave the following composition: 3c, 17% ; 4c, 11% ; 5c, gave 2,4,4-trimethylcyclohexanone and 2,4,4,6-tetram ethylcy-
51% ; 6c, 9 % ; 7c, 7% ; and unidentified high-boiling material, clohexanone, respectively, with vpc retention times identical
3 % . with those of authentic materials. Compound 3b (5a) gave a

Reduction-Methylations of 4,4-Dimethylcyclohex-2-enone mixture of three components which were collected by vpc and 
(Id ).— From 2.00 g (0.016 mol) of Id, 1.197 g (0.016 mol) of shown to be 5a, 6a, and 7a by comparison of ir and nmr spectra 
f-BuOH, 0.255 g (0.037 g-atom) of lithium in 750 ml of ether- with those of material from reduction-methylation runs. Corn-
ammonia, and 9.0 g (0.06 mol) of M el was obtained 0.89 g pound 3c gave a mixture of four or more méthylation products.
(45%  assuming the product to be only 5d) of material, bp 7 5 -  The two major components were collected by vpc and assigned 
85° (40 mm). Analysis by vpc26 gave a composition of 30%  3d structures as follows: 5-methyl-3-hexanone, nmr 8 0.90 (d,
and 70%  5d, identified by comparison of retention times with 6 , J  =  6 Hz, CHMe2), 0.99 (t, 3, J  =  7.5 Hz, CH2CH3), 2.22
those of authentic compounds from reduction runs. (d, 2 , J  =  2 Hz, CHCH2), ca . 2 (br, CH ), and 2.33 (q. 2, J  =

In another run, the enolate was generated as usual from 1.243 7.5 Hz, CH2CH3); and 2,5-dimethyl-3-hexanone, nmr 0.90 (d,
g (0.01 mol) of Id, 0.741 g (0.01 mol) of ¿-BuOH, and 0.152 g 6 , J  =  6 Hz, CMe2), 1.03 (d, 6 , /  =  6.5 Hz, CMe2), 2.23 (d,
(0.022 g-atom) of lithium in 800 ml of ether-ammonia. 4- 2 , J  =  2 Hz, CH2), and ca. 2 -2 .5  (br, 2 , CH ).
Phenyl-2-butanone (3a), 1.485 g (0.01 mol), was added to the
stirred mixture followed immediately by 8.52 g (0.06 mol) of R egistry  N o .— la , 1896 -62 -4 ; lb , 1901 -26 -4 ; lc , 
M el. For the material derived from Id, vpc analysis gave the 141 -79 -7 ; 4c, 108-11-2 ; Sb, 13705 -37 -8 ; 5c, 5 6 5 -7 8 -6 ;
following composition: 3d, 10% ; 5d, 90% . For the material 6 a  2393 6 -9 5 -0 ; 6c, 6137 -1 4 -0 ; 7a, 23 9 3 6 -9 7 -2 ; 7c,

23936 -98 -3 ; S-m ethyl-3-hf ,n o n e . 6 2 3 -5 6 -3 ; 2 ,M i -  
two components gave vpc retention times similar, but not identi- m ethyl-3-hexanone, 1888-57-9 .
cal, with those of 5a and 6a and were probably isomeric mono- . t , , , TTT . „ , . »
and dimethylation products. Acknowledgment. W e are grateful to Professor

Méthylation of Saturated Ketones.— The saturated keton D ru ry  C a in e  of G eorgia  In s titu te  of T e ch n o lo g y  for  
. 7 7  — , , .  . . . , . . helpful discussions an d  for ob tain in g  som e of th e  n m r(25) An Apiezon L column was used for the  analysis. A second analysis ^  °

on Carbowax 20M indicated the  absence of starting  m aterial ( Id ) . SpCC t/H i.
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The results of spin-decoupling and variable-temperature nmr studies show a conformational equilibrium to be 
occurring in endo-bicyclo[3.3.1]nonan-3-ol. From the magnitude of the coupling constants, it is concluded that 
the major conformer is the chair-boat form. On the basis of a facile radical oxidation of the alcohol to the 
bridged ether, oxaadamantane, it is suggested that the minor conformer is the chair-chair form.

Transannular reactions commonly observed in me- > a
dium-ring compounds have been widely studied, and /  \  <
generally interpreted on the basis of proximity effects.2 1/ \ \J
As part of a continuing investigation on transannular '  V V
radical and carbenoid reactions,3 we have examined the 1 2 3
bicyclo [3.3.1 ]nonane system, a potentially interesting forms thereof are somewhat disfavored relative to 1, 
homolog of cyclooctane. the differences in energy content being small and on the

In cyclooctane itself, the theoretically most stable order of 2-3 kcal/mol.4 Another conformer, 3, is 
conformation is the boat-chair, l . 4 Calculations also easily excluded in all calculations owing to the non
show that the crown form, 2, and slightly modified bonded interactions between the e n d o  hydrogens.

These theoretical conclusions have been supported by
(1) (a) To whom inquiries should be addressed, (b) Chargé de R e

cherches au CNRS; Boursier de l ’OTAN, 1968-1969. (4) (a) J . B. Hendrickson, J .  A m e r .  C h e m . S o c . ,  86, 4854 (1964); (b)
(2) F o r a  recent review, see A, C. Cope, M . M. M artin , and M. A. Mc- K. B. Wiberg, i b i d . ,  87, 1070 (1965); (c) N . L. Allinger, J. A. Hirsch, M. A.

Kervey, Q u a r t .  R e v . (London), 20, 119 (1966). Miller, I . J. Tyminski, and F. A. Van-Catledge, i b i d . ,  90, 1199 (1968); (d)
(3) M . H. Fisch and H. D. Pierce, Jr., J .  C h e m .  S o c . ,  D ,  in press. M . Bixon, and S. Lifson, T e t r a h e d r o n , 23, 769 (1967).
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X-ray data on cyclooctane-1,2-irans-dicarboxy lie acid, eluded from a first-order analysis of the nmr pattern
which is shown to exist in the boat-chair form.6a corresponding to the carbinyl proton, CHOH, that the
Elegant nmr studies extend this conclusion to cyclo- major conformer is analogous to the chair-boat form, 4,
octane and alkylcyclooctanes in solution.513 in 3a-granatanoP (7) and in endo-l,o-dimcthylbicyclo-

If one attaches a methylene bridge from C -l to C-5, [3.3.1 ]nonan-3-ol10 (8a), respectively. In the same
the bicyclononane system is generated, and the derived way, Flegal reached an analogous conclusion for the
conformers 4-6 may now be considered. Both 4 and 5 parent alcohol, 8b.11
are destabilized relative to their cyclooctane analogs, 1 __  __
and 2, by the interactions associated with cyclohexane R—k \
boats. As a result, 6 is calculated to be the most stable I l\  1 R
conformer despite the interactions between the endo _/
hydrogens at C-3 and C-7. The energy content of 6 is ! !
estimated to be 2.7 kcal/mol less than that of the second 0H
most stable conformer, 4. Crystallographic data sup- 7 8*’ ~ 3
port the assignment of the parent molecule as chair- ’
chair,6 and have stimulated a variety of investigations on These interpretations, based on first-order analyses, 
the ease of ionic transannular reaction involving C-3 are neither completely satisfying nor entirely unam-
andC-7.7 biguous. If a rapid conformational equilibrium is

A present, the coupling constants observed between the
/  \ carbinyl and vicinal protons will be weighted averages,

yf A and, without appropriate models for the chair-boat
/  \ form, one cannot calculate how important the chair-

\ / /  chair conformer might be, or even whether the chair-
9 chair form is present. Thus, whereas Chen and Le

Fevre estimated that 14%  of 7 exists in the chair-chair 
l form at room temperature,9 Parker suggested that it
V  would be more prudent to reserve judgment.10 Indeed,

/ 'T X C V  he showed that direct application of the method used by
6 \ / \ / Chen and Le Fevre to the case of 8a would result in an

Y  \J estimate of considerably more than 100% chair-boat
7 3 conformer.

6 One may question also the validity of a direct first-
There is thus a delicate balance in the parent hydro- order analysis in extracting the coupling constants for

carbon between forms 4 and 6 in which the latter pre- the present A A 'B B 'X  systems, although it turns out
dominates. The main destabilizing factors in 6 are that the true values are not greatly different (see
nonbonded repulsions (ca. 2 keal/mol), torsional below).
strain, and angle strain (at least 2 keal/mol).8 These The only o*her data relevant to the conformational 
destabilizing factors are aggravated without greatly preferences of these systems comes from the application
affecting alternate conformer 4 by endo substituents at of a semiempirical infrared method to the case of 3a-
C-3. Hence, appropriate substitution could conceiv- granatanol (7).12 The conclusion, based on shapes and
ably shift the conformational preference to favor the frequencies of the OH bands in the two epimeric alco-
chair-boat form, 4, in analogy with cyclooctane. hols, was that the chair-chair form analogous to 6 is
Certainly, one might anticipate such a shift if the preferred in the endo isomer. Noting that this result
substituent were large, e.g., methyl. On the other was counter to the previous nmr studies, Aaron, et al,
hand, substitution of hydroxyl, a group of intermediate commented that their results did not constitute ab-
size and one of immediate interest to us, does not lead solute proof in the absence of an appropriate model for
to a clear-cut situation. the chair-boat form, but did show that the chair-chair

Chen and Le Fevre9 and Parker, et al.,10 have con- form was certainly not to be excluded, and that further
studies were clearly needed.(5) (a) J . D. D unitz and A. M ugnoli, C h e m . C o m m u n . ,  166 (1966); (b)

F. A. L. Anet and M. St. Jacques, J . A m e r .  C h e m .  S o c . ,  88, 2585, 2586 (1966).
(6) (a) M . Dobler and J . D . D unitz, H e lv .  C h i m .  A c t a ,  47, 695 (1964); p a c , , u .  „ - J  T V c f n c c in n(b) W. A. C. Brown, C. Eglinton, J. M artin , W. Parker, and G. A. Sim, K e S U U S  a n a  171b t,U bb lU n

P r o c .  C h e m .  S o c . ,  57 (1964); (c) W. A. C. M artin , J. M artin, and G. A. Sim, _  , . ,  , . . . ____ i .
j .  C h e m .  S o c . ,  1 8 4 4  (1 9 6 5 ); (d) i .  Laszio, R e c .  T r a v .  c h i m .  P a y S- B a s ,  84, F a c e d  w i t h  t h i s  s i t u a t i o n ,  w e  s o u g h t  t o  a n s w e r  t h r e e
2 5 1  (1965). q u e s t i o n s :  ( A )  i s  t h e r e  a  c o n f o r m a t i o n a l  e q u i l i b r i u m

(7) (a) R. A. A ppleton and S. H . Graham , C h e m . C o m m u n . ,  297 (1965); between chaff-boat and chaff-chair forms; (B) if SO,(b) R . A. Appleton, J . R . Dixon, J . M. Evans, and S. H . G raham , T e t r a -  . . 4-^
h e d r o n , 23, 805 (1967); (c) H. S tetter, J. G artner and P . Tacke, A n g e v i .  what is the major COIlfOrmCF, (C) IS it possible to direct
C h e m . i n t .  E d .  E n g i . ,  4, 153 (1965); (d) m . Eakin, j. M artin , and w. transannular chemistry through a chair-chair form
Parker, C h e m .  C o m m u n  206 (1965), 955 (1967) .and 298 (1968); (e) H. guch ^  Q ^  ^  p a rticu la r  to  o b t a i n  O X a a d a m a n t a n e
D ugas, R . A. Ellison, Z. V alenta, K . W iesner, and C, M. Wong, T e t r a h e d r o n  } ’  ,  n

L e t t . ,  1279 (1965); (f) W. A. Ayer and K. Piers, C h e m .  C o m m u n . ,  541 (10) by t r e a t  HIGH t Ol 8b W ith , r a d i c a l  O X ld R I ltS .
(1965); (g) J . P . Schaefer and C. A. Flegal, J .  A m e r .  C h e m .  S o c . ,  89, 5729 Synthesis of the parent alcohol, 67lC?0“bicyclo [3.3.1 ]-
(1967); (h) M . A. E akin  J M artin , W. Parker, C. Egan, and S. H. G raham , nonan_3. ol (gb) fe described in the Experimental 
C h e m . C o m m u n . ,  337 (1968). x , . , ,

(8) G. J . Gleicher and P. von R . Schleyer, J .  A m e r .  C h e m .  S o c . ,  89, 582 S e c t i o n .  T h e  n m r  p a t t e r n  o l  t h e  C a r b i n y l  p r o t o n ,  
(!967).(9) C. Y. Chen and R. J. W. Le Fevre, T e t r a h e d r o n  L e t t . ,  737 (1965); (11) C. A. Flegal, Ph.D . Thesis, University of Arizona, 1968, p 7 ff.
J  C h e m  S o c . ,  B ,  539 (1966). (12) H. S. Aaron, C. P. Ferguson, and C. P. Rader, J . A m e r .  C h e m .  S o c . ,

' (10) W. d ! K . M acrossan, J . M artin , and W. Parker, T e t r a h e d r o n  L e t t . ,  89, 1431 (1967); see also L. Joris, P. von R . Schleyer, and E. Osawa, T e t r a - 
2589 (1965). h e d r o n , 24, 4759 (1968).
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models for 9a-9c steroid systems of axial and equatorial 
i alcohols where the A  ring is known to be in a pure chair
| form. The expected coupling constants are then

j =  10 cps and / h ĥ, = 5.5 ± 1.0 cps for the
■ | j carbinyl proton axial, i.e., 9c;13’14 and J H(Ih =

I Jr 1 j HI = 2.0-3.2 cps for the carbinyl proton equatorial, i.e.,

/{A A a
CDCIj Pyridine/ ' CHCIa-CHCI2 \ \ . b(9

V  V h -  y H“

l l  9a 9b

A K  A ^  ̂
CsHs (unexchanged) l0cp8 The most likely deformation from classical forms is a

, , , , , , , , .  , flattening as is found in the parent hydrocarbon. In
Figure 1.—E xp erim ental and calculated spectra ot the carbm yl , . .. , , r , .  , , , , ,,

proton of eredo-bicy clo [3.3.1]nonan-3-ol (60 MHz). the boat iorm> sucb a deformation would make both
dihedral angles between H* and the vicinal protons

CHOD, following exchange of the hydroxyl hydrogen, than their init,ial valuf f  of 6,° aa(i ^ ° ° ’ whi,ch
is shown in various solvents in Figure 1. For com- would lead to a somewhat smaller value for J Hah. and a 
parison; a calculated spectrum (la o co o n  3) for H , is slightly larger value for JH(3h/ 5 For the chair form,
also shown, based on the coupling constants h, = flattening would increase one dihedral angle and de-
10.0 cps and JH. H = 6.2 cps, with chemical "shifts crease the other from their initial values of 60°, again 
5h = 70 cps, 5h„ = 123 cps, and 5H =  246 cps relative with the same qualitative effects on J HtA and / H(Jh,- 16
to“ TM S. The computer spectrum consists of 16 The anticipated coupling constants for the boat form,
significant transitions. In Figure 1, all lines separated *c, are fair agreement with the values obtained by
by less than one cycle have simply been added. The first-order analysis for the related cases reported m the
result is seen to be a nine-line pattern which is slightly literature (Table I).
asymmetric owing to slanting. Changing the solvent T able I
results in changes in the chemical shifts of Ha, H , and Coupling Constants of CHOH in

IL , and consequently affects the appearance of the B icyclo [3.3.1] nonane Systems by  F irst-Order Analysis 
pattern owing to variations in the overlap of the neigh- Ccmpd jr h Jh h Ref
boring transitions. 7 _ ** *

The sample used had more than 90% of the hydroxyl ga 5
proton exchanged for deuterium by five crystallizations 8b 10' 5 6'0 11
from methanol-0-rf/D20. The necessity for this
precaution is apparent from the spectrum of an un- B double resonanCe (Table II), the true coupling 
exchanged sample in anhydrous pyridine (also shown in constants were directly measured.« The unusally 
Figure 1), where exchange of the hydroxyl proton with j separation (co. 1 ppm) between the chemical 
solvent is slow OH appears as a doub et, J = 4.5 cps). shiftg of jj and H as indicated by the frequencies of
In the variable-temperature work see below), the irradiati is entirely consistent with an additional
CHOH pattern of unexchanged samples lost structure shieldi of the axial otons H in the chair- boat
m the vicinity of -4 0  In the exchanged samples, this form b the trimethylene bridge. If the predominant
complication was avoided. t ,, , • , • . ,  , ,r, ,. , . .  .. form were the chair-chair, one would expect a normal

Consideration of models of 8b yields an interesting
c o n c lu s io n .  T h e  t h r e e  l i k e l y  c o n f o r m e r s ,  9a-9c, a l l  (13) N - s - Bhaoca and D - h . Williams, “Applications of n m r  Spec-
r e s i s t  e f f o r t s  t o  d e f o r m  t h e m  i n t o  t w i s t - b o a t  f o r m s .  “ p 8 0 V * * ™  Chemistry'” HoWen-Day. m e . San Francisco. Calif.,

T h u s ,  o n e  m a y  c o n s i d e r  a s  a  f i r s t  a p p r o x i m a t i o n  o n ly  (14) f . a . l . Anet, /. Amer. Chem. Soc., 84,1054 (i962>.
t h e  c l a s s i c a l  c h a i r  f o r m s  f o r  t h e  s u b s t i t u t e d  r i n g  (9a 1̂5-) Ka.rpius, p'. dAem. y*aj/s., so , h  <1959); j .A m e r .c k e m .S o c . ,  85,

and 9b) and the classical boat form (9c). Noting (1 GJ For experim ental reasons, only one of the  coupling constants could
that in 9c the five-spin portion of interest has exactly be determ ined for the  sample in pyridine solution a t room tem perature  and 
the same geometrical relations as in a classical chair was j.ound *° *  9'8 T', Thus f  T T “5' olear °btain]ed inr , °  , pyridine is not the result of any profound change m the conformational mix,
lorm where the hydroxyl group is equatorial, we used as e .g . , owing to hydrogen bonding.
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Table II . A
Col'pling Constants in endo-BiCYCLo[3.3.1]NONAN-3-OL I n\ \

(CHC12CHC12, 60 MHz, TM S =  0) 4 1 J  | A  /  \

frequencies I  V j  \  /  \  \

J B a  1 , ,  ops j B/3B x , ops Tem p, “C H a  H/S ¡ j J  l  / V  \  /  \
10.25 ± 0.25 6.5 ±  0.25 27° 62 127 wi J  \
8.0 ±  0.25 6.0 ±0.25 117° 72 134

-16* -60» -84* -100*
Wi/2 »I cp» Wy2 * I cp» W)/2 • 1.4 cp» Wi/2 • l.2cp«

(ca. 0.6 ppm) or smaller than normal separation of Ha x . . .  A . . , .
and Hfl.17 The fact that the unusually shielded proton [3 .3 .1]nonan-3-ol at various temperatures; WV, refers to the
is the one which is associated with the large constant, as width at half-height of added CHC1S.
well as the magnitude of the coupling constants, is
explicable only on the basis of the chair-boat form, 9c, unidentified compound « 1 % ) .  Oxidation of the
which is therefore the predominant conformer. The md() alcohol by irradiation in the presence of mercuric
magnitude of the smaller coupling constant suggests oxide and iodine leads to essentially pure oxaadamantane
that some flattening of the ring may have occurred. jn qqo/c yiejd

Raising the temperature affects the larger coupling Th/exo isomer (92% iSOmeric purity) was found to be 
constant more than the smaller one, as would be rather unreactive to lead tetraacetate, and, when sub
expected. Two changes appear m the pattern: A  jected to mercuric oxide oxidation, led to the parent
the total width decreases from 32.5 cps to 30.0 cps; (B) ketone as the major product. A  small amount of
the deviation of the pattern from a simple septuplet oxaadamantane was formed from oxidation of the
becomes more apparent. These changes in the pattern alcohol, which is easily explained as arising from the
are consistent with the variation in coupling constants endo jmpurby
measured by the double-resonance experiments From thig control reaction, it is clear that there is no

It is clear from the data of Table II  that the mean epimerization during the oxidation. W ith respect to
coup mg constants decrease as the temperature is the question of conformation, we see that the rate of
raised. We interpret this to mean that a conforms transannular reaction in the endo alcohol, including
hand equilibrium is occurring and that, at higher ring inversioilj must be fast with respect to the rate of
temperatures, an increasingly important proportion of oxidation to ketone. The rate of a second inversion to
the mixture has the hydroxyl group axial, either 9a or 9b the altemate boat-chair form, 9b (from which it is 

As a further proof of the existence of a conformational geometrically impossible to form oxaadamantane),
equilibrium, a variable-temperature study was under- may  b̂en be sf0Wer or faster than ether formation. In
taken and is summarized m Figure 2. The quality of the latter case> one wou]d have a smaU steady-state
the resolution was verified by measuring the width at concentration of 9a from which 10 is nonetheless formed
half-height of added CHC1S, and this value is listed in high yield. In either cas6j the presence of the chair-
beneath each pattern. Observation of the expected cbair form> ga> ¡s reqUired, whereas we presently have
coalescence at low temperature strongly suggests that no evidence for the alternate boat-chair form, 9b.
there is indeed a conformational equilibrium and that it Consequently, our personal preference at this time is
is rapid at room temperature. for the most economical interpretation of the chemical

We cannot on the basis of these results identify the data, i.e., that the chair-chair form, 9a, is the second
minor component. It might be the second boat-chair contributor to the conformational equilibrium. 2°-2°“
form, 9b, the chair-chair form, 9a, or some mixture of
the two. Nor do we have the necessary data to deter- Experimental Section21
mine the thermodynamic parameters.18 In particular,
we cannot estimate the proportion of the chair-boat Bicyclo[3.3.1]nonan-3-one was prepared by pyrolysis (350°) 
form, 9c, in the equilibrium mixtures other than to say of the manganous salt of m -cydohexane-l,3-diacetic add. The 
it is clearly by far the major conformer. (20) While th is work was in progress, a report appeared [R. A. Appleton,

The chemical reactivity of 8b is pertinent here We £
have found that treatment of the endo alcohol (97.2% equilibration of e z o -  and endo-3-carbomethoxybicyclo[3.3.1]nonane. The
isomeric purity) with lead tetraacetate in boiling ben- m easured value lor the  greater stab ility  of the  e x o  isomer (2.7 keal/m ol) was

in * 1 1  i , / o n /77 \  j - i ,  _  , i j ^  in terpreted  on th e  basis of plausible enthalpy calculations. W ithout a t-
Zene yields oxaadamantane (89%), the parent ketone tem pting to  assess the  valid ity  of th e  assum ptions inherent in  th e  work of
(6%), the acetate of the starting alcohol (4%), and an Graham , e t  al„ i t  is interesting th a t  the  British group conclude th a t  the

m ajor conformer is the  chair-boat form, analogous to  9c, th e  m inor con-
(17) T he chemical-shift difference of 0.6 ppm  or less is the  m ost con- form er is the  chair-chair form, and the a lte rna te  boa t-chair form  analogous 

se rva tive  estim ate ( i . e . ,  th e  largest value) taken from th e  discussion in J .  to  9b  “ can certainly be ignored.”
W. Emsley, J . Feeney, and L. H. Sutcliffe, “ High Resolution N M R  Spec- (20a) N ote Added in  P r o o f— T he isopropoxide-catalyzed equilibration
troscopy.”  Pergamon Press, Oxford, 1965, p 696 ff. Jackm an (L. M . Jack- of the  epimeric bicyclo[3.3.l]non-3-ols has now been described. A free
man, “Applications of N uclear M agnetic Resonance Spectroscopy in  Org- energy difference of 2.51 keal/m ol in favor of the  e x o  isomer was found
anic C hem istry,” Pergam on Press, London, 1959, pp 115-119) gives 0.1-0.7 [E. N . M arvell and R. S. K nutson, J .  O r g .  C h e m . ,  35, 388 (1970)], and
ppm . From  exam ination of the  model, one sees th a t i t  is difficult to  decide AG° is thus independent of w hether the  3 su b stitu en t is hydroxyl or carbo- 
w hether shielding by  the  trim ethylene bridge will occur in  the  chair—chair m ethoxy. If, as suggested, A 0 °  therefore reflects only the  skeletal change
form. I f  i t  does, only th e  equational proton vicinal to  the  hydroxyl will in  the  equilibrium th e  second conformer of 8b  m u s t  be chair—chair form,
be affected and 8a e will be less than  normal. (21) Glpc analyses were performed with an F & M Model 700 instrum ent

(18) For an  excellent recent review, see G. Binsch in  “ Topics in Stereo- using a therm al (W -X filament) detector. Columns used were 10%  QF-1
chem istry,” Vol. 3, E . L. Eliel and N. L. Allinger, Ed., Interscience P ub- (0.125 in. X 10 f t  a t  120°) and 10% W-98 (0.125 in. X 6 ft a t  120°). By
lishers, New York, N . Y., 1968, p  97. calibration with known mixtures, th e  relative detector response was found

(19) (a) K . Heusler and J. Kalvoda, A n g e w .  C h e m .  I n i .  E d .  E n g l . ,  3, to  be as follows (by w eight): oxaadam antane, 1.00; bicyclo[3.3.1 ]nonan-3-
525 (1964). (b) T rea tm en t of an endo-bicyclo[3.3.1 Jnonan-3-ol constrained one, 1.08; the  exo alcohol, 1.00; the  e n d o  alcohol, 1.00; the  acetates, 1.22.
to  the  chair-chair form is known to  yield the  bridged ether in  high yield: Com bustion analyses were by Spang M icroanalytical Laboratories, Ann
W. A. Ayer, D . A. Law, and K. Piers, T e t r a h e d r o n  L e t t . ,  2959 (1964). Arbor, Mich.
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yield of bicyclo[3.3.1]nonan-3-one from this procedure was Lead Tetraacetate Reactions.24— A mixture of dry benzene 
5 6 -6 1 % .22 (10 ml), commercial lead tetraacetate (2.0 g), and calcium car-

endo-Bicyclo[3.3.1’ nonan-3-ol (8b).—-To a suspension of bonate (1.0 g) was heated for 15 min at reflux in a flask fitted
lithium aluminum hydride (500 mg) in dry tetrahydrofuran (5 with condenser and drying tube. The alcohol (300 mg in 10 ml
ml), a solution of bicyclo[3.3.1]nonan-3-one (5 g) in tetrahydro- of benzene) was then added in one batch through the condenser 
furan (10 ml) was added dropwise and the mixture was then and refluxing was continued for 3 hr. The mixture was cooled
heated at reflux with stirring for 7 hr. After cooling, the excess and water (5 ml) was added with stirring during 30 min. After
reagent was decomposed by the addition of water (2 ml) and filtration, the solution was concentrated by distillation through a
5%  sodium hydroxide solution (3 ml). The mixture was filtered short Vigreux column and the residue was sublimed at 140° (1
and the filtrate was concentrated at reduced pressure to give a atm ).
residue which crystallized on standing. Recrystallization from From endo-bicyclo[3.3.1]nonan-3-ol there was obtained 255 
hexane gave 3.5 g (70% ) of 8b, mp 124-126° (lit.23 mp 121 .5- mg (86% ) of oxaadamantane (purity 89% ) contaminated with
124°). A second crop (200 mg, 4% ), mp 110°, was obtained ketone (6 % ), endo acetate (4% ), and an unidentified compound
from the filtrate. Glpc analysis of the derived acetate showed the ( < 1% ). From exo-bicyclo[3.3.1]nonan-3-ol there was obtained
product to be 97.2%  eruio. The ir and nmr spectra agreed with 221 mg (74% ) of unreacted alcohol together with trace amounts
those reported.23 of the ketone and acetate.

exo-Bicyclo[3 .3 .X]nonan-3-ol— To a mixture of sodium (4 g, Mercuric Oxide-Iodine Reactions.24—Iodine (4.0 g) and mer- 
small pieces) in dry benzene (40 ml) was added dropwise a solu- curie oxide (4.0 g) were placed in a 100-ml pear-shaped flask
tion of bicyclo[3.3.1]nonan-3-one(lg) in absolute ethanol (20 ml). fitted with a side arm. The'alcohol (300 mg) in carbon tetra-
The benzene solution was stirred and heated at reflux during the chloride (75 ml) was added, and a condenser was attached,
addition (1 hr), after which refluxing was continued for a further Agitation of the mercuric oxide suspension was maintained by
1.5 hr. The solution was cooled and water (25 ml) was added bubbling in nitrogen through the side arm during irradiation with
dropwise with stirring. The aqueous phase was separated and a GE 275-W sun lamp for 3.5 hr. Inorganic material was re
extracted twice with 50-ml portions of benzene. The combined moved by filtration and the filtrate was concentratd by distilla-
benzene extracts were concentrated and the residue was chro- tion through a short Vigreux column.
matographed on silica gel (3 g). Elution with hexane gave a From e»do-bicyclo[3.3.1]nonan-3-ol there was obtained 178 mg 
total of 0.846 g of crude alcohol, uncontaminated with ketone. (60% ) of essentially pure oxaadamantane.
Recrystallization from hexane followed by sublimation gave 0.469 From exo-bicyclo[3.3.1]nona-3-ol there was obtained 141 mg 
g (47% ), mp 99-100° (lit.23 mp 100-101°). Glpc analysis of the (47% ) of a mixture containing the ketone and two unidentified 
derived acetate showed the product to be 92.2%  exo. The compounds.
infrared and nmr spectra agreed with those reported.23 Oxaadamantane.— A sample was purified by chromatography

The acetates of the alcohols were prepared from the alcohol on silica gel: mp 225-230° (sealed tube) (lit.25 mp 232°); ir
by treatment with pyridine-acetic anhydride. The solution was (CC14) 1020 and 1090 cm "1; nmr (CC14 vs. TM S) 3 .73 -4 .03
allowed to stand at room temperature for 2 hr and then was (2 H ) and 1.4-2 .25  ppm (12 H).
heated for 15 min on the steam bath. After cooling, water was Nmr spectra were recorded either on a Varian Associates
added and the product was extracted with chloroform. The A-56-60A spectrometer or on an HA-60 (variable-temperature
chloroform solution was washed successively with 1 N  hydro- and decoupling measurements) at ca. 60-MHz operating fre- 
chloric acid and water and then dried (M gS04). quency. High temperatures were calibrated by chemical shifts

D ata for the exo acetate follow: ir (CC14) 1729, 1239, and 1027 of ethylene glycol; low temperatures were calibrated with an
cm -1; nmr (CC14 vs. TM S) 114.5 (s, 3 H ) and 309-339 cps (m, iron-constantan thermocouple.
1 H ).

Data for the endo acetate follow: ir (CC14) 1727, 1741, 1229, Registry No.— 8b, 10036-10-9; 10, 281-24-3; e x o -  

1250, 1022, and 1044 cm -1; nmr (CC14 vs. TM S) 117 (s, 3 H ) b icy c lo [3.3.1 ]nonan-3-ol, 10036-08-5; e x o -b icy clo [3.3.1 ]-
and 287-310 cps (br, 1 H ) . . nonan-3-ol acetate, 23825-38-9; endo-bicyclo [3.3.1 ]-

A mixture of the acetates was purified by preparative glpc and o i , , io ,ion  u,i 7
analyzed n0 n.9iii"O“01 SiCGtiEtiG i-V/AyU- i .

72^ 9? h S Í .  for CllHl8° 2: C’ 72 a8’ h > 9-95- Found: °> Acknowledgment.- T h is  work was supported by 
— i— ’— ’—i ’ Grant 1022-01 from the Petroleum Research Fund,

(22) We thank  Dr. John Schaefer for the  details of th is im proved pro- w hich  We ackn ow led ge w ith  pleasure, 
cedure.

(23) J. P . Schaefer, J . C. Lark, C. A. Flegal, and L. M . Honig, J .  Org. (24) Yields are corrected for epimeric im purities in each sta rting  m aterial.
C h e m . ,  32, 1372 (1967). (25) H. S te tte r and P. Tacke, C h e m . B e r . ,  96, 694 (1963).
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Bridgehead Substitution vs. Ring Contraction in the Deam ination of
l-Aminobicyclo[2.2.1]hept-5~en-2-ol
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The synthesis of endo-l-ammobicyclo[2.2.1]hept-5-en-2-ol (13) is described. Deamination reactions resulted 
in bridgehead substitution rather than the ring contraction characteristic of the corresponding saturated amines.
This result can be rationalized on the basis of the increase in steric strain which would be encountered in the re
arrangement process, but not in the competing substitution.

The deamination of vicinal aliphatic amino alcohols C h a r t  I
provides many examples of molecular rearrangement. 2 CO,Me OCOC H-
Recently, Larson and coworkers3 observed that the _ G' ' a t
nitrous acid deamination of amino alcohols 1 and 2  led, -----  7

via semipinacolic rearrangement, to the aldehydes 3 /
and 4  as the sole isolable products in ca. 70% yield. f \ , C O M e K - C 0 2H

b < ^ 2 J Y CH0 0C0C(.H5 /̂ ^ / ococ6h5

j s 1 -/¿r -
^  OCOC6H5 ^  ^  OCOC6H5

J\ < NH2 jC /C H O  10 11

2 4  ^ ^ O C O C d b
12 13

This observation is compatible with the proposal of r  -
Poliak and Curtin4 that the nature of the rearranged h^CHO
product in these reactions is dependent on the trans- A A kJI* — ►
coplanar relationship between the migrating group
and the departing nitrogen. The present investigation L J 5

describes an attem pt to prepare a bridgehead-sub
stituted bicyclo[2.1.1]hex-2-ene (5) based on this type stereochemistry. It shows a one-proton pair of dou-
of rearrangement. Toward this end, a desirable com- blets (J\ = 8  cps, J 2 = 3  cps) centered at r4.4, assigned
pound for study appeared to be 1 -aminobicyclo[2 .2 .1 ]- to the proton on the carbon bearing an oxygen, a broad
hept-5-en-2-ol (13), the synthesis of which is outlined one-proton singlet at r 7.26 (H-4), and a one-proton
in Chart I. septet at r 7.65 (exo H-3), along with other character-

The initial step involved the Diels-Alder reaction istic absorption signals. Proof that the carbamate
between “ Thiele’s ester” 6  and vinyl benzoate 7. The group is adjacent to the benzoate group was obtained
desired diester 8 could be isolated in 14%  yield from the in conducting double-resonance experiments. If the
resultant mixture of adducts. Selective cleavage of benzoate group is in fact located at the C - 2  position,
the methyl ester of 8 with anhydrous lithium iodide in irradiation at the H-4 should have no effect on the
refluxing pyridine® gave the acid benzoate 9 in 92% T 4 .4  splitting pattern. This is indeed the case. The
yield. The Curtius reaction6 provided an efficient T 4 .4  (H-2 ) absorption remains a pair of doublets,
method of degrading this bridgehead carboxylic acid while the r 7.65 (exo H-3) absorption collapses to an
to the corresponding carbamate 1 2 , obtained as a white, overlapping pair of doublets (J3 = 8  cps, ,/ 4 = 12 cps).
crystalline solid in 81%  overall yield from 9 after re- That the benzoate group was endo was verified by the
crystallization from hexane-ether. absence of long-range anti-H-7-endo-H.-2 coupling.7

The nuclear magnetic resonance (nmr) spectrum of Basic hydrolysis of 1 2  gave the desired amino alcohol 
1 2  provides strong support for its assigned structure and 1 3  in 96% yield.

When the nitrous acid deamination of 13 was carried
(i) N ational in s titu tes  of H ealth Predoctorai Fellow, 1966-1969. out under conditions reported to give maximum re-

o (2) F;Sl?os andM' T,chy’ J■ Chem- arrangement,2“ ’ 3 a mixture containing two major com-
S o c . ,  2513 (1965); (b) G. E . M cCasland, J .  A m e r .  C h e m .  S o c . ,  73, 2293 & & J
(1951); (c) J. W. Huffman and  J . E . Engle, J .  O r g .  C h e m . ,  24, 1844 (1959); ~ j  <• j  u i a  tt q *■  xx  i  v/ j \ t n  m  „  m u  r * s-,, r. (7) Compounds 12 and 14 show long-range enao-H -3-anh-H -7 coupling(d) J . G. T raynham  and M . T. Yang, J .  A m e r .  C h e m .  S o c . ,  8 7 ,2394 (1965). v 4 JO C  ,« , , T ™ v  ™ •

(3) (a) K . Ebisu, L. B. B a tty , J. M. Higaki, and H. O. Larson, i b i d . .  cT , t a “ tS/  4 ’°  and M m m 3 A  and Y ’ M em'
88, 1993 (1966); (b) H. 0 . Larson, T . Ooi, W. Luke, and K. Ebisu, J .  O r g . wald’ J ‘ Amer' Chem' Soc-  8S’ 2514 (1963)'
C h e m . ,  34, 525 (1969). k

(4) P. I. Poliak and D. Y. C urtin , J .  A m e r .  C h e m .  S o c . ,  72, 961 (1950). &

(5) F. Elsinger, J . Schreiber, and A. Eschenmoser, H e lv .  C h i m .  A c t a ,  43, / ]
113 (1960). ^  OH

(6) P. A. S. Smith, O r g . R e a c t . ,  3 ,C h ap te r 9 (1946). 14
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ponents could be isolated in good yield. N either proved C h a r t  II
to be the desired ring-contracted aldehyde. The K CO H K n= C = 0
mixture was separated by preparative tic, and the
faster moving component (ca. 27%  of mixture) was ?] * >
assigned structure 15 on the basis of its infrared and OCO C„H , OCOC3H5
nmr spectra. Vacuum sublimation of the second major 9 25
component (ca. 66% of mixture) gave a crystalline +. N0
diol, assigned structure 16, the nmr spectrum of which Ll j
exhibited the same characteristic bicyclo[2.2.1 Jhept- N^NCOCH3 N^NCOCBj

5-ene absorption as 15, as well as a two-proton singlet 1 _» _*-
at r 7.0 exchangeable with deuterium oxide. The ¿ Coc H  '^^^^OCOC-H r
mass spectrum of 16 shows an intense m/e 82 peak which 26 ° ° 18 ° °
is compatible with fragmentation via a retro Diels-
Alder reaction.8’9 N^OCOCft, N ^ B r K^NIICOCH,

When it became apparent that unrearranged bridge-
head substitution products were being formed in pref- u rr rr
erence to ring contraction, an alternative deamination 0 " 22 6 ' 23 c “
technique was sought. Recently, White and co
workers10 have observed the formation of a relatively j j.

N°2 K<O H  h^Br

^  j j r *+
J‘ 17 fragment ion in the mass spectrum was the result of a

large percentage of solvent-derived products in the retro Diels-Alder reaction. Supporting spectral evi-
thermal decomposition of the N-nitrourethan 17, de- dence was obtained from the corresponding alcohols
rived from 1-norbornylamine, in nonpolar solvents. and 24. Apparently, if any “ free” carbonium ions
In their explanation of these results, the authors con- were formed in the thermolysis of 18, bridgehead sub
eluded that a large fraction of relatively “ free”  car- stitution to give unrearranged product was energetically
bonium ions were being formed. If this were correct, more favorable than the desired ring contraction,
a hydroxyl group at the 2 position might be expected During the course of this investigation an attempt 
to "facilitate ring contraction during decomposition. was made to prepare the amino ketone 27, as summarized
W ith this in mind, a study of the thermolysis of N- in Chart n i > with the hope that nitrous acid deam-
nitroso-l-acetamidobicyelo [2.2.1 ]hept-5-en-2-yl benzo
ate (18) wasun dertaken, with the hope that the inter- C h a r t  III
mediate diazo ester 19 would undergo rearrangement K CO H /\ CO H
upon dissociation to give the diester 20, which on 2 ]> < % !()
hydrolysis would give the desired aldehyde 5 (eq 1). 9 * / I  " *

OCOCR 29

19 ° * 20 (1) 31 27 28

In fact, thermal decomposition of a carbon tetrachloride J
solution of 18, prepared as shown in Chart II, led to n. / 'V s
formation of a product shown to be a mixture of the I! )J
bridgehead acetate 21 (ca. 28%) and bromide 22 (ca. *
42% ).11 In addition, 26% of the amide benzoate 23 /T x/'N
could be recovered. No trace of the desired rearrange- [K I
ment product was observed in the nmr spectrum of the ^ 3 2

crude reaction mixture. The structures 21 and 22 were M
assigned on the basis of the similarity of their nmr and
mass spectra to those of other bicyclo [2.2. l]hept-5- mat ion of 27 might lead, via the appropriate rearrange-
enes encountered in this work. In each case a major ment, to the bridgehead carboxylic acid 28. Un

fortunately, basic hydrolysis of the carbamate 31 led 
T o®  T̂ aHeLt« S K  “ d K' to the dihydropyrazine 32 rather than the expected

(9) s. j . C nstoi, r . a . Sanchez, and t . c .  Morriii, j .  O r g .  c h e m . ,  3 i ,  amino ketone. The assignment of structure 32 is 
2 7 3 8  (1966). based on its characteristic infrared, nmr, and mass spec-
473! ° « '  W"ite' P' T‘"'ari’ an<1 M'J T°dd'J-Aner-Chem- S°c- 9°’ tra, and finds analogy in a report by Applequist19

(11) T he bromide ion was presum ably supplied by  th e  lithium  bromide
present in  the  m ethyllithium  used in the  synthesis of the  nitroso amide. (12) D. E . Applequist and J. P. Kiieman, J .  O r g .  C h e m . ,  26, 2178 (1961).
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of the formation of a similar dihydropyrazine 34 on The residue was dried overnight at 100° in a vacuum oven, sus-
treatment of 33 with aqueous sodium hydroxide. Pended in ld0 ^  of anhydrous benzene and cooled to O '. To

the vigorously stirred suspension was added 5 drops of pyridine 
and 4.27 g (34 mmol) of oxalyl chloride. After 15 min at 0° and 
30 min at room temperature excess oxalyl chloride and solvent

X . N H 2 . T were removed under reduced pressure and the residue was dis-
0H~ ’ V " \ \  solved in anhydrous benzene, filtered, and evaporated to give

\\ J L  I J )  10, which had infrared (neat) absorption at 1790, 1723, 1605,
^  1585, 1452, 1272, 1111, 790, 740, and 700 cm “1. A solution of

34 2.21 g (34 mmol) of sodium azide in 5.5 ml of water was added
with stirring under nitrogen to a chilled solution of 10 in 125 

In rationalizing the failure of 13 to undergo the de- ml of acetone. After 30 min at 0° an equal volume of water was
sired semipinacolic ring contraction,13 we conclude added and the solution was extracted with ether. Evaporation
that the 5,6 double bond raises the transition-state of the dried (M gS04) extract gave 11, which showed infrared
energy associated with ring contraction such that ion- i s??^10 oro* 2I3?’ H 12, 1603, 1585, 1450, 1310 (d),

pair collapse to solvent-derived products is favored. in equal volumes of anhydrous methanol and benzene (20 ml)
This is not unreasonable, since bridgehead substitution for 12 hr under nitrogen. Evaporation of solvent gave 12,
does not change the environment of the double bond, which on recrystallization from hexane-ether gave 2.59 g (81% )
while rearrangement would force the double bond into of white needles: mp 131-133°; ir (CHC13) 3440, 1723, 1604,

a more strained ring system. This steric factor ap- 15f >  14f  1342> f  J ™ ’ ? " *  T  ̂
parently renders Larson’s elegant synthesis of bicyclo- H-5), 3.87 (s, 1, N H ), 3.98 (br d, 1 , J ,  = 6 cps), 4 .4  (qt, 1, J ,  =
[2.1.1 ]hexanes inapplicable to the corresponding ole- 8 c p s ,./, = 3 cps, H -2), 6 .47 (s, 3, COOMe), 7.26 (m, 1, H-4),
¿ n s . 7.65 (septet, 1 , exo H -3), 7.95 (m, 1 , syn H -7), 8.3 (d, 1, J 5 =

8.5 cps, anti H -7), and 8.8  (pair of overlapping doublets, 1 , /«  
E x p e rim e n ta l S e ctio n  = 12 cps, endo H -3). Double irradiation at 277.4 cps downfield

from TMS caused the following changes: H-5 absorption col- 
Diels-Alder Reaction between Vinyl Benzoate and Thiele’s iapsed to a doublet (Ji =  6 cps), exo H-3 collapsed to overlap- 

Ester. 1-Carbomethoxybicyclo[2.2.1]hept-5-en-2-yl Benzoate ping pair 0f doublets ( J ,  =  8 cps, J r, =  12 cps), and the syn
(8 ) .14 A mixture of 112 g (0.758 mol) of freshly distilled vinyl H-7 collapsed to a doublet of doublets ( J 6 =  8.5 cps, / ,  =  4
benzoate, 28.2 g (0.228 mol) of freshly distilled Thiele’s ester, cps).
bp 87-90° (16 mm), and 400 mg of hydroquinone was heated at A nal. Calcd for C16H „N 04: 0 ,  66.90; H , 5 .97; N, 4 .88. 
180° under nitrogen for 48 hr. Fractional distillation gave 57.1 Found: C, 66.96; H, 5 .99 ; N , 5.02.
g (92% ) of a mixture of adducts, bp 144-154° (0.5 mm). This l-Aminobicyclo[2.2.’l]hept-5-’en-2-ol (13).— A suspension of 
mixture was dissolved in 120 ml (2.7 mol) of dimethylamine 958 mg (3.33 mmol) of 12 in a tenfold excess of alcoholic aqueous
and stored at 0° for 18 hr. The excess amine was removed with potassium hydroxide was refluxed under nitrogen for 40 hr. The
little or no heating. The residue was dissolved in ether, and the methanol was removed under vacuum and the residual aqueous
ether was extracted with 250 ml of 1.0 A HC1, washed with solution was continuously extracted with ether to give 400 mg
saturated NaCl solution, dried (MgSO„), and evaporated to give (96% ) of 13: ir (CHC13) 3570-3080, 3370, 1650, 1580, 1460,
25 g (44% ) of an oil. Vacuum distillation gave 21.7 g of a 1400, 1350, 1260, 1110, 1080, 1050, and 990 cm "1; nmr (CDC1„)
mixture, bp 144-154° (0.5 mm), which showed two methoxyl T 3.67 (q, 1, J i  =  5.5 cps, J 2 =  3 .4  cps, H -5), 4.2 (d, 1, J i  =
peaks at r  6.25 and 6.3 in the nmr. Silica gel column chroma- 5.5  Cps, H-6 ), 5.93 (q, 1, J 3 =  8 cps, J 4 =  3 cps, H -2), 7.36 (m,
tography gave 7 .4  g of a mixture highly enriched in the desired 4 , H -4), 7.53 (s, 3, NH2, OH), 7.78 (septet, 1, exo H -3), 8.64
adduct 8 : ir (CHC13) 1728 (COOMe), 1603, 1440, 1310, 1280- (m, 2, syn and anti H -7), and 9.07 (m, 1, endo H -3).
1180, and 1110 cm -1; nmr (CC14) t 2 .0  (m, 2) and 2.6 (m, 3, Deamination of l-Aminobicyclo[2.2.1]hept-5-en-2-ol (13).—  
aromatic), 3.62 (m, 2 , olefinic), 4 .17 (q, 1, J i  =  8 cps, J 2 =  3 To an ice-cold solution of 351 mg (2.81 mmol) of amine 13 in
cps, H -2), 6.25 (s, 3, COOMe), 7 .0  (s, 1, H -4), 7.48 (septet, 12 ml of 50%  acetic acid was added 776 mg (11.2 mmol) of
1, exo H -3), 8.12 (m, 2, syn and anti H -7), and 8.8 (m, 1, endo sodium nitrite in 4 ml of water. The solution was stirred for 1 
H -7). _ hr at 0° and 1 hr at room temperature, neutralized (Na2C 0 3),

l-Carboxybicyclo[2.2.1]hept-5-en-2-yl Benzoate (9). A solu- and continuously extracted with ether to give 265 mg of product:
tion of 56.5 g (421 mmol) of anhydrous lithium iodide and 11.4 jr (CHC13) 3580, 3420, 1723, 1650, 1540, 1375, 1350, 1270, 1180,
g (42.1 mmol) of 8 in 1200 ml of anhydrous pyridine was re- n 6 0 , 1000, and 905 cm "1; nmr (CDC13) t - 0 . 4  (s), - 0 .1  (s),
fluxed under nitrogen for 3 days, poured over crushed ice, neu- 3 .55- 4 .16 (m, 2, olefinic), 5 .67 (m, 1, H -2), 5.95 (s, ca. 2 .3 ),
tralized (concentrated HC1) with external cooling, and extracted 7.0  (m , ca. 0 .43), 7.36 (m, 1, H -4), 7.88 (s, ca. 0 .86, COOMe),
with ether. The ether extract was concentrated under reduced 7.73  (m> 2 ), 8.21 (m, 1), 8.47 (m, 2), and 8.93 (m, 2 ). Prepara-
pressure and extracted with 40 ml of 1 N  NaOH solution. Ether tive thin layer chromatography of 150 mg of this product gave
extraction of the reacidified solution gave 9.9 g (91% ) of product, 44 mg 0f 45 (contaminated with some 16): ir (CHCls) 3580,
which when recrystallized from hexane-ether gave 5.36 g (49% ) 3400 , 1723, 1375, and 1270 cm "1; nmr (CDCla) r 3.63 (q, 1,
of crystalline acid benzoate 9 : mp 138-141°; ir (CHC13) 3500- j ,  =  6 cps, J 2 =  3 cps, H -5), 3.83 (d, 1, J i  =  6 cps, H -6), 5.58
2500, 1715, 1605, 1588, 1450, 1315, 1275-1195, and 1110 cm "1; (q> 4, J 3 = 8 cps, J 4 =  2.5 cps, H -2), 6.53 (s, 1, OH), 7.25 (m,
nmr (CDCls) r - 2 . 0  (s, 1, COOH), 1 .6 -2 .74  (m, 5, aromatic), 1> H -4), 7.87 (3, 3, COOMe), 7.71 (septet, 1, exo H -3), and 8 .0 -
3 .23-3 .60  (m, 2, H -5, H -6), 3.95 (q, 1, J i  = 8 cps, J 2 = 3 cps, 9.2  (m, 3, syn and anti H -7, endo H -3). Vacuum sublimation
H -2), 6.8  (s, 1, H -4), 7.29 (septet, 1, exo H -3), 8 .0  (m, 2, syn a4 490° (0.5 mm) of the second fraction gave 46 mg of crystalline
and aniiH -7) and 8.5 (m, 1, endo H -3). diol 16: mp 173-175° dec (sealed tube); ir (CHCls) 3580, 3400,

A nal. Calcd for C iJ I iJh : C, 69.76; H , 5 .42 . Found: 4605, 1580, 1460, 1400, 1350, 1160, 1085, 1040, 990, and 910
C, 69.60; H, 5 .41. cm “1; nmr (CDCls) r  3.65 (q, 1, J i  =  5 .8  cps, J 2 =  3.2 cps,

N-Carbomethoxy-l-aminobicyclo[2.2.1]hept-5-en-2-yl Benzoate H -5), 4.11 (d, 1, / ,  =  5.8 cps, H -6), 5.86 (q, 1, J ,  =  8 cps, J\ =
(12).— A 2.9-g (11.2 mmol) sample of 9 was dissolved in 23 ml 3 cpS) jj-2 ), 7 .0  (s, 2, OH), 7.3 (m, 1, H -4), 7.73 (septet, 1,
of 0.5 N  NaOH and evaporated under reduced pressure (30°). ex0 H -3), 8.57 (m, 2, syn and anti H -7), and 8.97 (m, 1, endo

~  „  . .. . . . . . . . .  . . . .  H -3); mass spectrum (70 eV) m /e  (rel intensity) 107 (0 .4), 105(13) D uring th e  course of th is study  th e  aminodiol 35 and th e  quaternary  > Q 6  , , , 5 ,  , a ,  0 0  n n m  SI ( a t  7 Q (91 7 7  « 7 ( 0  01salt 36 were also synthesised. Subsequent reactions of these compounds ^ A )  9 5  (1 ) , 83 (8 ) , 8 2  (1 0 0 ) 81 (9 ) ,  79  (2 )  7 7  (3 ) , 67  ( 0 .9 ) ,
led to  uncharacterizable tars and are therefore not discussed in detail. 65  (1 ) ,  Do ( 0 .9 ) ,  5 4  ( 5 ) ,  5 o  ( y j ,  o Z  a n d  51 (o ) .

+ A n al. Calcd for C7H 10O2: C, 66.67; H , 7 .94 . Found:
K ^ C tO p T  C, 66.87; H .8 .1 7 .

/̂ X S~7\  Thermal Decomposition of N-Nitroso-l-acetamidobicyclo-
| oh [2.2.1]hept-5-en-2-yl Benzoate (18).— A benzene solution of
oh acid azide 11, obtained from 1.5 g of 9, was refluxed under nitro-

35 36 gen for 36 hr to give 1.5 g of isocyanate 25: ir (CC14) 2260,
(14) D. Peters, J .  C h e m . Soc., 1042 (1961). 1730, 1605, 1580, 1455, 1270, and 1110 c m -1. An ether solution
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of 25 was added to a 100-ml, three-neck flask, the flask was flushed exo E -3 ) , 8.37 (m, 2, syn and anti H -7), and 9.0 (m, 1, endo 
with nitrogen and cooled to —78°, and 2.9 ml (5.8 mmol) of H -3).
2 M  ethereal methyllithium solution was added with vigorous A nal. Calcd for C8Hio03: C, 62.34; H, 6.49. Found: C,
stirring. After 2 hr at —78° the solution was gradually warmed 62.58; H, 6.69.
to room temperature, the ether was evaporated under a stream 1-Carboxybicyclo[2 .2 .l]hept-5-en-2-one (30).— A solution of
of nitrogen, and 25 ml of CC1< was added. The solution was 700 mg (4.53 mmol) of 29 in 5 ml of anhydrous pyridine was added
cooled to —50° and then 1.43 g (17.5 mmol) of fused sodium to a stirred solution of 7 g (27.2 mmol) of Collins reagent16
acetate and 7 ml of a 0.0185 M  solution of N20 4 in CC14 were in 95 ml of pyridine. After 12 hr at room temperature the sus-
added with stirring. The solution was slowly warmed to room pension was poured over ice, neutralized (concentrated HC1)
temperature and then heated at 70° for 16 hr. The suspended with external cooling, and extracted repeatedly with ether,
solid was filtered and the filtrate was evaporated to give 1.12 g The ether was dried (M gS04) and evaporated and the residue
of product. Ether extraction of an aqueous solution of the filtered was vacuum sublimed twice at 70° (0.5 mm) to give 457 mg
solid gave 435 mg of amide 23 (26% ). Preparative tic followed (66% ) of crystalline 30: mp 119-121°; ir (CHC13) 3600-2500,
by sublimation at 110° (0.5 mm) gave a white, crystalline solid: 1790 (sh), 1770, 1760, 1720, 1310, 1100, 990, and 970 cm -1;
mp 156-158°; ir (CHC13) 3390, 3060, 1715, 1675, 1588, 1502, nmr (CDC13) t - 1 . 5  (s, 1, COOH), 3.3 (q, 1, J i =  6 cps, J 2 =
1455, 1345, 1280, and 1115 cm -1; nmr (CDC13) t  1 .85-2 .6  (m, 3 cps, H -5), 3.6 (d, 1 , J\ =  6 cps, H -6), 6 .74 (m, 1, H -4), and
5, aromatic), 3.08 (br, 1, N H ), 3.6 (q, 1, J i  =  6 cps, J 2 =  3.5 7.55-7.87 (m, 4, syn and anti H-7, exo and endo H -3); mass spec-
cps, H -5), 3.9 (d, 1, J i  =  6 cps, H -6), 4.25 (q, 1, J j  =  8 cps, J 4 trum (70 eV) m /e  (relintensity) 153 (2.3), 152 (2.5), 135 (0 .4), 124 
=  2.5 cps, H -2), 7.1 (m, 1, H-4), 7.5 (m, 2, exo H-3, syn H -7), (8 .4), 110 (100), 105 (1.2), 93 (9 .6), 82 (55.8), 79 (15.4), 77
8.0 (s, 3 , COMe), 8.28 (d, 1, J i  — 8  cps, anti H-7) and 8.7 (m, (15.4), 66 (82.8), 65 (21.2), 51 (11.5), and 45 (6), metastable
1, endo H -3); mass spectrum (70 eV) m /e  (rel intensity) 167 peaks at m /e  101.5, 64.5 (135-93), 61.5 (110-82), and 39.6
(2 .5), 166 (17.3), 149 (3 .1), 124 (37.8), 123 (100), 107 (5 .3 ), (110-66).
105 (33.3), 81 (66.7), 80 (12.6), 77 (22.8), 66 (1 .0), 65 (1 .5), A nal. Calcd for C8H80 3: C, 63.16; H, 5 .26 . Found: C,
53 (3 .6 ), 51 (6 .4), and 43 (17.3), metastable peaks at m /e  79.5 63.13: H ,5 .1 0 .
(149-107), 56.5 (105-77), 53.4 (123-81), 51.5, 35.2 (81-53), and Attempted Preparation of l-Aminobicyclo[2.2.1]hept-5-en-2- 
3 3 .8 (7 7 -5 1 ). one (27).— A suspension of the sodium salt of the keto acid

A n al. Calcd for Ci6Hi7N 0 3: C, 70.85; H , 6 .27 ; N , 5 .17. 30, when treated with 1 equiv of oxalyl chloride as described
Found: C, 71.17; H ,6 .4 2 ; N ,4 .9 4 . above, gave an acid chloride: ir (CCh) 1818, 1789, 1757, 1480,

Two major components could be isolated from the 1.12 g of 1232, 1175, 1085, 1036, and 870 cm -1 . The acid chloride was
product by repeated Florisil column chromatography. Vacuum dissolved in acetone, cooled to 0 ° , and treated with 1 equiv of
sublimation at 60° (0.5 mm) of the faster moving component sodium azide to give an acid azide: ir 2130, 1770, 1715, 1298,
(c a . 57%  of mixture) gave a white, crystalline solid, 22: mp 1256, 1175, and 945 cm “1. The crude carbamate obtained by
7 4-75°; ir (CCh) 3060, 1730, 1605, 1585, 1455, 1330, 1315, methanolysis of the azide was chromatographed through Florisil
1285, 1275, 1115, and 1105 cm “1; nmr (CC14) t 1 .9 -2 .9  (m, 5, to give 307 mg (49% ) of crystalline keto carbamate 31: mp
aromatic), 3.75 (m, 2, olefinic), 4 .5  (q, 1, J i  =  8 cps, J 2 =  3 80 -8 1 °; ir (CHC13) 3403, 1755, 1731, 1605, 1580, 1504, 1455,
cps, H -2), 7.15 (m, 1, H -4), 7.5 (m, 1, exo H -3), 8 .0  (m, 2, syn  1260, 1085, and 1000 cm "1; nmr (CDC13) 3.45 (q, 1, J i  =  5.5
and anti H -7), and 8.67 (m, 1, endo H -3); mass spectrum (70 cps, J 2 =  3.2 cps, H -5), 4.0 (q, 1, J 1 = 5.5 cps, J 3 =  1 cps,
eV) m /e  (rel intensity) 294 (3.0), 292 (3 .0), 248 (0 .4), 213 (0 .2), H -6), 4.18 (s, 1, N H ), 6.33 (s, 3, COOMe), 6.86 (m, 1, H -4),
189 (0 .3), 187 (0.3), 149 (4.5), 146 (7.7), 106 (7 .7), 105 (100), 7.1 (m, 1, exo H -3), and 7.92 (m, 3, syn and anti H-7, endo H -3);
77 (28.6), 65 (6 .5), and 51 (8 .3), metastable peaks at m /e  56.5 mass spectrum (70 eV) m /e  (rel intensity) 181 (0.3), 153 (100),
(105-77) and 29.1 (144/146-65). Basic hydrolysis of 22 gave, 150 (2 .4), 139 (29 .2), 121 (12.1), 120 (19 .1), 108 (5), 107 (32 .1),
after preparative tic, 12 mg of 24: ir (CC14) 3590, 3460, 3138, 94 (23.1), 80 (13.6), 79 (12.1), 78 (29.2), 67 (15.5), 66 (8 .5),
3060, 1338, 1305, 1275, 1235, 1130, 1110, 1070, 1040, 995, 975 , 65 (5.6), 59 (14.6), and 53 (19.1), metastable peaks at m /e
and 875 cm “1; nmr (CDC13) t 3.38 (q, 1, J i  =  6 cps, J 2 =  3 cps, 104.3, 94.8 (153-120), 82.7 (139-107), and 39.8 (107-65).
H -5), 3.67 (d, 1, J i  =  6 cps, H -6), 5.26 (q, 1, J 3 =  8 cps, J 4 =  3 A nal. Calcd for C9H „ N 0 3: C , 59.76; H , 6 .08 ; N , 7 .73. 
cps, H -2), 6 .8  (s, 1, OH), 7 .0  (m, 1, H -4), 7.48 (septet, 1, exo Found: C .6 0 .0 5 ; H ,6 .1 7 ; N .7 .8 4 .
H -3), 7.86 (m, 2, syn and anti H -7), and 8.67 (m, 1, endo H -3); A solution of 265 mg (1.46 mmol) of 31 and 818 mg (14.6  
mass spectrum (70 eV) m /e  (rel intensity) 146 (100), 144 (100), mmol) of potassium hydroxide in equal volumes of methanol and
125 (9), 123 (11), 111 (15), 97 (24), 83 (22), 81 (27), 65 (83), water (5 ml) was refluxed for 12 hr under nitrogen. The meth-
and 55 (40). Preparative tic of the second major component anol was evaporated and the residue was continuously extracted
(ca. 38%  of mixture) gave essentially pure 21: ir (CC14) 3060, with ether to give 112 mg of 32 (73% ). Vacuum sublimation
1755, 1730, 1655, 1605, 1585, 1455, 1370, 1340, 1315, 1275, at 80° (0.5 mm) gave 70 mg of a waxy solid: ir (CC14) 3060,
1235, 1175, and 1110 cm “1; nmr (CC14) r  2 .0 -2 .9  (m, 5, aroma- 1678, 1430, 1328, 1240, 1125, 1105, 1045, and 900 cm “1; nmr 
tic), 3.78 (m, 2, olefinic), 4 .2  (q, 1, J i  =  8 cps, J 2 =  3 cps, (CC14) 3.66 (q, 2, J x =  5.5 cps, J 2 =  3 cps, H -5, H -5 '), 4.36
H -2), 7.2 (m, 1, H -4), 7.53 (m, 1, exo H -3), 7.98 (m, 2, syn  and (d, 2, J i  =  5.5 cps, H-6, H -6 '), 7.01 (m, 2, H -4, H -4 '), and
anti H -7), 8 .0  (s, 3, COOMe), and 8.7 (m, 1, endo H -3); mass 7 .43-9 .26  (m, 8 ); mass spectrum (70 eV) m /e  (rel intensity) 
spectrum (70 eV) m /e  (rel intensity) 272 (0 .2 ), 258 (0 .2), 230 210 (27), 209 (27), 195 (14), 183 (3.6), 168 (6 .7), 145 (6 .1), 132
(0 .7), 168 (1 .0), 167 (8), 149 (1 .0), 126 (4), 125 (44), 124 (44), (18), 105 (100), 91 (14), 78 (12), 77 (14), and 65 (60); highresolu-
107 (4), 106 (8), 105 (100), 82 (59), 8) (7), 77 (52), 67 (4), 65 (3), tion (measured m/ e ,  elemental composition, calculated mass)
and 43 (48). Basic hydrolysis of 21 followed by vacuum sub- 210.1160, C uH i4N 2, 210.1160; 145.0765, C9H 9iN2, 145.0766;
limation of the product at 100° (0.5 mm) gave 20 mg of diol 105.0578, C7H 7N, 105.0578; 91.0547, C7H7, 91.0545; 78.0469,
16- C6He, 78.0462; and 65.0391, C5H 6, 65.0383.

l-Carboxybicyclo[2.2.1]hept-5-en-2-ol (29).— A solution of
3.91 g (15.2 mmol) of 9 in 60.8 ml of 0.5 N  sodium hydroxide Registry No.— 8, 23939-72-2; 9, 23972-87-4; 12,
was stirred at room temperature under nitrogen for 12 hr. The 23939-73-3; 13 ,23939-74-4 ; 15 ,23972-88-5 ; 16, 23939- 
solution was acidified (1.0 V  IIC1) and extracted with ether, arid 7t- o o n v o c o « .  oonoo v c  a .  0 7  oqoqo nn n.
the ether was dried (M gS04) and evaporated to give 4.19 g 2 0 9 /z - s y - o ,  ¿¿ , ZoYl-rJ-1 0 - 0 , ¿ 6 , Z6y6\) t l - i ,
of a mixture of benzoic acid and 29. This mixture was digested 24, 23939-78-8; 29, 23939-79-9; 30, 23936-82-5; 31,
in 75 ml of hexane and cooled, and the suspended solid was 23936-83-6; 32, 23936-84-7.
filtered to give, after recrystallization from acetone, 1.45 g
(62% ) of crystalline 29: mp 162-164° dec; ir (K Br) 3600- Acknowledgment.— This work was supported in
2500, 3320, 1700, 1340, 1313, 1270, 1258, 1068, 1055, 930, 820, part by Grant G M  14662 from the National Institutes
and 705 cm "1; nmr (CD3COCD3) r  3 .6  (q, 1, J i  =  6 cps, J 2 =  r r  Vi
3 cps, H -5), 3.84 (d, 1, J ,  =  6 cps, J 2 =  3 cps, H -5), 3.84 (d, 0  rLealU1'
1, J i  =  6 cps, H -6), 1 .8 -4 .63  ( b r ,  2, COOH, OH), 5 .2  ( q ,  1, (15) j .  c . Collins, W. W. Hess, and F. J . F rank, T e t r a h e d r o n  L e t t . ,  3363
Js  =  8 cps, J 4 =  3 cps, H -2), 7.15 (m, 1, H -4), 7.73 (septet, 1, (1968).
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The catalytic desulfonylation of arenesulfonyl chlorides and bromides by RhCl(PPhs)s (1), RhCl(CO)(PPhs)2
(2), IrCl(CO )(PPh3)2 (3), RuCl2(PPh3)3 (4), P t(PP h 3)4 (S), and PdClj (6) has been investigated. The desulfon
ylation is assumed to proceed mainly by a metal ion promoted mechanism and to a smaller extent v ia  homolytic 
decomposition. A theory of the former mechanism has been suggested which accounts for the observations made 
in this study. The essential features of the theory are the steps A rS 02IrCl2(C 0)(P P h 3)2 (7) -*■ A rS02IrCl2(C 0 )-  
(PPh3) (8) —*■ ArIr012(C 0 )(S 0 2)(PPh3) (9) and loss of sulfur dioxide from the last compound. Several new rho
dium and iridium complexes are described.

In a preliminary communication1 we reported carbonylbis(triphenylphosphine)iridium(I), IrCl(CO)-
that chlorotris (triphenylphosphine) rhodium (I), RhCl- (PPh3)2 (3), dichlorotris(triphenylphosphine)ruthe-
(PPh3}3 (1), catalyzes the conversion of arenesulfonyl nium(II), R uCl2(PPh3)3 (4), tetrakis(triphenylphos-
chlorides into the corresponding aryl chlorides. phine) platinum(O), Pt(PPh3)4 (5), and palladium

We have studied now the applicability of this homo- dichloride (6) were used, the undesired side reactions
geneous catalytic desulfonylation to a variety of became more and more predominant,
aromatic sulfonyl halides, using various complexes of The homolytic decomposition could generally be 
the platinum group (Tables I and II) as catalysts. In reduced by dilution of the reaction mixture with hexa-
addiuon, we investigated the nature of some catalyst- chlorobenzene.
substrate complexes that are assumed to be interme- In Table II some representative experiments using 1 
diates in the process. as catalyst are summarized. The results obtained with

T able I
D esulfonylation of Benzene- and p -Chlorobenzenesulfonyl Chloride b y  Various Catalysts

M aximum  yield of 
pure aryl halide,

Sulfonyl chloride W t, g C atalyst Method® %
Benzene- 1 7 .6  RhCl(PPh3)3 (1) A 79
Benzene- 15 RhCl(PPh3)3 (1) B  88
Benzene- 5 RhCl(PPh3)3 (1) C 75
Benzene- 10 .7  £rons-RhCl(CO)(PPh3)2 (2) A 32
Benzene 5 fewis-RhCl(CO)(PPh3) . (2) C 59
Benzene- 15 ¿mns-IrCl(CO)(PPh3)2 (3) A 36
Benzene- 1 7 .2  frans-lTCl(CO)(PPhs)2 (3) C 74
Benzene- 10 RuCl2(PPh3)3 (4) B  37
Benzene- 5 .5  RuClifPPhda (4) C 50
Benzene- 10 PtfPPhsh (S) B 20
Benzene- 10 .6  P t(PP h 3)< (5) C 50
Benzene- 1 0 .4  PdCk (6) A 27
Benzene- 10 PdCl2 (6) C 65
p-Chlorobenzene- 10 RhCl(PPh3)3 (1) A 85
p-Chlorobenzene- 15 RhCl(PPh3)3 (1) B  67
p-Chlorobenzene- 5 RhCl(PPh3)3 (1) C 97
p-Chlorobenzene- 10 ¿r<ms-RhCl(CO)(PPh3)2 (2) A 35
p-Chlorobenzene- 10 irans-RhClfCOXPPlnh (2) C 71
p-Chlorobenzene- 10 ira?w-IrCl(CO)(PPh3)2 (3) A 37
p-Chlorobenzene- 14 .2  frans-IrCl(CO)(PPh3)2 (3) C 74
p-Chlorobenzene- 15 RuCkfPPhsX (4) B  55
p-Chlorobenzene- 5 RuCl2(PPh3)3 (4) C 60
p-Chlorobenzene- 15 P t(PP h 3)4 (5) B  46
p-Chlorobenzene- 5 PtfPPhsh (5) C 55

« See Experimental Section: A, simple distillation; B , under nitrogen; C,inhexachlorobenzene.

In Table I, the results obtained with benzene- and simple derivatives of benzenesulfonyl chloride and
p-chlorobenzenesulfonyl chloride and several catalysts bromide are comparable with those obtained by hetero-
are summarized. The figures indicate that the rhodium geneous catalyses.3
complex 1 is the best of these catalysts: the rate of In these cases the noncatalyzed thermal decomposi- 
desulfonylation is high in comparison with that of the tion is slow and the desulfonylation is believed to 
competing homolytic noncatalytic decomposition of the
sulfonyl chlorides.2 When chlorocarbonylbis(triphenyl- Q )  C f .  r .  J . Bain, E  L  Blackm an, W. Cummings, s  A  Hughea, E . R .
p h o s p  h i n e )  r h o d i u m  ( I ) ,  K h t r i ( C O ) ( r l - n 3J 2 { ¿ ) ,  C b i o r o -  (3) M onaant0 Chemicals Ltd., B ritish P a ten ts  948,281 and 976,438;

C h e m .  A b sir., 62, 7681' (1965); French P a te n t 1,340,833; C h e m .  A b e t r„  
(i; J . Blum, T e t r a h e d r o n  L e t t . ,  3041 (1966). 60, 5393'(1964).
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T a b l e  I I
D e s u l f o n y l a t io n  o f  A b e n e s u l f o n y l  H a l id e s  b y  1

Sulfonyl halide R eaction Aryl halides formed
E xpt (g) M ethod“ tim e, min (best yield obtained, %)

1 C6H 5S 0 2Br (4.7) C 5 C„H6Br (60)
2 p-CH3C6H4S 0 2F  (15) A, D 180 No aryl fluoride
3 p-CH3C6H4S 0 2Cl (15) A 30 p-ClC6H4CH3 (72)
4 p-CH3C6H4S 0 2Br (7) A 5 No aryl bromide
5 p-CH3C6H4S 0 2Br (27) C 5 p-BrC6H4CH3 (45)

p-ClC6H4CH3 (traces)
6 2,4,6-(CH 3)3C6H2S 0 2Cl (3) C 4  2-Chloromesitylene (27)
7 p-CH30 C 6H4S 0 2Cl (15) A 40 p-ClC6H 4OCH3 (40)
8 p-FC6H4S 0 2Cl (15) A 240 p-ClC6H4F  (61)
9 p-FC6H4S 0 2Br (3.9) C 15 p-BrC6H4F  (50),

p-ClC6H4F  (traces)
10 p-ClC6H4S 0 2F  (4) D 330 p-ClCJT4F  (traces)
11 2,5-Cl2C6H3S 0 2Cl (10) A 25 1,2,5-C.HjCli (65)
12 p-BrC6H 5S 0 2Cl (15) A, B  20 p-CeH4Cl2 (18)

p-BrC„H4Cl (34) 
p-C„H4Br2 (17)

13 p-BrC6H 4S 0 2Cl (3)6 C 20 p-C6H4Cl2 (8)
p-BrC6H4Cl (14) 
p-C6H4Br2 (3)

14 p-BrC6H4S 0 2Cl (3)' D 20 p-C6H4Cl2 (6.5)
p-BrC6H4Cl (9) 
p-C6H4Br2 (2.8)

15 p-BrC6H4S 0 2Br (3)* A 7 p-C6H4Br2 (60)
16 p-BrC6H4S 0 2Br (3)« C 20 p-C6H4Cl2 (12)

p-BrC6H 4Cl (32) 
p-C6H4Br2 (29)

17 p-IC6H4S 0 2Cl (10)/ C 15 p-C6H4Cl2 (6),
p-ClCeH4I (29) 
p-C6H4I2 (16)

18 o- 0 2NC6H4S 0 2C1 (5) D 90 o-C1C„H4N 0 2 (3)
19 ot-C6H 4(S 02C1)2 (10) A 15 m-C6H4C12 (62)
20 1,3,5-C6H3(S 0 2C1)3 (3) A 10 1,3,5-C6H3C13 (33)
21 «-C 10H,SO2Cl (5) A 30 a-C,„H,Cl (17)
22 ,3-Ci«H,S02F  (10) D 180 0-C IOH ,F  (10)
23 /3-Ci0H,SO2C1 (6) A» 20 0-CiOH,Cl (69)
24 3-C ioH,SO,C1 (5) D 30 /S-CioHvCl (53)
25 4-FC i0H6-1-SO2C1 (5) A» 20 1-C1Ci0H 6-4-F (70)
26 8-C1CioH 6-1-S 02C1 (4) D 20 1,8-CioH6C12 (27)
27 2-Fluorenesulfonyl chloride D 4 10 2-Chlorofluorene (6)

(0.9)
28 1-Anthracenesulfonyl D 10 1-Chloroanthracene (9)

chloride (2.9)
29 6-Chrysenesulfonyl fluoride D 270 6-Fluorochrysene (traces)

(1.3)
30 6-Chrysenesulfonyl chloride D 15 6-Chlorochrysene (50)

(2 )*'
“ See Experimental Section: A, B, and C as in Table I; D, in hexachlorobenzene but under reflux. b When 3 was used as catalyst, 

the products and yields were as follows: p-C6H4Cl2 (3); p-BrCeH4Cl (18); p-C6H4B r2 (6). c In the absence of catalyst: p-C6H4Cl2
(12); p-BrC6H4Cl (11); p-C6H4Br2 (2). d In the absence of catalyst, 40% . e In the absence of catalyst: p-C6H4Cl2 (1); p-BrCeH4Cl
(16); p-C6H4B r2 (30). 1 Similar results were obtained without catalyst. « The reaction was carried out under reduced pressure, which
permits the reaction mixture to boil between 255 and 275°. h Under nitrogen. * In the absence of catalyst 6 .5%  6-chlorochrysene 
was formed.

proceed mainly by metal-ion promotion. The sulfonyl mechanism is shown by the fact that both p-toluene-
halides of lower stability, i.e., those that split homolytic- and p-fluorobenzenesulfonyl bromide react with the
ally at, or below, the threshold temperature for catalytic perchlorinated solvent and form small quantities of
desulfonylation,1 give lower yields of the expected aryl p-chlorotoluene and p-dichlorobenzene, respectively,
halides. Moreover, when p-bromobenzenesulfonyl bromide—

The sulfonyl bromides belong to the latter category whose tendency to undergo homolytic decomposition is
and do not yield aryl bromides by simple distillation also shown below— is heated with 1 in perfluorobiphenyl
over the catalyst (method A), but dilution of the reac- or in Perfluoroalkane-225 (Peninsular ChemReseareh
tion mixtures with a tenfold excess of hexachlorobenzene Inc.), fluorobenzene and p-bromofluorobenzcne are
(method C) permits the formation of the aryl bromides formed along with the expected p-dibromobenzene.
(expt 1, 5, and 9). While fluoro- and chlorobenzenesulfonyl chloride do

That the desulfonylation of the sulfonyl bromides not decompose thermally in the absence of the catalyst
proceeds, at least to a small extent, by a free-radical to a considerable extent, the bromo and especially the
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T a b l e  I I I
P h y s ic a l  D a t a  a n d  A n a l y s e s  f o r  I r id iu m  a n d  R h o d iu m  C o m p o u n d s

Approx
m p. °C  ,------C, %------ -------H , % ------ v----- Cl, % ------ -------P , % ------ . ----- -S, %------, v C o a

Compd dec Found Calcd Found Calcd Found Calcd Found Calcd Found Calcd cm ”1
C44H37Cl2I r 0 3P 2S (7, Ar =  p-CHsCelh)» 290 5 3 .9  5 3 .4  3 .7  3 .8  6 .9  6 .4  3 .7  3 .3  2080
C26H22Cl2I r 0 3PS (8 or 9, Ar =  p-CH3C6H4) 260 4 3 .9  4 4 .1  3 .5  3 .1  10 .0  10 .0  4 .4  4 .4  4 .2  4 .5  2098
C«H34Cl3I r 0 3P 2S (7, Ar =  p-ClC6H4)1 205 52 .1  5 2 .2  4 .4  3 .4  1 1 .4  1 0 .8  3 .7  3 .2  2080
C25H I9Cl3I r 0 3PS (8 or 9, Ar =  p-ClC6H4) 250 4 1 .3  4 1 .2  2 .8  2 .6  14 .4  14 .6  4 .2  4 .3  4 .0  4 .4  2090
C43H34Cl3IrOP2 (11, Ar =  p-ClC6H4) 285 5 5 .4  5 5 .7  3 .6  3 .7  1 2 .3  1 2 .5  6 .5  6 .7  0 .0  0 .0  2020
C25Hi9Cl2I r 0 3PS (12 or 13, Ar =  p-ClC6H4)e 200 4 3 .8  4 3 .3  2 .8  2 .7  4 .6  4 .5  4 .5  4 .6  2105
CaJIssCIsIrAPjS (14)' 282 4 3 .4  4 3 .1  2 .8  2 .7  1 5 .0  1 5 .4  2 .7  2 .3  2040 br
C47H37Cl2I r 0 3P2S (7, Ar =  210 5 5 .9  5 6 .0  3 .7  3 .7  7 .5  7 .1  6 .5  6 .2  2080
C29H22Cl2IrOP (10, Ar =  /S-C10H7) > 300 5 1 .6  5 1 .1  3 .3  3 .2  10 .0  1 0 .4  4 .4  4 .7  0 .0  0 .0  2070
C29H22C lIr03PS (12 or 13, Ar = /3-C i0H7)' > 300 4 9 .0  4 9 .0  3 .3  3 .1  5 .2  5 .0  4 .3  4 .3  4 .4  4 .4  2050
CssHjsCblrOsPS (15) 5 1 .1  5 1 .2  3 .3  3 .4  3 .8  3 .8  4 .1  3 .9  2095
C47H37C lF Ir0 3P2S (16) 204 5 6 .8  5 6 .9  3 .9  3 .7  6 .1  6 .3  3 .0  3 .2  2080
C25H22Cl20 2PRhS (17, Ar = p-CH3C6H4) 283 5 1 .0  5 0 .8  3 .7  3 .7  12 .4  12 .0  5 .2  5 .2
C28H22Cl20 2PRhS (17, Ar = j3-Ci0H7) 218 5 3 .5  5 3 .5  4 .2  3 .5  11 .6  11 .3  4 .6  4 .9
° In Nujol. 1 Cf. ref 6. c Paramagnetic.

iodo derivatives undergo extensive homolytic frag- tures between 78 and 160°. The rhodium catalyst 1
mentation at their boiling points. Thus, e.g., p-bromo- gave only a small number of defined addition complexes,
benzenesulfonyl chloride is converted after 20 min at one, Rh^ChiSOiXPPhsX,1 being an adduct of sulfur
reflux into 0.4% p-dichlorobenzene, 12%  p-bromo- dioxide and dissociated 1 [cf. the formation of RhCl-
chlorobenzene, and 8.5% p-dibromobenzene, and in the (S02)(PPh3)2 directly from 1 and liquid sulfur dioxide].6
presence of hexachlorobenzene to 12, 11, and 2%  of The Vaska complex IrCl(CO)(PPh3)2 (3) that has been
these dihalides, respectively. Addition of catalytic shown above to catalyze the desulfonylation reaction
amounts of either 1 or 3 lowers the degree of interaction (though less effectively than 1), however, reacts
with the solvent (expt 13 and 14). The formation of smoothly with several sulfonyl halides to give the 12
p-dichloro- and p-dibromobenzene does not result from complexes listed in Table III.
disproportionation of p-bromochlorobenzene, as the In a previous study, Collman and Roper6 reported 
latter is unaffected by 1. Similar radical-type dis- that a number of sulfonyl chlorides react with 3 to give
proportionation and interaction with the solvent were iridium sulfinate complexes of type 7, two of which
observed with p-bromobenzenesulfonyl bromide (expt (Ar = C 6H5 and Ar = p-CH3C 6H4) could be trans-
15 and 16). formed into 11 by heating at 110°. It could thus be

Arenedi- and -trisulfonyl chlorides are desulfonylated assumed that the conversion of arenesulfonyl halides
at 240-250° in fair yields (expt 19 and 20), while into aryl halides is based on this simple reaction 7 -*■ 11.
higher temperatures lead to extensive polymerization. However, while the analogous decarbonylation reac- 

Naphthalenesulfonyl chlorides could be converted tion of, e.g., CH 3COIrBr2(CO)(PPhEt2)2 to CH 3IrBr2-
catalytically into the corresponding chloronaphthalenes (CO) (PPhEt2)2,7 and the desulfonylation of some plati-
when the reaction temperature was carefully controlled
(below 275°). The polycyclic sulfonyl chlorides are ArS02IrCl2(C0)(PPh3)2 — ArS02IrCl2(C0)(PPh3)
polymerized by 1, when heated in the absence of hexa- 7 8
chlorobenzene, while in the presence of this solvent Arso2c i / *  j I isom erization

some quantities of the polycyclic aryl chlorides are IrCl(CO)(PPh-)2 I '
formed. 6-Chrysenesulfonyl chloride is exceptional in 3  j ArIrCl2(C0)(S02)(PPh3)
that it yields up to 50% 6-chlorochrysene together with l 9
varying amounts of chrysene (up to 36%). Thermal j  j  ~S02
decomposition of 6-chrysenesulfonyl chloride (without PP.
1) gave up to 6.5% aryl halide. ArIrCl2(CO)(PPh3)2 ■ < ArIrCl2(CO)(PPh3)

The desulfonylation of sulfonyl fluorides, which has 11 10
been reported to be successful in some heterogeneous ArS02IrCl(C0)(PPh3) ArIrCl(C0)(S02)(PPh3)
catalyses,3 generally failed under our experimental 12 13
conditions: benzene- and p-toluenesulfonyl fluoride [p-ClC6H4IrCl2(C0)(PPh3)]2S02
did not give any fluorides on refluxing with 1 for many 14

hours. p-Chlorobenzene- and 6-chrysenesulfonyl fluo- „  „ m i f ,
ride yielded up to 2%  the expected fluoride, probably /3-CI0H7SO2IrCl2(CO)(PPh3).C6H6
as a result of homolytic fission, and 2-naphthalene-
sulfonyl fluoride could be converted into 2-fluoro- /S-CioH7S02IrClF(CO)(PPh3)2 ArS02RhCl2(PPh3)
naphthalene in 10% yield. 16 *7

Following our experience in the field of catalytic nium(0) sulfinate complexes8 could be rationalized as
decarbonylation,4 we attempted to study the mecha- one- and two-step processes, respectively, the direct
nism of the catalytic desulfonylation by treating several ... T T T • _ ,. „  , T .. .  . _ , .  _ , , _ , , °  (5) J. J. Levisan and S. D. Robinson, I n o r g .  N u c l .  C h e m .  L e t t . ,  4, 407
sulfonyl halides with the catalysts at various tempera- (1968).

(6) J . P. Collman and W. R . Roper, J .  A m e r .  C h e m . S o c . ,  8 8 , 180 (1966).
(4) J. Blum, E . Oppenheimer, and E. D . Bergmattn, J .  A m e r .  C h e m .  S o c . ,  (7) J . C ha tt, N. P. Johnson, and B. L. Shaw, J .  C h e m . S o c . ,  A ,  604 (1967).

89,2338 (1967). (8) C. D. Cook and G. S. Jauhal, Can. J .  C h e m . ,  45, 301 (1967).
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desulfonylation of 7 seems improbable (unless a seven- carbonylbis(triphenylphosphine)iridium(I) (3b1».11 dichlorotris-
coordinated iridium i n t e r m e d i a * . f o r m e d ) ,  and our < ^ 5 ^
experiments provide evidence that the transformation scribed in the literature. The different methods used for the
7 11 is a multistep process. Initial loss of PPh3 desulfonylation reactions (see Tables I and II) are illustrated by
yields 8, which isomerizes to 9 and by loss of S 0 2 gives the following examples.
10. The latter recombines with PPh3 to give aryldi- Method A p-Dichlorobenzene from p-Chlorobenzenesulfonyl 

t i i  • i- Chloride.— A mixture of 10.0 g of freshly distilled p-chloroben-
chlorocarbonylbis(tnphenylphosphme)iridium (11). zenesulfonyl chloride and 0.1 g of chlorotris(triphenylphosphine)-

In our experience p-toluene-, p-chlorobenzene-, and rhodium(I) (1) was heated in a Claisen flask equipped with a
/3-naphthalenesulfonyl chloride reacted with 3 in 25-cm-long Vigreux column, so as to permit distillation at 166-
aromatic hydrocarbons to give complexes of type 7 only 172° of the p-dichLorobenzene formed. After 25 min no more
■ 1J D OT, A in on im n u ro  TKo m ain of this compound was collected; a polymer remained in the dis-
m very poor yields and in an impure state. The main flaP The orude distfllate wai taken up with methylene
products in these reactions were complexes of type 8 (or chloride and the solution was washed with alkali, neutralized,
9).  /3-Naphthalenesulfonyl chloride in  benzene g av e  dried, and distilled, yield 5.9 g (85%) of pure p-dichlorobenzene,
the benzene solvate 15. Addition of triphenylphos- m p 5 3 ° ,bp 168°.
phine to the reaction mixture led, however, in all cases Method B . Chlorobenzene from Benzenesuifonyl Chloride.—
T u  ■ u  i i ,  A slow stream of nitrogen was passed through the system de-
to  reason ab le  yields OI 7. . . scribed above, in which a mixture of 10.0 g of freshly distilled

T h e  re a c tio n  of 3 w ith  eq u im olar q u an tities  (or w ith  a  benzenesuifonyl chloride and 0.1 g of dichlorotris(triphenylphos-
sm all excess) of /3-naphthalenesulfonyl chlorid e in  phine)ruthenium(II) (4) was heated at 240° (wax bath). Chloro-
boiling b enzene led to  th e  fo rm atio n  of th e  desulfonyl- benzene distilled over during 75 min, and much polymer was left
a te d  com p lex  10. p -C h loroben zen esu lfonyl chlorid e “ ^  flask The distillate was worked up as above, yielding

gave under these conditions a divalent indium com- Method C. p-Bromofluorobenzene from p-Fluorobenzene- 
pound of structure 12 (or 13), which may arise from 8 sulfonyl Bromide.— In the same apparatus as in method A, there
(or 9) by loss of a chlorine atom. The analogous was placed 3.9 g of p-fluorobenzenesulfonyl bromide (see below),
fl-naphthyliridium(II) compound crystallized from the 60 mg of 1, and 12 g of purified hexachlorobenzene. Upon gentle
7 ... . , , . , . i heating 2.2 g of material distilled, which was worked up m theboding mixture of equimolar amounts of 3 and /3-naph- ugual £^  The crude product wag analyzed by vapor phase 
thalenesulfonyl chlorid e in  mesitylene. chromatography on a 2 m X  6.4 mm column packed with 20%

The analyses of several complexes isolated show an S SE-30 on Chromosorb W and Oil a 1 m X  6.4 mm column packed
to Ir ratio of 1 :2 .  The formation of such compounds—  with 10%  Apiezon L  on Chromosorb W , and was found to con-
one of which is 14— is easily rationalized by the reaction h“ n 'races of fluorobenzene and 0 .5%  p-chlorofluorobenzene.

p a th w a y  d escrib ed  ab ove. Method D . Desulfonylation of /3-Naphthalenesulfonyl Fluo-
I t  is n o te w o rth y  th a t  from  th e  re a c tio n  m ix tu re  of r id e — A mixture of 10.0 g of chloride-free /3-naphthalenesulfonvl

ch lorid e-free (3-naphthalenesulfonyl fluoride, 3, an d  fluoride (prepared in 90%  yield from the sulfonyl chloride and
P P h 3 in boiling m esitylen e, som e d ich lorosulfin ate , 7 potassium fluoride14), 20 g of hexachlorobenzene, and 125 nag of
/ a „ n n  u  \ 1 was heated with stirring at 260 (wax bath) for 3 hr. th e
(Ar -  0-C ioHt), was iso lated  in  ad d itio n  to  th e  ex p e cte d  powdered reaotion mixture was digested with 100 ml of hot ben-
fiuoro compound 16. The complexity of the reaction, zene, filtered, and concentrated. The residue was freed from
including the extensive ligand exchange, is evidenced by hexachlorobenzene by extraction with methanol. Vapor phase
the fact that upon concentration of the mother liquor chromatographyanalysisona2 .6-m-longcolumnpackedwithl0 %
from this reaction, we obtained a mixture showing six Apiezon L  on Chromosorb W (condition for separation of naph-
v ,. , .  ■».- * -i . 11 ' r i thalene and 2-nuoronaphthaiene) snowed that 1U% 2-nuoro-

distinctive M -C O  bands m the infrared. naphthalene had been formed.
The rhodium analog of 3, chlorocarbonylbis(tn- p-Fluorobenzenesulfonyl Bromide.— A stirred mixture of 29.8

phenylphosphine)rhodium (2), gave with the sulfonyl g of sodium p-fluorobenzenesulfonate, 27.1 g of red phosphorus,
chlorides complex mixtures. Two compounds which and 16 8 of bromine was heated on the water bath until a ho-
could be separated in fairly pure state, viz. 17, Ar =  moger.eous liquid was formed. After cooling, the reaction mix- 

n x j  n u  a a o n  xt • • i i i  ture was poured onto crushed ice and chloroform, th e  organic
P"^B3U6li4, and 17, A r — P -U 10H 7, surprisingly, had layer was washed with cold water, dried, and concentrated. The
lost the CO group. The desulfonylation of the prob- residue was distilled at 66° (0.1 mm), affording 13 g (54% ) of
able initial rhodium-sulfinate complex A rS02RhCl2- p-fluorobenzenesulfonyl bromide as a colorless oil that darkened
(CO) (PPh3)2 might thus proceed either after extrusion upon exposure to air.

t  1 , c d -du u  , , , e A n al. Calcd for C6H4F B r 0 2S: C, 30.1; H, 1 .7 ; F ,  7 .9.
of one m olecule of PPh3 or, a lte rn a tiv e ly , b y  loss of Found- C 30 1 - H 1 6 - F  7 9
carbon monoxide in the well-known decarbonylation e-Chrysenesulfonyl Fluoride.— To a stirred solution of 5 g
pathway. of chrysene in 200 ml of chloroform, 15 ml of fluorosulfonic acid

In conclusion, we feel that although not all complexes was added at —50 to —20° during 75 min. The cold bath was
isolated in this study are necessarily intermediates in removed and stirring was continued for 22 hr a*, room tempera-

the catalytic desulfonylation, and, although catalysts l ,  layer wag separated> washed several times with cold water> and
2, 4, 5, and 6 might react differently from 3, the essential dried. The solvent was removed and the oily residue was trit-
features of the catalysis are the formation of a metal- urated with a mixture of chloroform and hexane. Thus 2.1 g
sulfinate complex and loss of S0 2. Elimination of A rX  (31 % ) of 6-chrysenesulfonyl fluoride, mp 175-179° (from cyclo-
and recombination of the remaining metal compound hexane), was obtained. T, „ v A ,

,, i , ! - , , ,  f  , , ,  7 , ,. A n al. Calcd for CisHhFO jS: C, 69.6; H, 3 .6 ; F ,  6 .1 .
w ith  th e  sultonyl h alide th e n  con clu des th e  c a ta ly tic  Found: C ,6 9 .9 ; H ,3 . i ;  F ,6 .0 .
cy c le . Dichlorocarbonyl-p-tolylsulfinatobis(triphenylphosphine)irid-

E x p e rim e n ta l S e ctio n  ium(III) (7, Ar =  p-CH3C6H, ).— A stirred mixture of 600 mg
F of p-tcluenesulfonyl chloride, 300 mg of 3, 1.1 g of triphenyl-

Chlorotris(triphenylphosphine)rhodium(I) ( l ) ,9 irans-chloro- ____________
carbonylbis(triphenylphosphine)rhodium(I) (2),10 fmns-chloro----------------------- (11) ? .  D . M ango and I. Dvorefczky, J .  A m e r .  C h e m ,. S o c . ,  88, 1654 (1966).

(9) J . A. Osborn, F . H . Jardine, J . F. Young, and G. W ilkinson, J .  C h e m .  (12) T . A. Stephenson and G. W ilkinson, J .  I n o r g .  N u d .  C h e m . ,  28, 945
S o c . ,  A ,  1711 (1966). (1966).

(10) J . Blum, J . Y. Becker, H. Rosenman, and E. D , Bergmann, i b i d . ,  (13) L. M alatesta  and C. Cariello, J .  C h e m .  S o c . ,  2323 1958).
B ,  1000 (1969). (14) W. Davies and J. H. Dick, J .  A m e r .  C h e m .  S o c . ,  63, 2104 (1931).
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phosphine, and 20 ml of benzene was refluxed under nitrogen for sulfonyl chloride, 300 mg of 3, and 20 ml of toluene was refluxed
7 hr. The precipitate was filtered and successively washed with for 6 hr. (Alternatively, 20 ml of benzene was used and the
hot ethanol and hot acetone to yield the pale yellow complex: mixture was refluxed for 11 hr.) The solution was diluted with
mp 290° dec, fNujoi k)70 and 1230 (SO) and 2080 cm -1 (CO). hexane and the precipitate formed was refluxed with benzene
The compound could not be freed from traces of impurities hav- for 5 min. The insoluble pale green crystals were sulfur-free
ing bands at 1040 ,1170 ,1190 , and 2020 cm -1 . and did not melt below 300°.

Dichlorocarbonyl-p-tolylsulfinato(triphenylphosphine)iridium- Chlorocarbonyl-/3-naphthylsulfinato (triphenylphosphine )irid-
(III) (8 , Ar = p-CH3C6H4).— A solution of 600 mg of p-toluene- ium(II) (12, Ar =  0-CloH7).— A mixture of 182 mg of /3-naphtha-
sulfonyl chloride and 310 mg of 3 in 20 ml of benzene was re- lenesulfonyl chloride, 300 mg of 3, and 20 ml of benzene was re
fluxed for 7 hr, and the light tan crystals which separated were fluxed for 11 hr under nitrogen. The precipitate was refluxed
filtered off and washed with cold acetone to yield a cream-colored with benzene for 5 min. The greenish, insoluble crystals ob-
complex that darkened at 220° and melted with decomposition tained did not melt below 300°: is'ui"1 1075, 1270, and 1280
at 259-260°, rN»jo11070 and 1268 (SO) and 2095 cm -1 (CO). (SO) and 2050 cm -1 (CO). In the esr spectrum of the solid

Reactions of p-Chlorobenzenesulfonyl Chloride and 3 in sample a strong signal at g =  2.03 was observed.
Benzene. A.— A stirred solution of 500 mg of p-chlorobenzene- Chlorocarbonylfluoro-|3-naphthylsulfinatobis(triphenylphos-
sulfonyl chloride and 400 mg of 3 in 40 ml of benzene was re- phine)iridium(III) (16) was obtained when 600 mg of (3-naph-
fluxed under nitrogen for 90 min. From the clear solution, a few thalenesulfonyl fluoride, 300 mg of 3, and 20 ml of benzene were
crystals separated. They were filtered off and washed with hot refluxed under nitrogen for 10 hr. The insoluble material was
acetone and proved to be dichlorocarbonyl-p-chlorophenylsulfina- freed from some dichlorocarbonyl-/3-naphthylsulfinatobis(tri-
tobis(triphenylphosphine)iridium(III) (7, Ar =  p-ClCf,H( ): mp phenylphosphine)iridium(III) (7, Ar =  (¡-CioHj) by heating with
205° dec; j;Nujoi 1062, 1220, and 1238 (SO) and 2080 cm -1 a mixture of benzene and acetone in which the latter is insoluble.
(CO). The filtrate was treated with light petroleum ether (bp This dichloro complex, mp 210°, was identical with a sample ob-
4 0-60°) and the voluminous precipitate was filtered and re- tained by a procedure similar to that described for 7, Ar =  p- 
crystallized several times from a mixture of benzene and cyclo- CEhCeih. The insoluble fluoro compound melted at 204°. 
hexane, yielding light tan crystals of chlorocarbonyl-p-chloro- Dichloro-p-tolylsulfinato(triphenylphosphine)rhodiuni(III) (17,
phenylsulfmato(triphenylphosphine)iridium(II) (12, Ar — p- Ar =  p-CH3C8H 4).— A mixture of 170 mg of p-toluenesulfonyl
C1C6H 4), mp 200°. In the esr measurement of the solid sample chloride, 300 mg of chlorocarbonylbis (triphenylphosphine )rho-
a very strong signal at g =  2.03 was observed. dium(I) (2 ), and 20 ml of benzene was refluxed under nitrogen for

B .—On refluxing a mixture of 600 mg of p-chlorobenzenesul- 3 hr. The orange precipitate did not dissolve in benzene and
fonyl chloride, 300 mg of 3 and 1.1 g of triphenylphosphine in 20 had no carbonyl bands in the infrared spectrum, mp 280-285°. 
ml of benzene, a precipitate was formed, which was filtered off The soluble fraction proved to be a mixture of carbonyl-con-
and treated with hot acetone. The pale yellow, insoluble taining rhodium compounds.
dichlorocarbonyl-p-chlorophenylbis(triphenylphosphine)iridium- Dichloro-S-naphthylsulfinato( triphenylphosphine )rhodium-
(III) (11, Ar =  p-ClC6H4) thus obtained decomposed at 285°. (Ill) (17, Ar =  (3-CioHi) was obtained by the same procedure as

Reaction of p-Chlorobenzenesulfonyl Chloride and 3 in Mesit- an orange-brown solid, mp 218° dec. 
ylene.— p-Chlorobenzenesulfonyl chloride (900 mg) and 300 mg . s , ,
of 3 were heated in 20 ml of mesitylene at 80° for 90 min. Then Registry TiO. 1, 14094-95-2, 2, 13938-94-8, 3,
the temperature was gradually raised to 160°. A solid sep- 14871-41-1; 4, 15529-49-4; 5, 14221-02-4; 6, 7647-
arated, and the mixture was refluxed for an additional 3 hr. The 10-1' 7 A r = p-CH-jCeHi, 15629-10-4; 7, A r = p-
precipitate was treated with boiling toluene. The least soluble C lC e W  15712-63-7; 7, A r =  /S-C10H7, 23916-65-6; 
colorless fraction proved to be dichlorocarbonyl-p-chlorophenyl- n  , Q * __ ^ n i p  tt
sulfmato(triphenylphosphme)iridium(III) (8, Ar =  p-ClC6H4). °> N v  — pAy.ri3C 6.tl4, 2 3 9 1 0 - 0 0 - / ,  o , A l — p-ClCe.n.4,
I t  turns deep yellow at 246° and decomposes at 250°: i Nu,°I 23916-67-8; 9, A r =  p-CHsCgH.), 24012-12-2; 9, Ar =
1073,1235, and 1263 (SO) and 2090 cm - 1 (CO). p-C lC 6H4, 24012-13-3; 10, A r = /3-C i0H7, 23957-31-5;

The fraction soluble in toluene was treated with petroleum ether j l  Ar _ p-ClCeH) 23957-32-6' 12 Ar = p-CICeHi,
(bp 4 0 -6 0 °) and recrystallized from benzene and cyclohexane u  A r  ’= ^.C10H7, 23916-69-0; 13, A r =
giving the correct analysis for 14, mp 280-285 dec. Ih e solid ' . . .  ,  „ . _ ^  rT n ,Aln - r  r
sample gave a signal at g =  2.03 in the esr spectrum. p-ClCjHj, 24012-14-4; 13, A r — /3-C ioH 7, 24012-15-5,

Dichlorocarbonyl-/3-naphthylsulfinato(triphenylphosphine)irid- 14, 23957-33-7; 15, 23916-70-3; 16, 23916-71-4; 17,
ium (III)-C6H6 (15).—A mixture of 600 mg of (¡-naphthalene- Ar =  p-CHsCsH,, 24073-54-9; 17, A r =  /3-C10H7,
sulfonyl chloride, 300 mg of 3, and 15 ml of benzene was refluxed 24035-14-1; 6-chrysenesulfonyl fluoride, 23924-10-9 ;
with stirring. The mixture soon became homogeneous, and , , r ,  . , no „„ „ , , __, __
the,: a heavy precipitate was formed. After 5.5 hr the solid benzenesulfonyl chloride, 98-09-9; p-chlorobeuzene-
was filtered and washed with acetone to yield pale yellow crystals sulfonyl chloride, 98-60-2.
of 15: ¿/Nujoi 1085 and 1265 (SO) and 2095 (CO) cm-1. . , , , . w  u  i

Dichlorocarbonyl-AnaPhthyl(triphenylphosphine)iridium(III) Acknowledgment.- W e  wish to thank Professor
(io, Ar =  /3-C10H7).— A solution of 182 mg of /3-naphthalene- jErnst D. Bergmann for his advice in these studies.
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C atalytic Hydrogenation. V.1 The Reaction of Sodium Borohydride with Aqueous 
Nickel Salts. P -1 Nickel Boride, a Convenient, Highly Active Nickel

Hydrogenation C atalyst

C h a r l e s  A l l a n  B r o w n 2’3
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The reaction of sodium borohydride with aqueous solutions of nickel salts immediately produces a finely divided 
black precipitate. This material (P-1 nickel) is a highly active catalyst for atmospheric pressure hydrogena
tions, more active than Raney nickel. The hydrogenations of a variety of alkenes have been examined and all 
but the most hindered double bonds were reduced successfully. Certain dienes were reduced cleanly to single 
olefinic products. P-1 nickel has marked advantages over Raney nickel: it is not pyrophoric; it is readily pre
pared in  s i t u ;  it is highly reproducible.

During World War II Brown, Schlesinger, and of sodium borohydride solution. After the excess
eoworkers4 found that sodium borohydride reacted borohydride has hydrolyzed, the water is decanted and
with certain first-row transition-metal salts to yield the fine black granules are washed twice with absolute
finely divided black precipitates, thought to be borides. ethanol. We found that the presence of sodium
The cobalt precipitate proved to have considerable acetate, sodium borate, ammonia, or sodium hydroxide
activity as a catalyst for the hydrolysis of borohydride. during reduction had little effect on the activity of the
In fact, the NaBH 4-cobalt system was investigated for catalyst for the hydrogenation of 1-octene. After
the field generation of hydrogen.5-7 Wartime pressure reduction, two ethanol washings alone were sufficient,
prevented further investigation of these black pre- Washing of the catalyst with water, dilute acetic acid,
cipitates. However, in 1951 Paul and coworkers dilute sodium hydroxide, or more ethanol had little or
reported that the product of the reaction of nickel(II) no effect on the activity.
salts with sodium borohydride was useful for catalytic Four nickel(II) salts were examined: nitrate, chlo- 
hydrogenation. A ctivity was roughly equal to Raney ride, sulfate, and acetate. Nickel nitrate gave a 
nickel.8’9 precipitate which was too fine to be washed by decanf-

We found that the reduction medium played an ing. Catalyst activity was slightly less for the chloride
important role in the type of catalyst formed. I0' u For and sulfate than for the acetate, as shown by the times
example, in aqueous media a granular black material is required for half-hydrogenation of cyclohexene: chlo-
formed from sodium borohydride and nickel(II) ride, 22 min; sulfate, 18 min; acetate, 16 min. The
acetate. This material is at least as active as Raney acetate, NifTkHaOs) -4H20, was chosen as standard,
nickel for double-bond hydrogenations.10 However, in (In these studies 40 mmol of substrate and 5.0 mmol of
ethanol a nearly colloidal black suspension is produced catalyst was standard.)
which is much more sensitive to double-bond struc- Reproducibility was explored with the hydrogenation 
ture. 1 These materials, designated P-1 Ni and P-2 of 1-octene. In ten hydrogenations the time required
Ni, respectively,13 are nonmagnetic and nonpyrophoric, for half-hydrogenation was between 6.0 and 7.0 min.
unlike Raney nickel. Furthermore, they are easily During the course of the entire study, an occasional
reproducible and so readily prepared that detailed check run would require a maximum of 7.5 min for
study of their characteristics as hydrogenation catalysts half-hydrogenation.
seemed warranted. A  comparison of the relative activity of the P-1

Therefore, as part of a systematic study of the uses of catalyst and W-2 Raney nickel14 was made. The
borohydnde-reduced metal powders, we undertook a following results demonstrate the greater activity of P-1
survey of hydrogenations using these nickel catalysts. nickel (olefin, relative time for half-hydrogenation of
This paper reports the results with P-1 Ni. A  com- 40.0 mmol over P-1 nickel and W-2 Raney nickel):
parable study with P-2 Ni is in progress. safrole, 1.0, 1.0; 1-octene, 1.0, 1.3; cyclopentene, 1.3,

2.0; cyclohexene, 2.5, 3.5; cyclooctene, 2.0, 5.3. These 
Results results are shown in detail in Table I.

The catalyst is prepared by treating an aqueous Thep a c t io n  plots for 1-octene show a noticeable,
solution of nickel(II) salt with a threefold molar excess +j*aip ^ec£eas®m rate toward the end. G.pc analysis at

the rate break shows that only 2-octenes are present.
7 7 IV:, ac -A' BJown;Anal Chem- 39’ 1882 fl967)- Evidently the double bond isomerizes during hydrogena-(2 ) N ational Science Foundation Postdoctoral Fellow, 1968-1969. ^  & i r, 7(3) In stitu te  of Organic Chem istry, Syntex Research, 3401 Hillview Ave. t i o n ,  a l t e r  t h e  r e m a i n i n g  1 -O C te n e  IS C o n s u m e d ,  2 -O C te n e S  

Palo Alto, Calif. 94304.
h 7 J ! ; C ' 2 7  7 hl,eSinge7 ^ A- 2  F inh0 lt' J - R - G ilbreath ' H - R - d «  (a) C. A. Brown, C h e m . C o m m u n . ,  952 (19<M»; (b> C. A. Brown,Hoekstra, and B, K .  Hyde, J .  A m e r .  C h e m .  S o c . ,  76, 215 ( 1 9 5 3 ) .  research in  progress.

* R - C '7 ° '™ ’ Pe; 80nalcom “ unicia tio n ' (13) T he designations are derived from P urdue U niversity, where th is(6) l o r  a  detailed discussion of such a  gas generator, see A. Levy, J . B. work was initiated.
Brown and C J. Lyons, I n d  E r g .  C h e m . ,  62, 211 (1960). (14) A standard  commercial sample of preform ed Raney nickel was ob-

i 7 L ater s t” dles have shown ‘ha t several platinum  m etals react with tained from the  R aney C atalyst Co., Inc., C hattanooga, Tenn. This
sodium borohydride to produce even more active catalysts for the  hydrolysis: catalyst is essentially the  W-2 preparation  and is th a t  commonly stocked in

a  ° 7 1  7  &C" M | 1493 (1962)' m any laboratories; thus it  appeared representative. Although m any
o 7  7 7  7  ®mSSOn’ and dosePh’ «««*- 232, 627 (1951). preparations of R aney nickel have been reported, m ost procedures y i e l d

n m  ri a7  B — Joseph’i7ld- E n ° -  Chem■’ 10°6 C19S2). catalysts which differ little  in activ ity  in the  hydrogenation of limonene:
7  7  7  B row nand  G- Bro'vn, J .  A m e r .  C h e m . Son., 86, 1003 (1963). H . A. Smith, W. C. Bedoit, J r., and J. R. Fusek, J .  A m e r .  C h e m .  S a c . ,  71,u C  C. Brown and C. A. Brown, i b i d . ,  86, 1004 (1963). 3769 (1948).
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T able I — i— i— i— i— i— i— i— i— i— i— i— i— i— i— i—
Hydrogenation of R epresentative Olefins over R aney 1^0 -

Nickel and P-1 Nickel“ __________ _____ ______
.—Raney nickel4- ^  -----P-1 nickel4— . q q  .  ____
In itia l“ <ao% In itia l“ is t % , d  ^  f

Olefin ra te  m in ra te  m in /
Safrole 75 6  69 6  g0  . J
1-Octene 59 8  72 6  I
Cyclopentene 36 12 56 8  /
Cyclohexene 23 2 1  31 16 70 - I  s '
Cyclooctene 17 32 42 1 2  /  / A ,

“ Hydrogenation of 40.0 mmol of substrate over 5 mmol of .2 .  /  /
catalyst in ethanol at 25° (1 atm). 4 P-1 nickel based upon | ’ /  /
amount of nickel acetate used in preparation. Raney nickel ¿5 /
based on volume of settled catalyst, which weighed ea. 0.3 g ^  5 9  I  /
when dry. “ Average rate from 0 to 20% reaction, in cubic centi- ® /  /
meters of H2 at STP per minute. Total hydrogen uptake £ !  /
(STP) = 896 cm3. d Time for uptake of 20.0 mmol of hydrogen. ^  40 - /  /

are hydrogenated at a slower rate.15 The rate break 30 _ /
occurs at an earlier point in the hydrogenation with j  /
Raney nickel, indicating more isomerization. /  /

Isomerization during hydrogenation over the two 20 " /  /  I ___-
catalysts was compared in the hydrogenations of /  / V ' _------------""
1-pentene. A t 50% hydrogenation of 1-pentene, 10 - / /  ----  s^y'
Raney nickel produced 3%  cis- and 20% trans-2- /  -----_________________ X _
pentene, a total of 23% isomerization. P-1 nickel n {' —  -— ;— ;— “ j j j j  ̂ _
produced 2%  cis- and 5%  ¿rans-2-pentene, a total of n . R .„  , n
7% . The detailed comparison is shown in Table II. 1 rr. . “ ‘ '"aTime, mm.

T able I I  Figure 1.—Effect of substitution on rate of hydrogenation over
T tt P-1 nickel. Hydrogenation of 40.0 mmol of substrate over 5 . 0I somerization during Hydrogenation over mmol of cataly^  at %o (1 atm)

Nickel Catalysts“

' Product, —- - larger value for 3 -m eth y l-l-b u te n e  is p ro bab ly  an
% Reaction n-Pentane 1-Pentene Pentene cis-2-Pentene a rtifa c t of its  low boiling p o in t (20°) and high Vapor

A. Raney nickel W-2 pressure; a t  25°, th e  reaction  tem peratu re, th e  h y-
0  0 0  4 0  0  0 0  Q 0  drogen p artia l pressure in  th e  reacto r is undoubtedly

2 5  9  2  24 8  4  0  1 6  s ignificantly  below  atm ospheric. T h e  first two com -
5 0  2 0 . 4  1 0 . 4  8  0  1 2  pounds exh ib it a  ra te  break  around 8 5 %  reactio n ; th e
75 30.4 0 .0  7 . 2  2 . 4  la st had a linear ra te  (isom erization by a  sim ple sh ift of

a hydrogen atom is not possible).
B. P- 1  nickel Effect of Increased Substitution. — Successively re-

0 0 .0  40.0  0 .0  0 .0  placing the vinyl hydrogens with alkyl groups causes an
2q ® 2®'® ^  appreciable decrease in reaction rate, as shown by the
yg 30 6 4 4 3'g i y following relative half-hydrogenation times: 1-pen-

aTJ , i- c Ann , ' . . tene, 1.0; 2-methyl-l-butene, 1.6; 2-methyl-2-butene,“ Hydrogenation of 40.0 mmol of 1-pentene over 5.0 mmol of , c, 0  0  ,• 
nickel catalyst at 25° (1 atm). b By glpc. c Normalized. Ab- . ’ . 2,3-dimethyl-2-butene, cd. 45. iSote that the 
solute yields 90-100%. big j ump occurs between di- and trisubstitution. How

ever, it is still significant that even the hindered tetra- 
Next, the effect of olefin structure upon hydrogena- substituted olefin was still reduced under very mild

tion over P-1 nickel was systematically investigated. conditions (25°, 1 atm). Figure 1 effectively demon-
Effect of Chain Length.— Four olefins from C 5 to strates this effect of substitution.

C 12 were hydrogenated to determine what effect moder- Effect of Ring Size.— Cyclic olefins were readily re
ate changes in length might have. A ll were reduced duced, with the order of reactivity being C 5 > C8 > C 6.
smoothly, and the relative times for half-hydrogena- The relative times for half-hydrogenation follow:
tion follow: 1-pentene, 1.2; 1-hexene, 1.0; 1-octene, cyclopentene, 1.0; cyclooctene, 1.5; cyclohexene, 2.0
1.0; 1-dodecene, 1.2. In all cases breaks in rate owing (1-octene, for comparison, is 0.8). The reactions slowed
to isomerization of the olefin {vide supra) occurred in slightly toward the end. It is interesting to note that
the vicinity of 90% hydrogenation. cyclohexene is the most reactive of these olefins over

Effect of Chain Branching.— Successive substitu- borohydride-reduced platinum metal catalysts.16 Fig-
tions of methyl groups for the hydrogens a to the double ure 2 reveals the effect of ring size on the rates of
bond produced very little change in the relative times hydrogenation of cyclopentene, cyclohexene, and 1-oc-
for half-hydrogenation: 1-pentene, 1.0; 3-methyl- tene over the two catalysts.
1-butene, 1.25; 3,3-dimethyl-l-butene, 1.05. The Phenyl Substituents.— Phenyl-substituted olefins are

hydrogenated at least as readily as their aliphatic 
“ . l ™  'Ztcounterparts. For example, «-methylstyrene required 

kedron,Suppi.s,Parti, 1 2 9  (1966). only 70% as long as 2-methyl-l-butene for half-hy-
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100 - ^ ---------  * Hydrogenation op R epresentative Olefins over

/  /  the P - 1  Nickel Catalyst“
qn I  /  s '  -  Initial rate,1

 ̂ f  I  cm8 of H2 at iso% ,c
/  /  /  \ Compd STP/min min

gQ .  /  /  [I 1 .  1-Pentene 56 8

/  /  '— '  1-Hexene 71 6 .5
/ /  1-Octene 72 6

70 -  I  /  y '  -  1-Dodecene 54 8

a I  /  y S  3-Methyl-l-butene 45 10
.9 J  /  y S  _ 3,3-Dimethyl-l-butene 56 8 .5
§ J  /  2 -Methyl-l-butene 36 13
¡3 I  /  y ' 2-Methyl-2-butene 7 130
-g 5 0  -  j  /  S '  -  2,3-Dimethyl-2-butene 2 ~ 360
§ I  /  S  Cyclopentene 56 8

j® j  /  /  Cyclohexene 31 16
40 " I  /  /  “ Cyclooctene 43 12

/ /  /  Safrole'1 72 6

gQ .  I  /  /  .  Styrene1' 63 7 .5
/ / /  a-Methylstyrene1' 49 9 .5

j  f  /  Allylbenzene"' 69 6 .5
20 - I / /  " Norbornene 80 6 .0

I / /  “ Hydrogenation of 40.0 mmol of substrate over 5.0 mmol of
I / /  P-1 nickel in ethanol at 25° (1 atm). 6 Average rate from 0 to

* " Iff ~ 20% reaction. Total reaction is 896 cm3 at 8 TP. c Time for
J  adsorption of 20 mmol of hydrogen. <* Reduction of side chain

0  l u __1___1___ 1__1 1 1 1 1___ 1__I___ 1__ I___!__ 1—  only-
0 4 8  12 16 20 24 28

Time, min. 1

Figure 2.—Effect of ring size on rate of hydrogenation over I| J
P-1 nickel. Hydrogenation of 40.0 mmol of substrate over 5.0
mmol of catalyst at 25° (1 atm). I jj

cases. Thus 2-methyl-1-hexene was obtained 93%  
drogenation, while safrole took even less time than 1- Pure> anc  ̂ 4-ethylcyclohexene 98%  pure. Thus this 
octene. The relative half-hydrogenation times follow: catalyst does seem to have promise in this area,
safrole, 1.0; allyl benzene, 1.1; styrene, 1.2; «-methyl
styrene, 1.6 (1-octene, 1.1). Discussion

Aromatic Nucleus - I n  the cases above no evidence p .j  nickel is a useful catal t for a variet of
was found for reduction of the aromatic ring. In a carbon_carbon double bond hydrogenations. Even
separate experiment, benzene failed to reduce at all under the ve mild reaction cond it fons employed in
in 2 hr at atmospheric pressure and 25° However this studyj only the hindered tri- and tetrasubstituted
pyrocatecho1 is readi y reduced to cyclohexanediol double bonds were sluggish. Increased hindrance «  to
°  Tb 1 m an au oc ave. the double bond does not seem to have much effect.
^ t i n n T r  1  mu / ? n o  One point of some interest is the inhibition of 1-octene

K P 1 1  b ■ H US ? e a i  T  0f f ° (  hydrogenation by benzene„even though benzene is not 
“ I S  °  n hydr°genatl° n, i0A °  mm°l of reduced noticeably under the typical reaction condi-

time^o ^ o T n o I Z  Z  n r aSe 1ui1 ; E  0gei 10n tions- This suSSe8ts that the som atic ring may
Effect o? Rond qt Bin 7 7 "  benzene) physically adsorb onto the catalyst surface (interfering

nr f  ,°f Bond S tram -R eduction  of norbornene with olefin chemisorption) without actual y bondir|
¿ r ^ b ^ T  r  I (chemisorbing) to the active metal sites. As noted

hydrogenation was about+90%  of that for 1-octene, however the use 0f more vigorous conditions (high

0ar cyclopentene t t  elevf d temperadui  r r mit ? e redr

a n ^ an \ rt h ctr Fur t her wor kont hi s
S e i S 1 ?  f fbIL  * P -1 nickel is more active and produces less double-

alvst to se/ecfiw  ghvrJrn ’ f  PP 1Catl0nS ° f tblS 7 "  bond m o t i o n  than standard Raney nickel. Further-
f  J  d lb f hydrogenations were generally be- more] 1M  nickel is not pyrophoric>  It is also much
flnr 7  T  ° fi hlS,study' they under mvestiga- more readily prepared than Raney nickel. The
tions c a i i Z Z  r e n o r t e d ^ ’ 2  m o t h Z Z Z h  h^drogei!a'  preparation of enough of the latter for a small-scale

(u)m< aS " 6“  1 h>"dT nation rr z  , r e t h a n ;  h,r- p- ‘
equiv of hydrogen, glpc analysis showed That the vinyl ^  bC prepared m 10-15 mm merely by mixmg two 
group had been almost completely reduced in both

(17) (a) In contrast, a literature preparation17b of W-2 Raney nickel 
p _ ...  . warns that “the product (catalyst] is highly pyrophoric and must be kept

(16) U. Zweifel, University of California, Davis, personal communica- under a liquid at all times;” (b) R. Mozingo, “Organic Syntheses,” Coll. 
10n' Vol, III, John Wiley & Sohs, Inc., New York, N. Y., 1955, p 181.
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reagents in the reactor.18 Very possibly because P-1 Experimental Section
nickel is always freshly prepared we have realized Apparatus. _ The all.glas8 automatic borohydride hydrogena- 
consistently high reproducibility and reliability over a tor desCribed in earlier studies1-31 was employed throughout.32 
period of years and in several laboratories. This device greatly facilitates the preparation and use of P-1

Extra activation of P-1 nickel-type catalysts have nickel catalysts, 
been reported by conducting the reduction of nickel T Reagents . - T h e  following nickel salts were obtained from 

ii • f c m  u • , , ,  J .  T . Baker Co. (Baker A .R . grade): N i (C2H30 2)2-4H20 ;
salts in the presence of 2%  chromium, molybdenum, NlCiv 6 H20 ;  N i(N 03)3-6H20 ;  N iS04-6H20 .
tungsten, or vanadium salts.9,19 Mears and Boudart20 Sodium borohydride, 98% , was produced and supplied by 
have shown that this increase in activity (as measured Ventron Corp. A stabilized solution for catalyst preparation
for dehydrogenation of isopropyl alcohol to acetone) is *s prepared by dissolving 1.0 g of sodium hydroxide and 9.45 g

directly proportional to increases in catalyst surface £ nsodiu3m °f watT f TmS to,  * , ■ , , ,  „ J  . . .  . „ 250 cm3 and filtered. I t  is best prepared freshly the day re
area (presumably owing to the presence of a foreign quired.
material during catalyst precipitation). The organic substrates were usually used directly from freshly

In addition to high reproducibility, P-1 nickel is very opened bottles. If colored or if their refractive index varied
resistant to poisoning in successive hydrogenations significantly from literature values, they were distilled from so-

,i __ , . , .  . i . . ,  , i  dium borohydride. Substrates and their sources are listed in
using the same batch of catalyst, considerably more so Table IV
than Raney nickel.9

The nature of the catalyst itself remains unknown. Table IV
The presence of boron has been shown by chemical aTT„ „mr,
analyses,4,8’9,21 atomic absorption spectroscopy,21 and Compd Source
electron-microprobe X-ray analysis (strong K a line for i_ppnt ° Phillim-
boron).21 The material was originally4,8,9 postulated 1-Hexene" Phillips
to be Ni2B, formed as shown in eq 1. This reaction 1-Octene P hillips

1- Dodecene HW l

2Ni(OAc)2 +  4N aBH 4 +  9H20  — >- 3-Methyl-l-butene ™ 1HPS
3,3-Dime thy 1- 1-butene A PIC

Ni2B -f  4Na(OAc)2 +  3B(O H )a +  12.5H2(g) (1) 2-Methyl-l-butene Phillips
2- Methyl-2-butene Phillips

• i i m m  . , . ,, . . .  , . , , 2,3-Dimethyl-2-butene Phillips
yields 78% of the hydrogen theoretically obtainable Cyclopentene Phillips
from 4NaBH4(-*-16.0 H2). In fact the yield of hydro- Cyclohexene Phillips
gen is 75-78% .22-24 Chemical analyses have in- Cyclooctene CSd
dicated as much as 7.7%  boron (8.5% calculated for Safrole Aldrich«
Ni2B).8,9 However, the boron content has been Styrene M C B '
reported to vary with the ratio of reactants used in «-Methylstyrene M CB
preparation.25 Allylbenzene Columbia»

Films produced by similar borohydride-nickel salt Benzene pkiflips
reactions in nonelectrolytic plating baths are reported ^ y my cycl° ®xen®. „  ! ip*.
, , , . . r - i ,  , , 2-Methy.-l,5-hexadiene Columbia
to be amorphous mixtures of nickel and boron con- _ ; , _
. . .  o . i m  c , ,  i ,1 . , ® Phillips Petroleum Co. (Pure Grade). b Humphrey-Wukens
taming 3-10%  of the latter. A t temperatures over Co .  A f r ic a n  Petroleum Institute project a t The Ohio State
400 , these films yield crystalline nickel borides.26,27 University. * Cities Service Petroleum Co. «Aldrich Chemical

In addition to hydrogenation and dehydrogenation,18 Co. !  Matheson Coleman and Bell. »Columbia Chemical 
P-1 nickel (or similarly prepared materials) has been Co
reported highly useful for deuterium exchange28 and
selective desulfurizations.29,30 Catalyst Preparation and Use.— Nickel acetate tetrahydrate

T h e  P -1  nickel c a ta ly s t  an d  sim ilar m ateria ls  should (1; 24 g. 5-0 ® "iol) was dissolved in 50 cm* of water in a 125-ml 
n j  • i r i  • • ,i ttt erlenmeyer flask (modified for high-speed magnetic stirring),
find considerable use m organic syntheses. W e are This was attached to the borohydride hydrogenator and 
cu rre n tly  stu d y in g  fu rth e r p rop erties  of th ese  h igh ly  flushed with nitrogen. W ith vigorous stirring 10.0 cm3 of 1.0 M
accessib le  an d  in te re stin g  m ate ria ls , b o th  fo r h y d ro g e n a - sodium borohydride solution in 0.1 M  sodium hydroxide (vide
tion  an d  o th e r  re a ctio n s. supra) was injected over 30-45 sec. When gas evolution ceased,

a further 5.0 cm3 of solution was added. After gas evolution
, x, . . , again subsided, stirring was discontinued and the flask was de-(18) (a) Because of the time consumed, the preparation of Raney nickel . , , f ,, v j  . rpi. .. . , , , , , , , . , , .  11U ta ch e d  fro m  th e  h y d ro g e n a to r . l h e  su p e rn a te  w as d e can te dis often earned out on a large scale, or the catalyst is purchased in l-lb con- „ ,,  , N , , , , ,

tamers.1* However, catalysts change on aging (generally for the worse).186 fro m  th e  c a ta ly s t  (fin e b la ck  g ran u  e s ) ,  6: Ca a  yB w as en
(b) R . L. Augustine, “ Catalytic Hydrogenation,” Marcel Dekker, In c., w ashed  tw ice  w ith  5 0  cm 3 of e th a n o l b y  Sw irling an d  d e ca n tin g .
New York, N. Y., 1967. T h e n  (5 0  — n )  c m 3 (n  =  v o lu m e o f s u b s tra te  to  b e  ad d ed ) of

(19) Similar activation has been reported for Raney nickel: R. Paul, ethanol was added, the flask was attached to the hydrogenator,
B u l l .  S o c . C h i m . F r . ,  208 (1946). and the system was purged with hydrogen. Stirring was re-

(20) D. E. Mears and M. Boudart, A m e r .  I n s t .  C h e m .  E n g .  J .,  12, 313 sumed and the reaction was initiated by injecting olefin.
(1.966). Agitation was provided by a small LaPine magnetic stirrer

Yamamoto’ and T- Kwan’ Chem■ Phmm' BulL and a 1.5-in. TFE-covered stirring bar fitted with an oversize(lOKyoj, 17, 128/ (i9oy)<
(22) C. A. Brown, unpublished observations. spin ring. . . , ,
(23) N. N. Mal’tseva, e t a l ,  Z h .  N e o r g .  K h i m . ,  1 1 ,720 (1966). Samples were withdrawn from reaction mixtures through an
(24) N. N. Mal’tseva, e t  a l „  D o k l .  A k a i .  N a u k  S S S R ,  160, 325 (1965). 8-mm port in the reactor closed with a serum stopper; using a
(25) K. N. Mochalov, e t  a l „  T r .  K a z a n s k .  K h i m .  T e c h n o l .  I n s t . ,  33, 95 syringe and stainless steel needle, 0.1-cm 3 samples were pulled

(1964); C h e m .  A b s t r . ,  64, l8930p (1966). at appropriate points. Blank runs showed that there was no
(26) K. Lang, E l e c t r o p la t i n g  M e t a l  F i n i s h i n g ,  19, 86 (1966). __________
(27) H. Narcus, P l a t i n g ,  64, 380 (1967)
(28) G. E. Colfand and J. L. Garnett, J .  P h y s .  C h e m . ,  68, 3887 (1964). (31) C. A. Brown and H. C. Brown, J .  A m e r .  C h e m .  S o c . ,  84, 2829 (1962).
(29) W, E. Truce and F. E. Roberts, J .  O r g . C h e m . ,  28, 961 (1963). (32) A commercial model was obtained from Delmar Scientific Labora-
(30) W. E. Truce and F. M. Perry, i b i d  , SO, 1316 (1965). tones, Inc., Maywood, IU.
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detectable difference in reaction half-times in all-glass reactors octene, 111-66-0; cyclopentene, 142-29-0; cyclohexene, 
or when sampling was being conducted. 110-83-8; cyclooctene, 931-88-4.

Analyses.— Samples were analyzed by glpc and compared 
with known materials. The following liquid phases were used:
adiponitrile on firebrick (1-pentene) and tetracyanoethylated Acknowledgments.'— This study was assisted in part
pentaerythritol (TC EPA ) on Chromosorb P  (4-vinylcyclohexene, by a Research Award (585 C) from the American Chem-
2-methyl-l,5-hexadiene). jcal Society Petroleum Research Fund, a grant from

Registry N o.— Sodium borohydride, 16940-66-2; Parke, Davis and Co., and a fellowship from the
nickel(II) acetate, 373-02-4; safrole, 14871-41-1; 1- National Science Foundation.

Diastereomers of Quinic Acid. Chem ical and Nuclear M agnetic Resonance Studies
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( ± ) ,  ( —), and (-t-)-epi-Quinides (7-lactones of 34/15 and 45/13-tetrahydroxycyclohexanecarboxylic acids) 
have been prepared from their respective acetates. ( +  )-epi-Quinide triacetate separated by a spontaneous 
resolution in the crystallization of the optically impure ( ± )  compound, scyllo-Quinic acid [raeso-(4/135)-tetra- 
hydroxycyclohexanecarboxylic acid] was also prepared from its acetate and its structure and conformation were 
determined. The 3.0- and 6.5-Hz splittings of the H-4 proton resonance in the 100-MHz nmr spectrum of the 
epi-quinic anion can most reasonably be assigned to gauche and trans splittings of a deformed chair (9), indica
ting that the H-4 and either H-3 or H-5 are axial. The magnitude of the trans coupling is considerably lower 
than that observed for other isomers. Ir and nmr (both ordinary and decoupled) spectra of epi-quinide triace
tate verify a 7-lactone structure with the hydroxyls on C-4 and C-5 equatorial (11). Of particular interest in the 
nmr spectrum are the zero value of / 2(a),3(e), the 1.0-Hz value for A te),*«, and the 3.5-Hz long-range coupling be
tween the equatorial methylene protons. The 9.0-Hz triplet splitting in H-4 in the nmr spectrum of scyllo- 
quinic acid clearly indicates that the three hydroxyls are equatorial (13 or 14). The formation of 5-lactone 16 
on prolonged heating in acetic acid establishes that the carboxyl is cis to the 4-hydroxyl group and that scyllo- 
quinic acid has structure 14.

( — )-Quinic acid, intimately involved in the “ shikimic extrapolated kinetic data. Since epf-quinic acid is the
acid route” of the main pathway of aromatic biosyn- only isomer (pair) other than quinic acid which may be
thesis, is one of eight diastereoisomeric 1,3,4,5-tetra- optically active, the structural recognition of epi-
hydroxycyclohexanecarboxylic acids. Of the eight quinide triacetate was on a sound basis (although two
such acids, only two, ( — )-quinic acid (1) and its mirror of the meso acids can form optically active lactones), 
image (2), (+)-quinic acid, are known.Ia Gorin1 2 The nomenclature of the quinic acids is in a state of 
isomerized ( — )-quinic acid with acetic acid-sulfuric uncertainty. The “ Tentative Rules for Cyclitol No
acid mixtures and obtained, after acetylation, three menclature” proposes that the quinic acids be named
acetates. These were assigned the structure (-)-epi- according to cyclitol rules. In our opinion such an

action would be premature without radical changes 
PH being made to avoid grave errors. In this paper the

OH system currently in general use will be followed: the
2 2 carboxyl will be numbered 1 and will be drawn above

¿ jj ¿ 2 1  ¿ H the ring; the numbering will be clockwise as in the
2 2  Maquenne system.lb Thus ( — )-quinic acid is ( — )-

(3/145)-tetrahydroxycyclohexane -1  - carboxylic acid, 
quinide triacetate (3), ( ±)-epi-quinide triacetate, and and (+)-quinic acid is the (+)-(5/134) isomer. We
scyWo-quinic acid tetraacetate, derived from one of the realize that it is not immediately apparent that these
four meso acids. The structural assignments were two are enantiomers, but to give them the same
based on the positions of the acetoxy protons in their Maquenne fraction requires both clockwise and counter-
respective nmr spectra and a series of reactions of the clockwise numbering. This leads to a remarkable
carboxyl-reduced derivatives, quinicols. Gorin favored confusion in describing the reactions discussed in this
4 [meso-(35/14)-tetraacetoxycyclohexane-l-carboxylic paper and in relating the acids of aromatic biosynthesis
acid] over 5 [the (4/135) isomer] for the structure of from 5-dehydroquinic acid. The comparable confusion
scyllo-quinic acid tetraacetate, mainly on the basis of possible in the carbohydrates and inositols has been

_ sidestepped by using trivial names solely as a basis of
— 1 ~  | h  I [ c I I nomenclature. Hence the trivial names ( ± )-epi-

A r n ^ v V ^ w C  -|Pl— m  H° 2 — (\jAc quinic and scyllo-qmnic acids introduced by Gorin will
A X T ^ - w x - O A e  , AcCy j( Ac0/ be retained because of their convenience. The Se-

YJ\ AcOl AcO]— [GAc AcOj— \ quence Rule3'4 nomenclature, although awkward in use,
H H OAc is a definitive nomenclature: ( — )-quinic acid is

3 4 5 ( I F : 3 F : 4<S': 5F)-3/145-tetrahydroxycyclohexane-3-car-

(1) (a) T . Posternak, "T he  Cyclitols,” H olden-Day, Inc., San Francisco,
Calif., 1965, p 268 ff; (b) p 8 ff. (3) R . S. Cahn, J .  C h e m . E d u c . ,  41, 116 (1964).

(2) P. A. J . Gorin, C a n .  J .  C h e m . ,  41, 2417 (1963). (4) R. S. Cahn, C. K . Ingold, and V. Prelog, E x p e r i e n t i a , 12, 81 (1956).

1904 J .  O rg. C h em ., V ol. 3 5 , N o . 6 , 1 9 7 0  Corse and L und in



boxylic acid and ( — )-epf-quinic acid is probably ~  ~
(1R: 3 R: 4$: 5i2)-34/15-tetrahydroxycyclohexane-l -car- ”5®
boxylic acid (and not its mirror image). A

A  possible synthesis of epz-quinic acid would be by M
the reduction of 4-dehydroquinic acid (6). Haslam and AAA
Marriott5 recently reported this reduction to give A'51 H,
( — )-quinic acid and not epz-quinic acid under neutral A  1
conditions. It would be necessary to effect a con- f j / 1
formational change in the 4-dehydroquinic acid to have 1 I
any success with this approach, since carbonyl reduc- 1 1

tion usually produces an axial hydroxyl group. Such Ml |. i mi L j 1

a conformational change does not appear feasible at the J* qj

m  h  nw 1 1 5uo J
VU2H VH 8 (ppm)
I I  OH

\  Figure 1.—UOO-MHz nmr spectrum of ( — )-e?n-qumic acid anion
in 1 IV NaOD in D20  at. 31°.

OH^O 0 ^  1
OH

6 7 of quinic acid or scyllo-quimc acid, was completely
unexpected. Quinic acid forms acetone quinide on 

A  second possible synthesis of epf-quinic acid would be treatment with acetone and a mineral acid.7 Thermal
the cyanohydrin reaction with a derivative of (3/45)- lactonization of quinic acid is carried out by heating at
trihydroxycyclohexanone (7). (3/45) - Triacetoxycy- 230° for a short time (yield not given).8 Longer
clohexanone reacts to give only ( — )-quinic acid.6 We heating times cause racemization. 4-Dehydroquinic
have used this reaction and the cyanohydrin reaction acid is reported to form the lactone diacetate on treat-
with the 4,5-isopropylidene derivative of (7) to prepare ment with acetic anhydride.5 5-Dehydroquinic acid
14COOH-labeled quinic acid. aromatizes under these conditions to form 4,5-di-

Repetition of Gorin’s isomerization and acetylation acetylprotocaiechuic acid.6 Lactone(s) of scyllo-quinic
procedure led to a mixture of acetates which was acid have not been prepared prior to this work, and its
fractionally crystallized as described, and the same lactone acetates have not been isolated from the quinic
three products were isolated: ( — )-epf-quinide tri- acid isomerization process used here,
acetate, mp 216-220°, [«]26d — 120° (lit. mp 209-210°, The 100-MHz nmr spectrum of (— )-epi-quinic acid 
[ a ] 25D — 119°);2 (±)-e/w-quinide triacetate, mp 186- anion in 1 N NaOD referenced to DSS (sodium 2,2-di-
188° (lit. mp 182-183°); and scylZo-quinic acid tetra- methyl-2-silapentane-5-sulfonate) is shown in Figure 1.
acetate, mp 203-205° (lit. mp 198-200°). Spon- The spectrum is very similar to that of quinic acid in
taneous crystallization of (+)-epi-quinide triacetate D 20 .9 The protons on C-3, C-4, and C-5 give rise to
occurred during a fractionation of racemic epf-quinide the low-field multiplets at 8' 3.72 and 4.04, while the
triacetate with chloroform, and it was possible to four methylene protons are responsible for the complex
prepare it by seeding reasonable quantities of the (+ )  group of overlapping multiplets in the vicinity 8' 2.
enantiomer, [ a ] 27D + 120°, from the racemic form. The 5 3.72 doublet-split doublet can be unambiguously

Saponification of either ( — )- or ( ± )-epf-quinide assigned to H-4 because of the absence of a third
triacetate by sodium hydroxide and removal of the coupling. Its two splittings of 3.0 and 6.5 Hz can be
sodium ions with a cation-exchange resin gave the reasonably assigned to gauche and trans couplings,
corresponding e/n-quinide on evaporation in vacuo. respectively. Thus H-4 would be axial together with
When epf-quinide was saponified with sodium hydroxide either H-3 or H-5, indicating that epj-quinic acid has
and again freed of sodium ions by passage through a the conformation (a)-C02H (9) and not the (e)-C02H
cation-exchange resin column at 1°, the resulting solu- (10). Unfortunately, because of the low magnitude of
tion reacted smoothly with diphenyldiazomethane to
form the benzhydryl ester 8. If the solutions of free 9 °2H 9H

C6H5 II OH V - V v O H  H° 2Cn A < « Z h
> H - 0 - c J o h  O H f J  I H

C6H5 / i n  h  o h  o h

\|___1/1 9 10

OH the trans coupling there is some doubt about this
8 assignment. For example, in quinic acid9 and scyllo-

epi-quinic acid were lyophilized at 0.01 mm, with a <*uinic acid (^e infra), the 3-4 and/or 4-5 trans
final overnight drying at room temperature, a mixture C0̂ P m ŝ a/e ' .  z ' ,,. . , . TT „ , TT _
of lactone and acid was always formed. Pure epi- u T h f  overlapping multiplets for H-3 and H-5 cannot
quinide could be readily obtained by trituration of the be adequately resolved by first-order methods. The
semicrystalline solid with absolute alcohol. This ease (7 ) H . O. L. Fischer, Ber. Deut. Chem. Ges., 64, 775 (1921).
of lactonization of em-quinic acid, compared with that (8) J- WoUnskj-, R. Novak, and R. Vasileff, J. Org. Chem., 29, 3596

(1964).
(5) E. H aslam  and J. E . M arrio tt, J .  Chem. Soc,, 5755 (1965). (9) J . Corse, R . E . Lundin, E . Sondheimer, and A. C. Waiss, J r„  Phyto-
(6) R. Grewe and E. Vangermain, Chem. Ber., 98, 104 (1965). chemistry, 5, 767 (1966).
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5 0 0  t 4.00 | 3 0 0  2.00 T able II
1 T 1 Predicted Conformational Preferences of Isomeric

Quinic Acids from Energy Tables®
p  Hydroxyl group ------Conform ation6------*
^ Acid configurations (e)-C02H (a)-C02H

H, H, h3 h8, h„  h6„ H2a (±)-Q uinic 3 /1 4 5 , 5 /134  1 .7 4 *  3 .0 9
1 1 1  1 1 ' T (it)-epj-Qumic 3 4 /15 , 45 /13  2 .6 1  2 .2 2 *

, sej/Mo-Quinic (14) meso-(4/135) 3 .4 8  1 .3 5 *
II L. Unknown meso (13) meso-(35/14) 0 .8 7 *  3 .9 6

i l l  II I lilii! |,|J|I| | | Unknown meso meso-(345/l) 1 .7 4 *  3 .0 9
maUV* Unknown meso m eso-(0/1345) 2 .6 1  2 .2 2 *

4-Dehydroquinic 1.74° 2 .2 2
A 5-Dehydroquinic 0 .8 7 * c 2 .0 9

“ Values in kcal/mol ( — AG0) from D. L. Robinson and D. W.
H Ĥ H H Jr*  Theobald, Quart. Rev. (London), 21, 314 (1967). 6 Preferred
Is A -5 l“  l“  I6“ conformation is asterisked; values for hydroxyl groups are those

A  I in hydroxylic solvents. c See text.

il J .  shows a strong absorption at 1788 cm-1, while our
___ l u  v ___ j  iih________u triacetate shows one at 1790 cm - 1  in close agreement

-1---------------1---------------1---------------J—— 2 0 0 --- 1--------  with Gorin’s value. The lactone absorptions match
8 (ppm) bands in the quinic acid series [(-)-quin id e, 1796 cm“ 1;

„. „ , s 1AA, „ T , r , , . . . ,  . (-)-q u in id e triacetate, 1800 cm “ 1] and leave no doubtFigure 2.—/a )  100-MHz nmr spectrum of ( — )-epi-quimde in JTJ.
D20 at 60°; (b) 100-MHz nmr spectrum of ( — )-epf-quinide OI the y-Iactone structure 11 (K — il) .
triacetate in benzene-d6 at 7 5 °. The 100-MHz nmr spectrum of (±)-ep/-quinide in

D 20  (referenced to DSS) is shown in Figure 2 a. The
present data are insufficient for a computer analysis resonances of the protons on carbons 3, 4, and 5 fall
that would provide accurate values for the couplings of between S' 3.5 and 4.5, while the methylene protons on
the four methylene protons with H-3 and H-5. Hence carbons 2  and 6  give rise to the bands at S' 1.7-2.7.
the splitting scheme in Figure 1 should be taken with The singlet at S' 4.50 is due to residual HDO. Because
some reservation. However, these values are at least it was impossible to analyze the overlapping multiplets
partially confirmed by a first-order analysis of the 220- from two of the protons in the vicinity of S' 3.7 (these
MHz spectrum of the anion. A value of 8  Hz for were subsequently assigned to H-4 and H-5 as shown on
J 2(a), 3(e) is entirely too high for a gauche coupling. The the basis of the triacetate assignment), the triacetate
alternate conformation, (e)-CO;H, provides a more of epf-quinide 11 (R  = Ac) was run in both chloroform-d
reasonable fit, as shown in Table I, but it must be and benzene-cA Its  spectrum in the latter solvent is

shown in Figure 2 b. The differential shifts of the
Table j carbinol and axial methylene protons in this solvent

Spin-Spin Coupling Constants of epi-Qumic make Possible a straightforward analysis of the entire
Acid in 1 V NaOD° spectrum. The multiplet assignments are shown on the

Interaction Coupling constant, figure, and the apparent coupling constants based on a
j 2(e) 3(a) ^ , 5  first-order analysis of the splitting patterns are given in
J m )tW  ~ 8  Table I I I .  I t  is obvious that the triacetate must have
«7 8(a),4(e) 3 .0
«74(e),5(e) 6 .5  T able III
^5M'6<e) ~ 4 Coupling Constants'* for Some Substituted Quinides
J l  (e).t(ai  ̂  ̂ 6  ( — )-ept-Quinide (±)-ejri-Q uinide ( —)-Quinide

0 Based on conformation 10 with (e)-C02H. Coupling ✓--------triace tate-------- * tribenzoate tribenzoate
constant CDCU CeDe CeDe CaDe

emphasized that a first-order analysis is not fully '{2<e:"6(e) A*-® 2 '°
justified. The coupling constants observed could result j * <e; J <a> 12  0 1 1  9 1 1  9 f 12
from a deformed or interconverting chair conformation. 7 0  6 ' 8 6 8  5 2

The low AG° of these conformations (cf. Table I I)  is 3(a) 0 . 0  0 . 0  0 . 0  ~ 0

indicative of the latter possibility. j 3(e’ 4 4 .7 - 5 . 2

The structures of epf-quinide and its triacetate could ,/3(e;>1(a) 1 . 0  1 . 2  1 . 2

reasonably be either y- or 5-lactones ( 1 1  or 1 2 ), respec- •74(e) .5(a) 4.7
tively. Gorin reported epf-quinide triacetate to have a 8 .5  8 .5  8 .5

J  5(a),6(e) 7 .0  7 .4  7 .4  8 .0
O Afa),6(a) 10.1 10 .8  10 .8  10 .4

0 = C  O || a In hertz.
]  I C -0

FO \  qjj A s— t J  the y-lactone structure 11 (R  =  Ac), in agreement with
'  \ the ir data. Spin decoupling was used to identify H-4

OF both in benzene-d6 and for the more complex spectrum
1 12 obtained in chloroform-d, since it is the only HOCH

carbonyl stretching frequency at 1795 cm“ 1, which {10) L j. Bellamy. ,.The Infrared Spectra of Complex MoiecuieS,” 
Clearly indicates a 7 -lactone. 10 ( ±  )-epi-Quinide itself John Wiley & Sons, Inc., New York, N. Y., 1959, p 178.
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proton not coupled to a methylene proton. Table III -----
also gives the coupling constants obtained from a similar
analysis of the spectra of the tribenzoates of epi-quinide l
and quinide, which was used as a model structure for
checking the assignment of couplings. Because the
multiplets from H-2 and H-6 overlap in the quinide J ’151
tribenzoate spectrum, the values of the couplings to A N
them are only approximate. Otherwise, the agreement f ini l  I
in the values of the corresponding constants is most h5,3) h„
satisfactory. A .

Three couplings deserve special comment: the I I I
essentially zero coupling of the 2-axial proton with the ...
3-equatorial, the small coupling of this proton (H-3(e)) to fll i
the 4-axial, and the long-range coupling between the 2- ' ll , '
and 6-equatorial protons. Dunkelblum and Klein11 U |l I r \ fl
recently reported that the couplings of the equatorial J K /•
proton on C-3 to vicinal axial protons were immeasur- TijiK---------1---------- 30b______1_______ 1_____
ably small in 1-3 lactone-bridged cyclohexanes. They gq p pm j
explain this result on the basis of a dihedral angle
(roughly 90°) for these two couplings in the bridged- Figure 3.— 100-MHz nmr spectrum of scyllo-qmmc acid anion in 
ring structure which approximates the zero coupling 1 lV Na0D 111 at 31 •
angle in the Karplus equation.12 The small coupling T able IV
observed in this study for J3re) ,4(a) may result from the
hydroxyl substituent on C-4. However, from the Spin-Spin Couplings in scylh-Qmmc Acid»
60-MHz spectra reproduced in the earlier study11 it is interaction coupiingconatant, hz

questionable whether a 1-Hz splitting would have been
resolved. The rather large long-range coupling between Q
the equatorial methylene protons is probably a con- A,A'A) 9 0
sequence of the distorted chair conformation of the ^ [ ^6
bridged y-lactone cyclohexane structure. j lM:e(a) ~8

The 100-MHz nmr spectrum of scyllo-quinic acid in “ In 1 V NaOD.
1 N NaOD (referenced to DSS) is shown in Figure 3.
Again, the proton resonances on carbons bearing hy- oxygen substituent apparently causes a gauche coupling
droxyl groups in the vicinity of S' 3.5 are shifted ca. 1.5 to be unexpectedly large (4.5 ± 1 Hz), whereas with an
ppm downfield from the methylene protons whose axial substituent the coupling falls within the usual
multiplets at ca. S’ 2.0 are so completely overlapped range (2.5-3.2 Hz). In an earlier paper9 this de-
that no analysis of these resonances was attempted. pendence of gauche coupling on oxygen conformation
The triplet centered at S' 3.28 can be immediately was applied to a discussion of quinic acid and some of its
assigned to H-4 because of the absence of any indica- derivatives.
tion of coupling to more than two protons. The 9.0-Hz Although nmr spectroscopy cannot distinguish be- 
splitting is consistent with either the meso-(35/14) tween the meso-(35/14) (13) and raeso-(4/135) (14)
structure in the (e)-C02H conformation 13, or the structures for scyllo-qmmc acid, the position of the
meso-(4/135) structure in the (a)-C02H conformation lactone carbonyl absorption band in the infrared

spectrum of the corresponding lactone should clearly 
?  delineate the structure, similar to epf-quinide (vide

supra). Structure (13) could be expected to form a 
H02C ^ / A \ h/  .OH racemic pair of y-lactone isomers (IS), and structure 14

> O H  oh] would form a meso 3-lactone (16). On prolonged
OH H H

13 14 0 = C -----------0  0 = C ---------- 0  V
I I I ^ 0H C -0

14, wherein H-3, H-4, and H-5 are all axial, and it is not H O ' ' \ ^ ' ^ ~  \  1 \
possible from the nmr spectrum to distinguish between H O '\ ~ hc/
the two possibilities. The complex multiplet centered | | (
at S' 3.68 cannot be satisfactorily analyzed by first- OH OH OH
order methods, and again the splittings shown on 15 16
Figure 3 must be viewed with reservation. Table IV  . . . .  . . „
lists the approximate couplings, which are completely heating of an acetic acid suspension o scyl o-qumic
compatible with the two possible structures. f cld’ solution was effected with lactonization. The

The large gauche couplings of the 2- and 6-equatorial lact° ne sk)Wed a stronf  ^frared absorption band at
protons to the 3- and 5-axial protons again confirm the ™  c1m~>1as f  expected of 16. This clearly indicates
finding of Williams and Bhacca12 that an equatorial tha  ̂ th« 4-hydroxy and the carboxy groups are m  to

each other. It then follows that sct/iio-quinic acid has 
(ii) e. Dunkelblum and j. Klein, Tetrahedron Lett., 55 (1968). configuration 14, meso-(4/135)-tetrahydroxycyclohex-

11 (1r95!)-  ̂ ,, M ane-l-carboxylic acid. The 100-MHz nmr spectrum of(13) D . H. W illiams and N. S. Bhacea, J .  A m e r .  C h e m .  S o c . ,  86, 2742 . . J  1 ^ ,  . ,
(1964). sq/ifo-qumide gave an overlapping group oi multiplets

D iastereomers of Quinic Acid J .  O rg. C hem ., V ol. 8 5 , N o . 6 , 1 9 7 0  1907



which could not be resolved. No increase in resolution hexanes. The twist conformations frequently favored
occurred in acetylating or benzoylating the free hydroxy by cyclohexanones19 may require —AGa values suffi-
groups. The nmr spectrum did not resemble those of ciently different from the chair values to render use
the several y-lactoncs of the quinic and epi-quinic acid of the latter questionable.
series. The epimerization of the hydroxyl groups of quinic

A t the suggestion of one of the referees, the reaction acid parallels those of tetra- and pentahydroxy cyclo-
of scyllo-quinide with periodate was explored. Although hexanes rather than those of the inositols. The
the periodate oxidation method is of general application, methylene groups, as shown by Angyal, Gorin, and
the requirement of the formation of a cyclic periodate Pitman,20 markedly affect the course of the reactions,
ester as the decomposing entity14 could severely limit The formation of ( — )-epi-quinic acid may involve
the use of this reaction in the rigid bicyclic quinic changes only in the 4-hydroxyl group, favorably

flanked as it is by cis and trans adjacent hydroxyl (or 
2 1 \ _ 21 \ acetoxy) groups. However, the formation of large

I or | /IO., amounts of (+)-epi-quinic acid and scyllo-quinic acids
H2C—O H2C—0  clearly results from displacements on the 3  and 5

acid series. This proved to be the case. ( —)-Quinide carbon atoms,
and cis- and ¿rans-1,2-cyclohexanedioLs reacted quickly
with sodium metaperiodate solutions under the condi- Experimental Section
tions of Aspinall and Ferrier.15 However, no loss of r™. . , , , T. „ , , , ,. 1 . , . , . - , . . , , , . The melting points were taken on a Kofler hot stage and are
periodate could be detected after 4  hr with ( )-ep i~  corrected. Other physical measurements were made on the
quinide nor after 65 hr with sct/Ko-quinide. The vicinal following instruments: nmr spectra, internally locked Varian
h y d ro x y l grou ps in  epf-quinide a re  trans as th e y  a re  in  H R -100 ;21 infrared spectra, Cary Model 90; optical rotations,
15 , an d  th e  rig id ity  of th ese  lacto n es p re v e n ts  th e  Bendix P e rim e te r  type 143A; ORD, Cary Model 60; uv spec-
five-m em b ered  neriod n fe rinn from  formino- tra  Cary Model 15‘ The nmr sPectra were run at concentrations

® , . of ca. 5%  under the conditions noted with ¿-butyl alcohol-d
i h e  co n fo rm atio n s of sct/ito-quim c an d  epz-quinic as internal lock for aqueous solutions. The position of the lock

acid s in  solu tion , w herein  th e  ca rb o x y l grou ps a re  resonance in respect to internal DSS was determined in a subse-
a xia l, differ fro m  quinic acid  an d  all of its  d e riv a tiv e s, 9 uent scan of the solvent at the same temperature.
W hich h a v e  th e  ca rb o x y l grou p  e q u a to ria l (e x ce p t fo r Isomerization of Quinic Acid.2- A  solution of 10 g of ( - ) -

the pertrimethylsilyl derivative of quinic acid).10 had been added was heated under reflux for 100 hr. The solu-
These conformational preferences are in agreement tion was then cooled, acetylated, and worked up as described,
with the predictions based on the standard free energy The fractionation of the mixed acetates proceeded by a series of
change ( - A Gx°) for the equilibrium17-18 shown. The recrystallizations from CHCh-ethyl acetate.

( — )-epi-Quinide Triacetate (3).— This compound was less 
X  soluble in CHCh than the ( ± )  modification or scyllo-quipic acid
j tetraacetate: yield 2 .3 5 g ; m p 216-220°; [a]24D —120°, —118°

(c0 .5 , CHCI3) (lit.2 mp 209-210°, [<*]24d —119°).
\  X  A vmI. Calcd for CI3Hi$08: C, 52.00: H , 5 .37. Found:

A  C .5 2 .0 ; H, 5.27.
I (±)-epf-Quinide Triacetate.— This compound was recrystal-

, . . . . . . . .  lized from ethyl acetate-CHCh-ether: yield 0.79 g; mp 186-
vaiues for the eight stereoisomeric quinic acids are 188°; [«] 2,d 0 ° ( c l ,  CHCh); ir carbonyl stretching 1790, 1838,
summarized in Table II. The high difference in and 1752 cm -1 (KBr pellet) [lit.2 mp 182-183°; ir carbonyl
energies for the two conformers in scyffo-quinic acid stretching on  mixture of ( - )  and (±) acetates 1795 and 1750
may account in part for the difficulty in lactonization, ^  * The 100'MHz nmr atld ir sPectra of the ( ± ) isoiner and

__.1 , .  . . , . ; ( —) isomers were supenmposable.
since th e  grou ps on  ad join ing ca rb o n  a to m s  m u st A naL  Calcd for Ci3H160 8: C, 52.00; H , 5 .37. Found: C, 
eclipse each  o th e r in  co n fo rm atio n al chan ges. T h is  52 .1; H, 5 .34 .
may be made clear in a study of the 35/14 acid 13, (+ )-cpf-Quinide Triacetate.— A sample of 17.6 g of epi-
Which, although it has two hydroxyls capable of form- quinide triacetate, M !6D - 1 9 ° ,  was dissolved in the minimum
in , lactones, has an even geeater free-energy difference t :  " / “ J . '
between the two conformers than SC^ 0 quinic acid. weight) had separated and were collected, [ a ] 26D + 9 2 ° .  These

Ihe more nearly equal energies of the two conformers were again recrystallized from CHCh: yield 0.92 g; mp 216°;
of epi-quinic acid may similarly account for the ap- W 27n + 1 2 0 °  (c 0.5, CHC18). The 100-MHz nmr spectrum was
parent deformed-chair conformation observed. The superimposable on the spectra of the ( - )  enantiomer or the

predictions of conformation preference for quinic acid ( for c 13Hu0 8: C, 52.00; H , 5 .37. Found:
and 5-denydroquime acid agree with observation.9-16 C, 52 .1 ; H , 5.41.
However, the prediction for 4-dehydroquinic acid is at scyllo-Quiaic Acid Tetraacetate (4).— This acid was purified by 
variance with the conformation suggested by Haslam treating crude lactone fractions [containing (±)-epf-quinide
and Marriott5 on the basis of hydrogenation results. triacetate] with dilute KHCO, solution, filtering, and carefully
It Should be noted that the values of -  AG" have been “ Ì f S  Ì *  ' o v i
derived from measurements on chair forms of cyclo- 1,CHC13).

A nal. Calcd for C16HSoOio: C, 50.00; H, 5 .60. Found:(14/ C. J. Buist and C. A. Bunton, J .  C h e m .  S o c 1406 (1954). Q  5 Q j  . j j  5 .5 3 ,
(15) G. O. Aspinall and R. J . Ferrier, C h e m . I n d .  (London), 1216 (1957). —  !—!------ —

(16) V . Gaffield, A. C. Waiss, Jr., and J . Corse, J .  C h e r n .  S o c . ,  C ,  1885 (19) D. L. Robinson and D. W. Theobald, Q u a r t .  R e v . (London), 21. 314
(1966). (1967).

(17) E . L. Eliel, N. L. Allinger, S. J. Angyal, and G. A. M orrison, “ Con- (20) S. J . Angyal, P . A. J . Gorin, and M . E . P itm an, J .  C h e m .  S o c . ,  1807
form ational Analysis,” Interseience Publishers, New York, N. Y., 1965, (1965).
C hapter 2. (2 1 ) Reference to  a company or product nam e does not im ply approval

(18) J . A. Kirsch in Topics in Stereochem istry,” Voi. I, N. L. Allinger or recom m endation of the  product by the  U . S. D epartm ent of A griculture to
and E. L. Eliel, Ed., Interscience Publishers, New York, N . Y., 1967, p 199. the  exclusion of others th a t m ay be suitable.
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scyllo-Quinic Acid (14).— A solution of 1 g of sq/Mo-quinic acid the lyophilization flask melted, the flask was removed from the 
tetraacetate (4) in 13 ml of 2 iV NaOH was allowed to stand for 4 lyophilization apparatus and placed in a vacuum desiccator over
hr at room temperature. The reaction mixture was freed of P 20 5 and it was evacuated to 0.01 mm. The sample of epi-
sodium ions by passing through a Dowex AG-50W -X2, 100-200 quinic acid was analyzed the next morning,
mesh, acid-form column (12 mm X  40 cm) and eluting with water A n al. Calcd for C7Hi20 6 (acid): C, 43.75; H, 6.29. Found: 
until the eluate was neutral. The eluate was evaporated to C , 45 .0 ; H, 6 .15. Calcd for C7H i0O6 (lactone): C , 48.27; 
dryness in  vacuo and the crystalline acid was recrystallized from H, 5.79.
acetone-petroleum ether, yield 0.47 g mp 228-230°. The optical rotation of ( — )-epf-quinic acid was taken by dis-

A n al. Calcd for C7Hi206: C, 43.75; H, 6.29. Found: C, solving ( —)-epi-quinide in sodium hydroxide, [a]24D — 22° (c 1). 
43 .6 ; H, 6.25. The nmr spectrum was taken by dissolving epi-quinide in D20

sq/iio-Quinide.— A suspension of 0.5 g of scj/Ho-quinic acid in and adding an excess of NaOD.
15 ml'of acetic acid was heated on a steam bath for 1 week with The ORD of ( — )-ep?-quinic acid shows a strong negative 
occasional shaking. The resulting solution was filtered and the Cotton effect, in contrast to ( —)-quinic acid, which gave a low-
filtrate was evaporated to dryness in a N2 stream. The product, wavelength positive Cotton effect.
a hygroscopic glass, was dried at 100° (0.2 mm). A Nujol Benzhydryl ( — )-epi-Quinate.— This substance was prepared 
mull showed a carbonyl absorption band at 1720 cm -1 . from ( — )-epf-quimde in the same manner as the ( ± )  isomer, mp

A n al. Calcd for C7Hio06: C, 48.27; H, 5.79. Found: 127-128°, [<*]24d —34°. The elementary analyses were very
C, 48 .3 ; H, 5 .92. dependent on drying conditions. Drying in  vacuo over P20 5

Saponification of a sample of sq/Mo-quinide and recovery of the at room temperature gave the hemihydrate. 
free acid in a manner similar to the hydrolysis of the tetraacetate A nal. Calcd for C2oH2206-V2H20 :  C, 65.38; H, 6.31.
gave an essentially quantitative recovery of acid. Found: C, 65.6. H ,6 .2 5 .

Equal volumes of 0.03 M  sodium wi-periodate and 0.015 M  This water of crystallization was apparent in the nmr spectrum 
scj/Wo-quinide were mixed at room temperature. Aliquots of 1 (run in dimethyl sulfoxide-d«). Drying overnight at 80° in
ml were taken at intervals and diluted to 250 ml, and the ab- vacuo caused the crystalline sample to become a gum; water
sorbance of the diluted solution was measured at 223 m,u.16 There elimination in the ring evidently occurred. This phenomenon
was no observable reduction of periodate over a period of 65 hr. did not take place with the other benzhydryl esters described
Under the same conditions, ( —)-quinide reacted with 1 mol of here.
periodate in 10 min and as- and ira?is-l,2-cyclohexanediols each A n al. Found: C, 69.0; H, 5.97.
reacted with 1 mol of periodate in less than 2  min. ( — )-epi- Benzhydryl ( —)-Quinate.— A suspension of 2  g of ( —)-quinic
Quinide showed no reaction in 4  hr. acid in 25  ml of ethyl acetate was warmed and treated with di-

Benzhydryl sci/iic-Quinate.— A solution of 1 g of sq/ffo-quinic phenyldiazomethane until reaction ceased. Addition of pe-
acid in 25  ml of ethyl acetate was treated with diphenyldiazo- troleum ether caused the separation of the crystalline ester in
methane until the pink color just persisted. The solvent was near quantitative yield. I t  was recrystallized from ethyl acetate-
removed in  vacuo, and the residue was washed with petroleum petroleum ether, mp 8 5 - 8 7 ° ,  [a]D — 2 1 °  (c l ,E tO H ).
ether and then recrystallized from ethyl acetate-petroleum ether, A nal. Calcd for C2oH220 6: C, 6 7 .0 2 ;  H, 6 .1 9 .  Found:
mp 8 4 - 8 7 ° .  C, 6 7 .0 ;  H, 6 .1 6 .

A n al. Calcd for C20H22O6: C, 67.02; II, 6.19. Found: (±)-epi-Quinide Tribenzoate.—A solution of 0.28 g of ( ± ) -
C, 67.0; H, 6 .23. epf-quinide in 3 ml of pyridine was warmed on the steam bath

( ±  )-epf-Quinide.— A solution of 1 g of (±)-epi-quinide tri- with 0.65 ml of benzoyl chloride for 0.5 hr and allowed to stand
acetate in 13 ml of 2 A" NaOH was allowed to stand overnight at at room temperature for 2 hr. The reaction mixture was stirred
room temperature. The sodium ions were removed by passing with 50 ml of ethyl acetate and 200 ml of water. After separa-
the saponified ester through a Dowex AG-50X2 column (12 mm tion, the ethyl acetate layer was successively washed with cold,
X  40 cm) and eluting with water until all the acids were off the dilute HC1, cold dilute NaOH, and cold water. After drying
column. The eluate was evaporated to dryness in  vacuo and the (MgSCh), the solution was concentrated by warming in a N2
last traces of acetic acid were blown off in a N2 stream. The stream. Addition of light petroleum and chilling yielded 0.53 g
semisolid material was triturated with absolute EtOH and chilled. of tribenzoate, mp 183-184°.
The resulting crystals were collected and recrystallized from A nal. Calcd for C28H2208: C, 69.13; H, 4 .56. Found:
EtO H , yield 0 .3  g, mp 202-204°. C ,6 9 .I ;  H, 4.55.

A n al. Calcd for C7Hi0O5: C, 48.27; H , 5.79. Found: ( —)-Quinide Tribenzoate.— This compound was prepared
C, 48.5; H, 5 .8 0 . from quinide analogously to the ep i  isomer in near quantitative

Benzhydryl (±)-epf-Q uinate.— A solution of 1 g of (± )-e p i- yield, mp 154-155° (lit. mp 148°).23 
quinide, after standing for 1 hr in 10 ml of N  NaOH at room A nal. Calcd for C28H220s: C, 69.13; H , 4 .56. Found:
temperature, was passed through a Dowex AG-50X2 column as C, 69.3; H , 4.59. 
before. The eluate was concentrated to about 5 ml by evapora
tion at 35° in vacuo and treated with a slight excess of diphenyl- Registry No.— ( ±  )-em-Quinide triacetate, 23804-
diazomethane. The reaction product was evaporated to dryness . . . ,  f  . , , n oon , r .
washed with petroleum ether, and recrystallized from ethyl ace- 26-4, (4 ')_ePi"Quinlde triacetate, 23804--,7-5, y -
tate-petroleum ether, mp 122-124°. The product was analyzed quinic acid tetraacetate, 23804-28-6; benzhydryl
after drying at 100° in  vacuo. scyllo-quinate, 23804-30-0; ( ±)-epi-quinide, 23804-

A n al. Calcd for C2oH220 6: C, 67.02; H, 6 .19. Found: C, 31-1; benzvihydryl (±)-epi-quinate, 23804-32-2;

“ m ,  p l S  was ,1 ,. . .. ly z r f  after drying at room temper.. 23804-33-3; < -)  j j j * «  add,
ture. 23804-34-4; benzhydryl (-)-qum ate, 23804-35-5; » -

A nal. Calcd for C20H22O6-H2O: C, 63.82: H, 6.43. Found: ept-quinide tribenzoate, 23804-36-6; benzhydryl » -
C .6 3 .5 ; H, 6.25. e/ri-qumate, 23804-37-7; epf-quinie acid, 23804-38-8;

( — )-epi-Quinide.— A solution of 1 g of ( - j-epz-quimde tn - (_)_quinjde tribenzoate, 23804-39-9; (» -q u in ic  acid,
acetate was saponified and worked up exactly as described tor '  7 ;  / N . . .  . i 0 qca/1 4 i q . a A
(±)-epi-qumide, mp 196-197°, M n 23 - 1 2 7 °  (c 0.5, H ,0 ) . 23804-40-2; » -e p t-q u im c  acid 23804-41-3, 4-dehy-
The rotation of (-)-epf-quim de, W 23D - 1 2 7 ° ,  shows a negative droqumic acid, 18543-47-0 ; 5-dehydroqumic acid,
A value in relation to ( — )-epi-quinic acid, in accord with Klyne’s 10236-66-5; 3,23804-25-3; 13,23804-44-6; 14,23804-
modification22 of Hudson’s lactone rule. 29-7

A nal. Calcd for C7Hio05: C, 48.27; H, 5.79. Found: C,

In an attempt to prepare free (— )-epi-quinic acid, the saponi- Acknowledgm ent. We wish to thank D . C. Patter-
fication mixture was cooled to 0 ° and the ion-exchange column was son for technical help, Dr. J. R. Scherer and Dr. W.
used in a cold room at 1°. The eluates were frozen and lyo- Gaffield for the ir and O R D  data, and L . W hite and
philized at 0.005 mm. As soon as the ice film on the outside of Migg Q  fo r elem en tal analyses.

(22) W. Klyne, C h e m . I n d .  (London), 1198 (1954). (23) P. Eohtermeier, A r c h .  P h a r m .  (Weinheim), 244, 37 (1906).
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The Synthesis of 6-Deoxy Homologs of M uram ic Acid
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2-Ammo-2,6-dideoxy-3-0-(D-l-carboxyethyl)-D-glucopyranose and the 6-fluoro derivative have been synthe
sized. Fluorine was introduced via displacement of the corresponding tosylate with tetrabutylammonium fluo
ride.

Muramic acid (I), being a constituent of the cell was prepared. This method of separation proved far
walls of both gram-positive and gram-negative bacteria superior to the one utilized by Gigg, which involved the

separation of the S-benzylpseudothiourea salt.
CH20H The opening of the oxazolidine ring in lb  with
j  q subsequent rearrangement to the glucopyranose has

A \  been performed under a variety of conditions. Since
f  ) the proposed synthetic approach required the protec-

HoXI j/oH tion of the glycosidic hydroxyl group, the conditions of
/ methanolic hydrogen chloride utilized by Lindberg2

CH NH2 were chosen. In this fashion, the opening of the oxazol-
/  \  idine ring and introduction of the methoxy group at the

CH3 COOH 1  position could be achieved simultaneously. The
1 product of this rearrangement was reported as the

corresponding acid.5 However, analytical as well as
and vital to cell-wall synthesis, presents an interesting nmr data confirmed the structure as being the ester 2a.
point of attack for the inhibition of cell-wall synthesis.1 Tritylation of 2a with subsequent acetylation produced
Lindberg2 prepared several homologs of muramic acid 2b, which was heated with glacial acetic acid to give 2c.
with variations of the lactic acid side chain. These A  search of the literature indicates that no satisfac- 
compounds exhibited no antibacterial activity when tory method exists for the introduction of fluorine into a
tested in vitro. Two modifications, which appeared carbohydrate molecule under mild conditions. Re
interesting both chemically and biologically, were those cently, Gubitz6 examined and successfully employed
which involved the replacement of the 6-hydroxyl group, tetrabutylammonium fluoride (TBAF) for this purpose,
shown in structure II. Originally it was planned to activate the 6 position of

2c by formation of the mesylate 2d followed by dis- 
placement with fluoride. When 2d was treated with

2 tetrabutylammonium fluoride, the desired compound
/ 0, 3a was not obtained; instead a mixture of 2c and 2e was

/  \  produced, probably via the intermediate 8 formed by
\ 0  A internal displacement of the mesylate.

HOA]___ /OH

CH NHzCH3 Y oOH 0  I / ° \ 0CH3
Ha, X = H Y )

b- x = F  c h 3— c+—  o Y j_ _ | /

This paper describes the synthesis of (+)-6-deoxy- NHBz
and 6-fluoro-6-deoxymuramic acid. The intermediate /  \
(1) was prepared according to the method of Gigg and CH3 C00CH3
Carrol.3 In order to separate the requisite d isomer ®
from the isomeric mixture, the salt of (+)-(li2,2/S)-2-
amino-l-[4-(methylthio)phenyl]-l,3-propanediol (III)4 In view of this failure, attention was turned to the

more reactive tosylate 2f, which was readily prepared 
from 2a. Treatment of 2f with a slight excess of 

CH T B A F  produced 3b in good yield. Hydrolysis of 3b in
CH3S —$ \ —  CHCHCH2OH 3 W HC1 gave 4 as a hygroscopic solid.

\ = /  | lh e  deoxy homolog 7 was obtained from 2f by
NH2 treatment with sodium iodide in acetone, which pro-

III duced the iodo lactone 5a. This compound exhibited a
-------------- molecular ion peak at m/e 235, and the nmr spectrum

(1) m . r . Saiton, "T he  Bacterial Ceil W ail,” Elsevier Publishing Co., supported this structure. Further confirmation was
New York, n . y „ 1964. obtained by conversion of 5a with sodium methoxide in

(2) B. Lindberg and H. Agbach, A c t a  C h e m . S c a n d . ,  18, 185 (1964).
(3) R. H. Gigg and P. M. Carrol, N a t u r e ,  191, 495 (1961).
(4) R. A. Cutler, R . J . Stenger, and C. M. Suter, J .  A m e r .  C h e m .  Soc., 74, (5) Lindberg reports th is as the  acid (see ref 2).

5475 (1952). (6) F. W. Gubitz, to  be published.
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methanol into the ester 6 , whose nmr spectra exhibited of the dl acid la  and 55 g (0.261 mol) of the amine II I  in 1 1.
six methoxy hydrogens at 165 and 170 Hz. Hydro- °* is0Pr°pyl alcohol was heated to boiling on a hot plate. After
genation of 5a in methanol with Raney nickel produced f}. the solld /‘A1 dlS3olve(J> the solution w as  filtered and the
f, ,, , , tt j  i • f K o , T filtrate was cooled at room temperature for 5 hr and then at 0
the 6-deoxy compound 5b.  ̂Hydrolysis of 5b with 3  N  overnight. This cooling procedure aided crystallization of the
HCl produced 7 as a crystalline solid. product. The solid was collected and washed with cold isopropyl

alcohol: yield ICO g; mp 165-166°.
A n al. Calcd for C2i)H37N20 9S: C , 59.20; H , 6 .27 ; N , 4 .75. 

UV  CH,OR Found: C, 59.07; H , 6 .96; N , 4.24.
0  2 1  To a suspension of 60.4 g (0.105 mol) of the amine salt of la

q j ------O, , ------0 . OCH nd °f water and 1200 ml of ether was added dropwise 101
/ /  \  /  \  3 ml of 1 A  HCl over a 30-min period. After the addition was

C \ n  /  complete, the ether layer was collected and dried and the ether

/  was removed. The residual white solid lb was recrystallized
CH \  /  -U/ ' ------- /  from ethyl acetate: yield 26.5 g; mp 166-167°; ¡« ]25n + 6 6 .7 °

/ \  V ------ J  ph /  ( c l ,  CHCla) (lit.« mP 163-164°; 1« ] * d + 6 5 ° ) .
CH3 COOH q jj NHBz Methyl 2-Benzamido-2-deoxy-3-0-[D-l-(methoxycarbonyl)-

/  \  ethyl] -6-O-trityl-0-D-glucopyranoside 4-Acetate (2b).— To a solu-
CHS CO0CH3 tion of 30.4 g (0.0794 mol) of 2a2 in 520 ml of pyridine was added

j a 2a R = H ; R, =  H 27.3 8 (0.098 mol) of trityl chloride.9 The solution was stirred
, ’ r—-L  , r^rjo , ’ r,1 _.rp’ . R _  a„ at room temperature for 24 hr and then heated to 100° for 3 hr.

, LaJ D 06. ’ 1 ’ 2_  After cooling to 0 ° , 41.6 ml of acetic anhydride was added. The
c, R; — H; R2 —Ac solution was left at room temperature for 24 hr. The excess
d, R, =  Mes; R2 =  Ac solvent and acetic anhydride were removed in  vacuo. The
e, Rj =  Ac; R2 =  H residue was treated with an ice-water mixture. A gum formed
f, R, =  Ts; Rj =  H which gradually solidified. The solid was removed by filtration

and washed with water. The material was then suspended in 
qH2F  CH2F 1 1. of ether and 400 ml of water, and the mixture was treated

dropwise with 1 N  HCl until the pH was 4. Methylene di-
/ ---- 0 ,  OCH), /  chloride was then added until all of the solid had dissolved. The

/  \  1 / \  organic layer was collected and dried, and the solvent was re-
, „  / a q Xr~OH moved. An oily residue was obtained, which was dissolved in

p /  „ A  / “  hot isopropyl alcohol and chilled. An oil separated which solid-
r ------- ' r --------- ified on scratching. The solid 2b was collected: yield 45 g

/  u r , (88% ); mp 110-115°; W 26n + 4 2 .0 °  ( c l ,  D M F).
CH NHBz qH NH2-HU A naL  Calcd for c+H nN O ,: C, 70.18; H, 6 .19; N, 2.10.

/ \  / \  Found: C .7 0 .4 1 ; 5 .96 ; N ,2.39.
CH3 COOCH3 CH3 COOH Methyl 2-Benzamido-2-deoxy-3-0-[i>-l-(methoxycarbonyl)-

3a, R3 =  Ac 4 ethyl]-/3-n-glucopyranoside 4-Acetate (2c).—To a solution of
j, = h  10 g (0.015 mol) of 2b in 143 ml of glacial acetic acid heated to

90° was added dropwise 157 ml of water.8 During the addition, 
QH r  qh  I solid began to separate. After the addition was complete (20

min), the mixture was heated for an additional 20 min at 90° 
/  — oc h3 /  — QQH3 and then cooled for 2 hr at 0 ° . The precipitated solid was col-

[ /  \| 1 / \ j lected on a filter funnel and washed with 50%  acetic acid. The
K 0  yj K q yj filtrate was then evaporated to dryness and the residue was
l\/i / '  H O aI /  heated with toluene in  vacuo to remove the last traces of water.

/  [\ ----------------------  / ] -------- Finally, the solid was recrystallized from isopropyl alcohol,
C /  I / I  giving 3.6 g (57 .3% ) of 2c: mp 206-208°; [<*]26d + 3 9 .1 °  (c 1,

HC NHBz CH NHBz DMF).
] /  \  A n al. Calcd for CaoHnNCb: C, 56.40; H, 6 .40 ; N, 3 .29.

qH CH3 COOCH3 Found: C, 56.43; H .6 .6 9 ; N ,3 .4 4 .
3 T Methyl 2-Benzamido-2-deoxy-3-0-[D-I-(methoxycarbonyl)-

5a’ 1 6 ethyl]-/3-D-glucopyranoside4-Acetate 6-Methanesulfonate (2d).—
b, R =  H To 84 ml of dry pyridine at —10° was added dropwise 225 ml

CH3 of methanesulfonvl chloride.8 After the addition was complete,
3.9 g (0.00918 mol) of 2c was added in five portions over a 15-min 

y O, period and the solution was left at 5° overnight. The solution
f  \  was then poured into 500 ml of ice-water and scratched, where-
v q  upon solid separated. After cooling for 30 min, the solid was

HD X ------ 1/ collected, washed repeatedly with water, and dried. The ma
x '   terial was recrystallized from ethyl alcohol, giving 3 g (71.5% )

/  ™  „„ I of 2d: mp 184° dec: U ]25d + 29.9° (c 1 , D M F).
CH AH2-h l i  A n al Calcd for c 21h 29NOhS: C, 50 .20 ; H, 5 .82 ; N, 2 .78;

/ \  S, 6 .37 . Found: C, 49.89; H , 5 .73 ; N , 2 .61 ; S, 6.37.
CH3 COOH Reaction of 2d with Tetrabutylammonium Fluoride.—A solu-

7 tion of 100 mg (C.198 mmol) of 2d and 300 mg (1.17 mmol) of
tetrabutylammonium fluoride in 5 ml of methyl ethyl ketone was 
refluxed for 48 hr. The solvent was removed in vacuo and 

E x p e rim e n ta l S e ctio n 7 the residual oil was dissolved in 50 ml of chloroform and extracted
, „  , , . . . . .  twice with 200 ml of water. The organic layer was dried, the

2-Phenyl-4,5-[3-0-(D-l-carboxyethyl)-5,6-lsopropyhdene-i>- g0\vent  was removed in vacuo, and the residue was dissolved in 
glucofurano]-A2-oxazoline (lb ).8— A mixture of 94 g (0.261 mol) isopropyi alcohol. Upon cooling, a solid formed: yield 40 mg;
------------------  mp 172-174°; nmr (DMSO) 5 2 and 2.07 (2CH3COO). This

(7) All m elting points were run according to  th e  USP procedure and are material could not- be separated into its two components, 
uncorrected. Analyses and m elting po in ts were perform ed by th e  staff Methyl 2-Benzamido-2-deoxy-3-0-ll>-l-(methoXycarbonyl)~
of M . E . Auerbach and K. D. Fleishcer. N m r spectra were determ ined on ethyl] -/3-D-glucopvranoside 6-p-TolueneStllfonate (2f).— ‘To 300
a Varian A60 spectrophotom eter and th e  mass spectra on a Jeolco double-
focusing high-resolution mass spectrom eter, b y  R . K . K ullnig and S. Cle- _ _ . , .

( 9 )  P .  H. Gross, K. Brendel, and H. K. Zim m erm an Jr., J u s t u s  L i e b i g sm ans»(8) R . Gigg, P . M . Carroll, and C. D . W arren, J .  C h e m .  S o c . ,  2975 (1965). A n n .  C h e m . ,  683,176 (1965).
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ml of pyridine which was cooled to - 1 0 °  was added 8.43 g dryness. The residue was triturated with water and the solid 
(0 00465 mol) of p-toluenesulfonyl chloride.10 After the addi- 5a which formed was collected, dried, and recrystallized from
tion was complete, 15 g (0.00353 mol) of 2a was added in five ethyl alcohol: yield 1 g (43 .5% ); mp 232-234°; + 3 4 .3 °
portions over a 15-min period. After stirring at - 1 0 °  for 1 hr, (c 1, D M F); mass spectrum m/e 461; nmr (DMSO) 5 1 .25-1 .62
the solution was left at 5° overnight and then poured into 2 1. (3, CH3) and 3.39 (s, 3, -O CH s).
of water with stirring, and the solid which separated was col- A n al. Calcd for CnEUNIOc: N , 3 .04 ; I , 27.53. Found:
lected, washed with water, and dried, giving 18.6 g (71.5% ) of N , 3.04 ; I , 27.62.
2f ■ m p8 0-83°; [a ]25n + 2 2 .4 °  (c l ,D M F ) . Methyl 2-Benzamido-2,6-dideoxy-6-iodo-3-0-lD-l-(methoxy-

A n al. Calcd’ for C25H3iNOioS: C, 55.85; H , 5 .81; S, 5 .97. carbonyl)ethyl]-/3-D-glucopyranoside (6).— A solution of 300
Found: C, 55.89; H , 5 .76 ; S, 5.82. mg (0.612 mmol) of 5a and 33 mg (0.612 mmol) of sodium meth-

Methyl 2-Benzamido-2-6-di'deoxy-6-fluoro-3-0-[D-l-(methoxy- oxide in 25 ml of dry methyl alcohol was left at room tempera-
carbonyl)ethylj-+D-ghicopyranoside (3b).— A solution of 2.5 g ture overnight. The solution was made slightly acidic with
(4.65 mmol) of 2f and 1.46 g (5.6 mmol) of tetrabutylammonium glacial acetic acid and evaporated to dryness. The white solid
fluoride in 100 ml of dry methyl ethyl ketone was refluxed over- residue was triturated with water, collected, and recrystallized
night. The solvent was removed and the residue was triturated from ethyl acetate. A 100-mg yield of 6 was obtained: mp
with water. A gum formed (3b), which was collected and dried 189-191°; mass spectrum m/e 493; nmr (DMSO) 8 2.75 and
and recrystallized from isopropyl alcohol: yield 1.074 g (60% ); 2 .84 (singlets, 3 each, 2 CH30 - )  and 1 .03-1 .10  (d, 3, CH3);
mp 184-186°; [a]25D + 4 6 .1 °  (c 1, D M F); nmr (DMSO) 8 [a ]“ d + 16.4° (c 1, D M F).
1 25-1 38 (d 3 CH3- ) ,2 .4 0  (s, 3, CH3O C -), 3.30 (s, 3, CH3O C -), A nal. Calcd for C,8H2JN O j : C, 43.80; H , 492; N , 2 .84 ;
and 3.38 (s, 2, CH2F ) . 1 ,2 5 .7 0 . Found: C, 43.72; H, 4 .86 ; N , 2 .69 ; I , 25.56.

A n al. Calcd for CisTh+NO,: N, 3 .64; F , 4 .94 . Found: Methyl-2-benzamido-2,6-dideoxy-3-0-(D-l-carboxyethyl)-D-
N 3.55- F ,  5 .04. gluccpyranoside-4-lactone Methanolate (5b).— A solution of

’ 2-Amino-2,6-dideoxy-6-fluoro-3-0-(D-l-carboxyethyl)-D-gluco- 6.9 g (1.48 mmol) of 5a in 172 ml of methyl alcohol and 18 ml of
pyranose Hydrochloride (4).— A mixture of 2.2 g (5.72 mmol) triethylamine was hydrogenated with Raney nickel at 44 psi.11
of 3b and 5 ml of 3 N  HC1 was heated on a steam bath with The reduction took 2 hr, after which time the catalyst was re
stirring for 4 hr.8 The brown solution was cooled in an ice moved by filtration and the filtrate was evaporated to dryness,
bath for 30 min and the benzoic acid was separated by filtra- The solid residue was triturated with water, collected, and re-
tion. The filtrate was decolorized with charcoal, the solution crystallized from methanol, giving 3.2 g (62% ) of 5b as its meth-
obtained by filtration was concentrated to dryness, and the anolate: mp 199-200°; [<*]25d  + 1 5 .7 °  (c 1, D M F); mass spec-
residue was heated with 50 ml of acetone. The undissolved tru m m /e368.
solid was removed by filtration, the gummy material obtained A n al. Calcd for CnH21N 0 6 CH30 H : C, 58.85; H , 6 .82 ;
by removal of the solvent was triturated with ether, and the N, 3 .82 . Found: C, 58.84; H ,6 .9 8 ; N ,3 .9 0 . 
resulting solid was collected and dried. A 1 .2-g yield (85.7% ) of 2-Amino-2,6-dideoxy-3-0-(D-l-carboxyethyl)-D-glucopyranose
material was obtained which could not be recrystallized and was Hydrochloride (7).— The hydrolysis of 5b was performed in the
hygroscopic, [a ]25d + 6 4 .1 °  ( c l ,  D M F). same manner as described for the preparation of 4 . A 2.2-g

A n al. Calcd for C9H i6F N 0 6-HC1: N , 4 .83 ; Cl, 12.25. yield of crude product was obtained which, after recrystalliza-
Found: N .3 .4 7 ; Cl, 11.65. tion from acetone, gave 850 mg (53.5% ) of 7: mp 174r-175°;

Methyl 2-Benzamido-2,6-dideoxy-6-iodo-3-0-(p-l-carboxyeth- [»]“ d + 1 1 1 .0 °  (c 1, D M F). 
yl)-D-glucopyranoside 4-iLactone (5a).— A solution of 2.5 g Avxil. Calcd for CtlInNOe• IICl: N , 5 .14 ; Cl, 13.05.
(4.34 mmol) of 2f and 5 g (33.0 mmol) of sodium iodide in 25 ml Found: N , 5.12 ; Cl, 13.26. 
of dry methyl ethyl ketone was heated in a pressure bottle at
110° for 6 hr.11 After cooling to room temperature, the solid R e g is try  N o .— Amine ( I I I )  salt of la, 23924-09-6; lb,
was removed by filtration and the filtrate was concentrated to 23912-19-8; 2b, 23912-20-1; 2c, 23912-21-2; 2d, 23912-

(10) W. S. Cohen, D. Levy, and E . D. Bergmann, C h e m .  I n d .  (London), 22-3J 2f, 23924-03-0J 3b, 23924-04-1J 4, 23924-05-2;
1802 (1964). T ,  , . . . .  5a, 23924-06-3; 5b, 23967-32-0; 6, 23924-07-4; 7,(11) K. Brendel, P . H. Gross, and H. K, Zimmerman, Jr., J u s t u s  L i e b i g s  ’ n  o r
A n n .  C h e m .  691, 192 (1966). 2 3  9  2 4 - 0 8 - O .
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Methylation of the amide nitrogen of selected N-benzyloxycarbonyl and N-i-butyloxycarbonylamino acids with 
methyl iodide and silver oxide in dimethylformamide gives the corresponding N-methylamino acid derivatives in 
excellent yield. An unprotected carboxyl group also is converted by methylation into the methyl ester. The 
methylation reaction was shown to occur without racemization of the amino acid. The methyl esters obtained 
were converted by saponification into the corresponding N-protected N-methylamino acids. The N-f-butyloxy- 
carbonyl derivatives of cysteine and serine gave, upon methylation, unsaturated amino acid products.

N-Methylamino acids are constituents of several importance pursuant to the synthesis of peptide anti-
naturally occurring peptide and depsipeptide anti- biotics and of N-methylated peptides. We herein
biotics.1 Peptides that contain N-methylamino acids report a convenient one-step synthesis of N-mono-
are also of interest in relation to studies of peptide methyl-a-amino acids suitably protected for further
conformations.2 Suitable synthetic methods for the elaboration in peptide synthesis.
preparation of N-methylamino acids are, therefore, of The method of choice for the preparation of optically

pure N-methylamino acids involves a three-step 
(i)  e . Schroder and k . Ltibke, “The Peptides,” Vol. i i ,  Academic Press sequence in which an N-benzylamino acid is methylated

" » “ “ w  » 4  C h e m .  S e e . .  9 i, 4888 (1969); with formaldehyde-formic acid followed by reductive
j .  Dale and k . T itiestad, c h e m .  C o m m u n . ,  666 (1969); v. f . B ystrov, s. l . removal of the N-benzyl group.3 The N-methylamino
Portnova, V. I . Tsetlin, V. T . Ivanov, and Yu A. Ovchinnikov, T e t r a h e d r o n ,

25, 493 (1969); M . Goodman, C o l l o q .  J n t .  C e n t r e  N a t .  R e c h .  S c i . ,  1 (1968). (3) P. Q uitt, J. Hellerbach, and K. Vogler, H e l v . C h i m .  A c t a ,  46, 327 (1963).
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acid thus obtained must yet be converted to an ap- That no appreciable racemization had occurred upon
propriately protected derivative prior to use in peptide méthylation was established by comparison of the
synthesis. specific rotations of the above deprotected N-methyl-

It was reported4 recently, in connection with studies amino acids with reported rotations (Table II). 
on the determination of amino acid sequences in The N-benzyloxycarbonyl- and N-i-butyloxycar-
peptides using mass spectrometry, that milligram bonyl-N-methylamino acid methyl esters obtained were
quantities of N-acyl oligopeptides can be permethylated converted by mild saponification of the ester function
by treatment with methyl iodide and silver oxide in to the corresponding optically pure N-protected amino
dimethylformamide. The above reaction also has been acids. The nmr spectra of the resulting acids showed
applied to the permethylation of peptides substituted the disappearance of the singlet at approximately
with N-benzyloxycarbonyl or N-i-butyloxycarbonyl r 6.3 due to the methyl ester protons, while the in
groups.5 We report in this paper the application of the frared spectra possessed absorption typical of car-
above méthylation procedure on a preparative scale boxylic acids. Thus, N-benzyloxycarbonyl- and N-£-
to the readily available and widely used N-benzyloxy- butyloxycarbonylamino acids can be converted by a
carbonyl- and N-£-butyloxycarbonyl-L-amino acid de- two-step procedure of méthylation and saponification
rivatives of monoamino monocarboxylic acids. This to N-methylamino acid derivatives appropriately
reaction effects méthylation of the amide nitrogen and protected for direct use in peptide synthesis.7
affords in one step and in nearly quantitative yield the The méthylation reaction appears to be most
corresponding optically active N-methylamino acid applicable for the preparation of N-methylamino acid
derivatives (Tables I and II). An unprotected derivatives of monoamino monocarboxylic acids not
carboxyl group also undergoes méthylation to give containing other functional groups capable of under-
the corresponding methyl ester. The N-methylamino going méthylation. Previous studies6 have indicated
acid derivatives listed in Table I were obtained as oils various difficulties attendant with the permethylation
that appeared to be homogeneous as shown by thin of peptides containing arginine, aspartic acid, glutamic
layer chromatography and nmr spectral data. Since acid, methionine, serine, or threonine. In the present
N-methylamino acid derivatives generally show poor study, attempts to prepare N-methylamino acid
crystalline properties, the homogeneity of the products derivatives of cysteine or serine were without success,
obtained is an important aspect of the method. Treatment of N-£-butyloxycarbonyl-S-benzyl-L-cys-

teine (16) or the corresponding L-serine derivative 
T able I  18 yielded a mixture of products as shown by thin

M éthylation of N -B enzyloxycarbonyl- and layer chromatography. The only ninhydrin-positive
N-î-B utyloxycarbonyl-l-amino Acids with M ethyl I odide material present in the mixtures was shown to be the 

and Silver Oxide in D imethylformamide dehydroalanine derivative 17. The ultraviolet spec-
Reaetant Product Yield, %  trum of 17 had maximum absorption at 240 m /j. con-

Z-Ala-OH (1)° Z-MeAla-OMe (2) 94 sistent with that reported8 for similar dehydroalanine
Z-Phe-OH (3) Z-MePhe-OMe (4) 97 derivatives. The nmr spectrum of 17 showed two one-
Z-Val-OBzlN02 (5) Z-MeVal-OBzlN02 (6) 93 proton singlets at t 4.16 and 4.63 assignable to olefinic
B °c—Ak-OH (7) Boc-MeAla-OMe (8 ) 94 hydrogens, while absorption due to the S-benzyl group

oc" e" nTT ?i n  m ) QA was not present. Hydrogenation9 of 17 over platinum
. . .  , , , ,  ,, TTrn.„  oxide yielded material shown to be chromatographically

“ Abbreviations used are those recommended by the 1UPAD- , . , „  ,. s . , .  • , . ,„  „
IU B Commission on Biochemical Nomenclature, J  B io l  Chem., (tlc) and spectrally (ir, nmr) indistinguishable from 
241,2491 (1966). methyl N-£-butyloxycarbonyl-N-methyl-L-alaninate

(8). The formation of 17 in the méthylation reaction 
Spectral data obtained for the methylated products can be rationalized by an elimination reaction of an

were consistent with the assigned structures. The intermediate sulfonium or oxonium salt,
infrared spectra lacked absorption due to amide NH
or carboxyl OH in the region of 3200-3600 cm-1 in- Boc—Cys(Bzl)—OH in
dicative of complete méthylation, while possessing two 16
carbonyl bands assignable to ester and urethan CH3
functions. In the nmr spectra, a singlet at approxi- „  I _ ^TT „  „
mately r 7.1 due to the N-methyl protons was observed « i8
in all cases. A singlet at r 6.3 typical of an O-methyl CH2
group was present in the spectra of the methyl esters. 17

The N-methylamino acid derivatives were further
characterized by conversion to and comparison with The N_meth lamino acids commonly found in 
known compounds. Thus, 2 gave upon saponification antibiotics are most often derived from mono-
N-benzyloxycarbonyl-N-methyl-L-alanme (13);« like- monocarboxylic acids.4 Méthylation with
wise 4 6 and8 upon removal of ^ P ro tectiv e  groups, iodide-silver oxide, therefore, offers a con-
yielded N-methyl-L-phenylalanme, N-methyl-L-yalme, ie* t thetic route to rotected derivatives of the
and N-methyl-L-alamne tnfluoroacetate, respectively. N_methyfamino acids present in peptide antibiotics.

(4) B. C. Das, S. D. Géro, and E. Lederer, B i o c h e m .  B i o p h y s .  R e s .  C o m -  .
m u n . ,  29,211 (1967). (7) For leading references to methods used for peptide formation with

(5) D.’ W. Thomas, B. C. Das, S. D. Géro, and E. Lederer, i b i d . ,  32, 199 N-methylamino acid derivatives, see E. Schroder and K. Lubke, “The Pep-
(1968); 32, 519 (1968). K. L. Agarwal, R. A. W. Johnstone, G. W. Ken- tides,” Vol.I, Academic Press Inc., New York, N. Y„ 1965, pp 143,144.
ner, D. S. Millington, and R. C. Shepard, N a t u r e ,  219, 498 (1968). (8) V .  E .  Price and J. P. Greenstein, J .  B i o l .  C h e m . ,  171, 477 (1947).

(6) S. Gerchakov and H. P. Schultz, J .  M e d .  C h e m . ,  12, 141 (1969). (9) F. Weygand and H. Rinno, C h e m . S e r . ,  92, 517 (1959).

N -M ethylamino Acid D erivatives J .  Org. Chem., Vol. 35, No. 6, 1970 1913



T able II
Specific  Rotations of N-M ethyl-l-amino Acid D erivatives

N-Methylamino [a]aD, N-Protected [a]“d, Deprotected [a]°D, Lit. [a]ad,
acid ester deg N-methylamino acid deg N-methylamino acid deg deg

Z-MeAla-OMe (2) - 3 0  Z-MeAla-OH (13) - 3 1  - 3 3 .  D
Z-MePhe-OMe (4) - 7 7  Z-M ePhe-OH (14) - 6 7  H-M ePhe-OH + 4 8  + 4 9 .3 '
Z-M eVal-OBzlN02 (6) - 5 9  H-M eVal-OH + 3 2  + 3 3 '
Boc-MeAla-OMe (8) - 4 0  Boc-M eAla-OH (IS) - 2 9  TFA~H 2+-M eAla-OH + 5  + 5 d
« See Experimental Section for conditions of temperature, concentration, and solvent. b Preference 6 . c Reference 3. d Determined 

from an authentic sample; see Experimental Section.

E x p e rim e n ta l S e ctio n  oxide for 8 hr. A pale yellow oil (2.04 g, 97%  yield) was ob
tained: tic EfA 0.33, R ,b 0 .64; ir (film) no absorption 3200-  

Melting points were determined on a Thomas-Hoover capil- 3600, 1730, and 1685 cm -1 ( C = 0 ) ;  nmr (DCC13) r 2.75 (m,
lary apparatus and are uncorrected. Infrared spectra were ob- 10 H, phenyl groups), 4.92 (s, 2 H, O-benzyl), 5.1 (m, 1 II, a
tained with a Beckman IR-8 spectrophotometer. The nmr spec- hydrogen), 6.30 (s, 3 H, methyl ester), 6.76 (d, 2 II, a-benzyl),
tra  were recorded at 60 MHz on a Varian A-60 spectrometer. 7.18 (s, 3 H , N-methyl); [«]24d —77° (c 1.6, E tO H ). An
Mass spectra were measured on a Hitachi Perkin-Elmer RM U -6E analytical sample was prepared by chromatography of the oil
mass spectrometer. Solvents were removed in  vacuo on a Buch- on neutral alumina and elution with hexane-ethyl acetate
ler rotary evaporator at bath temperatures below 40 ° . _ (9 8 :2 ).

Thin layer chromatographic data were obtained upon Brink- A n al. Calcd for C idHs1N 0 4 (327.4): C, 69 .8 ; H, 6 .48 ; N , 
mann silica gel precoated plates in the following ascending sol- 4 .28 . Found: C ,6 9 .8 ; H, 6 .74; N ,4 .2 3 .  
vent systems: Rsk , ligroin (bp 60-90°)-ethyl acetate (1 5 :2 ); p-Nitrobenzyl-N-benzyloxycarbonyl-L-valinate (5).— This com-
R{B, chloroform-acetic acid (9 5 :5 ); and R tc, chloroform- pound was prepared according to the procedure of Schwarz and
methanol-acetic acid (8 5 :1 0 :5 ) . Spots were detected with nin- Arakawa.11 A solution of N-benzyloxyearbonyl-L-valine (5.02
hydrin spray reagent after the developed plate had been treated g, 20 mmol), p-nitrobenzvl bromide (6.48 g, 30 mmol), and tri-
with hydrochloric acid vapors.10 To develop spots due to N - ethylamine (4.2 ml, 30 mmol) in 150 ml of ethyl acetate was
methylamino acids, it was necessary to heat the plate at 110° heated at reflux for 16 hr. The solid was filtered and to the hot
for 2 -4  min. Where applicable, the spots were also viewed under filtrate was added 2.5 ml of methanol. The cooled organic phase
ultraviolet light on silica gel F 2r>4 plates. was washed once with cold water, three times with 1 N  hydro-

The silver oxide used was of reagent grade purchased from chloric acid, once with water, three times with 1 M sodium bi-
Matheson Coleman and Bell. The dimethylformamide was carbonate, and three times with saturated sodium chloride, and
reagent grade and was distilled from calcium oxide. The N- dried over magnesium sulfate. Evaporation, of the solvent m
benzyloxycarbonyl- and N-i-butyloxycarbonylamino acids em- vacuo yielded 6.86 g (89% ) of pale yellow crystals, mp 103-105°.
ployed were purchased commercially. Recrystallization from ethyl acetate-Iigroin (bp 60 -9 0 °) gave

General Procedure for Methylation of N-Protected Amino Acid white crystals: mp 104 .5-105.5°; ir (CHCb) 3420 (N— H ), 
Derivatives.— The N-benzyloxycarbonyl- or N-i-butyloxycar- 1725 ( C = 0 ) ,  1520 and 1350 cm -1 (NOa); nmr (DCC13) r  2.26
bonylamino acid was dissolved in anhydrous dimethylformamide. (center of AB pattern, 4  H, nitro phenyl), 2.77 (s, 5 H, phenyl),
To the resulting solution was added methyl iodide (four- to 4.84  (s, 2 H, benzyl), 4.97 (s, 2 II, benzyl), 5.73 (m, 1 H , a
eightfold molar excess) and silver oxide (three- to fourfold molar hydrogen), 7.90 (m, 1 H, methine hydrogen), 9.14 (pair d, 6 H,
excess.) The reaction mixture was stirred magnetically at room nonequivalent isopropyl methyl groups).
temperature for 5 -8  hr in case of the N-benzyloxycarbonyl de- A n al. Calcd for C20H22N2O6 (386.4): C, 62 .2 ; H, 5 .75 ; 
rivatives, while for the N-i-butyloxycarbonylamino acids the N, 7.25. Found: C ,6 2 .6 ; H .5 .7 6 ; N .7 .4 6 .  
reaction mixture was stirred at 45° for several hours. The mix- p-Nitrobenzyl N-Benzyioxycarbonyl-N-methyl-L-valinate (6).
ture was filtered and the solid washed with a small volume of — One gram (2.6 mmol) of 5 in 8 ml of anhydrous dimethyi-
dimethylformamide. To the filtrate was added approximately formamide was treated with 4 ml (64.8 mmol) of methyl iodide
a fourfold volume of chloroform. The chloroform phase, in and 0.6 g (2.6 mmol) of silver oxide for 5 hr at room tempera-
which a precipitate had formed, was washed twice with 5%  ture. If the reaction was carried out on a larger scale or allowed
aqueous potassium cyanide, several times with water, and was to proceed for longer periods of time, multiple spots were ofc-
dried over magnesium sulfate. The drying agent was removed served upon thin layer chromatography. There was obtained
by filtration and the solvent evaporated in  vacuo. The last from the reaction 0.97 g (93% ) of a light yellow oil: tic R u
traces of dimethylformamide usually present were removed in  o.23, R ib 0 .90; ir (CC14) no absorption 3600-3200, 1730 and 1700
vacuo with an oil vacuum pump at a bath temperature below 40°. ( C = 0 ) ,  1530 ancj 1350 cm -i  (NOs); nmr (DCCb) r  2.25 (center
The methylated products were obtained in good yield as chroma- 0f AB pattern, nitrophenyl, 4 H ), 2.73 (s, 5 H, phenyl), 4.82
tographically homogeneous oils. (s) and 4 .87 (s) (total 4 H , benzyl groups), 5.53 (m, 1 H, a

Methyl N-Benzyloxycarbonyl-N-methyl-L-alaninate (2).— A hydrogen), 7.10 (s, 3 H, N-methyl), 7.78 (m, 1 H, isopropyl
solution of 3 g (13.5 mmol) of 1 in 40 ml of anhydrous dimethyl- methine), 9.05 (pair of d, 6 H, nonequivalent isopropyl protons);
formamide was stirred at room temperature with 7 ml (108 [«]25d —59° (c 1.0, AcOH); parent peak m /e  400, 100%  m /e
mmol) of methyl iodide and 12.5 g (54 mmol) of silver oxide for 9 1 . An analytical sample was prepared by chromatography of
8 hr. There was obtained 3.2 g (94% ) of a clear oil: tic RsA the 0;} on neutral alumina and elution with hexane-ethyl acetate
0.29, R ib 0 .74; ir (film) no NH or OH absorption at 3600-3200, (3 :1 ) .
1725, 1685 cm " 1 ( C = 0 ) ;  nmr (DCCb) r 2.66  (s, 5 H, phenyl), A naL  Calcd for C2,H24N206 (400.4): C, 63 .0 ; H, 6 .05 ; N,
4.85 (s, 2 H, benzyl), 5.25 (s, 1 H , «  proton), 6 .34 (s, 3 H, 6 .98 . Found: C, 62 .7 ; H ,6 .3 1 ; N .6 .9 8 . 
methyl ester), 7 .12 (s, 3 H , N-methyl), 8.61 (d, J  =  7.5 Hz, Methyl N-i-Butyloxycarbonyl-N-methyl-L-alaninate (8).— A
3 H, «-methyl protons). An analytical sample was prepared by mixture of 7 (1.0 g, 5.3 mmol), methyl iodide (2.6 ml, 42.4 mmol),
short-path distillation, bp 110-113° (0.1 mm), [<*]24d —30° (c and silver oxide (4.9 g, 21.2 mmol) in 25 ml of anhydrous di-
1.0, AcOH). methylformamide was stirred at 45° for 5 hr, followed by con-

A n al. Calcd for C i3H17N04 (251.2): C, 62 .2 ; H, 6 .82 ; N, tinued stirring at room temperature for 14 hr. Following work-
5.58. Found: C, 61 .9 ; H ,7 .0 1 ; N ,5 .4 3 . Up 0f the reaction mixture, there was obtained 1.08 g (94% ) of

Treatment of 0.237 g (1 mmol) of methyl N-benzyloxycar- a clear oil; tjc R(a 0 .39, R !b 0 .71 ; ir (CCl,) no OH or NH ab-
bonyl-L-alaninate as above gave 0.20 g (81% ) of an oil indis- sorption 3600-3200, 1735 and 1695 cm “1 ( C = 0 ) ;  nmr (DCCb)
tinguishable chromatographically and spectrally from 2 . T 5.35  (m , 1 H, «  hydrogen), 6.29 (s, 3 H , methyl ester), 7.17

Methyl N-Benzyloxycarbonyl-N-methyl-i.-phenylalaninate (4). (s> 3 h , N-methyl), 8.56 (s, 9 H , i-butyl), 8.63 (d, 3 H , «-methyl
— A solution of 3 (2.0 g, 6 .7  mmol) in 30 ml of anhydrous di- group with one peak of doublet superimposed on peak due to
methylformamide was stirred at room temperature with 1.7 ml ¿-butyl group); [«]26d - 4 0 °  (c 2 .1 , ethanol). An analytical
(27.6 mmol) of methyl iodide and 4.66 g (20.1 mmol) of silver

(10) J. M. Stewart and J. D. Young, "Solid Phase Peptide Synthesis,"
W. H. Freeman and Co., San Francisco, Calif., I960, p 62. (11) H. Schwarz and K. Arakawa, J .  Amur. Chem. Soc., 81, 5691 (1959).
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sample was prepared by short-path distillation, bp 105-108° Conversion of p-Nitrobenzyl N-Benzyloxycarbonyl-N-methyl- 
(20 mm). L-valinate (6 ) to N-Methyl-L-valine.— The hydrogenolysis of 6

A nal. Calcd for Ci0H i9NO4 (217.2): C, 55 .2 ; H, 8 .82 ; N , was carried out following the procedure described by Schwarz
6.45. Found: C, 55 .0 ; H, 8 .70 ; N , 6 .55 . and Arakawa.11 One gram (2.5 mmol) of 6 was dissolved in 20

Methyl N-i-Butyloxycarbonyl-N-methyl-L-isoleucinate ( 10).—  ml of 1:1  ethyl acetate-methanol. To this solution was added
A mixture of 9 (1.0 g, 4.33 mmol), methyl iodide (1.1 ml, 17.3 4.0 ml of 1 A  hydrochloric acid and 0.30 g of 10%  palladium on
mmol), and silver oxide (3.04 g 13.0 mmol) in 20 ml of anhy- charcoal. The reaction mixture was hydrogenated at 15 psi
drous dimethylformamide was stirred at 45° for 18 hr. Work-up of hydrogen for 2 hr. The catalyst was filtered and washed with
of the reaction mixture yielded 1.10 g (98% ) of clear liquid: methanol. To the filtrate was added 5.7 ml of triethylamine
tic R u  0.70, R iB 0 .83; ir (film) no OH or NH absorption 3600- and the solvent was removed in vacuo to  yield a yellow oil. The
3200, 1730 and 1685 cm “1 ( C = 0 ) ;  nmr (DCC1S) r 5.58  (m, 1 H , oil was dissolved in 5 ml of hot water followed by the addition of
a  hydrogen), 6.27 (s, 3 H, methyl ester), 7.16 (s, 3 H, N-methyl), 75 ml of ethanol. The white crystals, which formed upon cool-
8.0 (brd m, 1 H, methine), 8.55 (s, 9 H, 1-butyl), 9 .0 -9 .2  (m, ing, were collected by filtration and allowed to air dry (0.17 g,
8 H,  ̂ isoleucyl group protons); parent peak m /e  259; M 29d 51% ). The solid material obtained was chromatographically
- 86° (c 1 .9 4 ,'EtO H ). An analytical sample was prepared by indistinguishable from an authentic sample of N-methyl-L-
short-pathdistillation, b p 82° (0 .1m m ). valine: [a]3°D - 3 2 °  (c 1.7, 6 N  HC1) flit.3 [«Id +  33° (c 1 6 N

A nal. Calcd for C13H26N 0 4 (259.3): C, 60 .2 ; H, 9 .74 ; N , HC1)|.
5.41. Found: C, 60 .3 ; H, 9 .78 ; N, 5 .75 . Conversion of N-Benzyloxycarbonyl-N-methyl-L-phenylalanine

Methyl N-i-Butyloxycarbonyl-N-methyl-L-valinate (12).—A (12) to N-Methyl-i.-phenylalanine.— A solution of 12 (0.45 g,
solution of 11 (3.0 g, 13.8 mmol) in 40 ml of anhydrous dimethyl- 1 .43 mmol) in 30 ml of 1 :1 ethyl acetate-methanol containing
formamide was stirred with 16.0 g (113 mmol) of methyl iodide 2.2 ml of 1 A  hydrochloric acid and 0.17 g of 10%  palladium on
and 12.3 g (53 mmol) of silver oxide at 45° for 16 hr to yield charcoal was hydrogenated at 18 psi of hydrogen for 2 hr. Treat-
3.19 g (94% ) of 12 as a clear liquid: tic R u  0 .49, R fB 0 .73 ; ir ment as described above for the hydrogenolysis of 6 gave 0.23 g
(film) no absorption 3200—3600, 1730 and 1690 cm 1 ( C = 0 ) ;  (90% ) of a white solid. This material was recrystallized once
nmr (DCC13) r 5.75 (m, 1 H , a  hydrogen), 6.30 (s, 3 H, methyl from water: mo 255-260° dec (lit.3 260° dec); [« ]26d + 4 8 °  (c
ester), 7.17 (s, 3 H, N-methyl), 7.80 (m, 1 H, methine), 8.55 1 .0 ,1  A N aO H ) {lit .3 [«]d + 4 9 .3 °  (c 1 .0 ,1 A N a O H )j.
(s, 9 H , i-butyl), 9.07 (pair d, 6 H , nonequivalent isopropyl Conversion of N-i-Butyloxycarbonyl-N-methyl-L-alanine (15) 
methyl groups); M 24d - 5 1 °  (c 2 .1 , EtO H ). An analytical to N-Methyl-L-alanine Trifluoroacetate—A solution of 13 (107
sample was prepared by short-path distillation, bp 77° (0.3 mg) was allowed to stand at room temperature for 2 hr in 10 ml
mm)- of trifluoroacetic acid. Removal of the solvent in  vacuo yielded

A nal. Calcd for Ci2H 23N 0 4 (245.3): C, 58.8; H, 9 .45 ; N , aclearoil. The oil was dissolved in 3 ml of ethyl acetate followed
5.71. Found: C ,5 8 .7 ; H , 9 .54; N, 5 .95. by the addition of 3 ml of ligroin. White crystals formed within

N-Benzyloxycarbonyl-N-Methyl-L-alanine (13).— A solution minutes upon standing. After cooling, the crystals were filtered,
of 2 (1.5 g, 6 .0  mmol) and 6.2 ml of 1 A  sodium hydroxide in 20 washed with 1 :1  ethyl aeetate-ligroin, and air-dried. There
ml of 95%  ethanol was allowed to stand at room temperature was obtained 140 mg (120% ) of product, mp 135-136.5°, [a ]28D
for 1 hr. The major portion of the solvent was evaporated in  + 5 ° (c 2, EtO H ).
vacuo, after which 15 ml of water was added. The resulting solu- Treatment of N-methyl-L-alanine (Cyclo Chemical) with tri-
tion was cooled and acidified to pH 3 with 1 A  hydrochloric acid. fluoroacetic acid as above gave the same compound: mp
The aqueous phase was extracted three times with ethyl acetate, 135-136.5°; mmp 135-136°; [a] 28d + 5° (c 2 , EtO H ).
following which the organic phase was washed several times with A nal. Calcd for C6HI0F 3NO4 (217.1): C, 33 .2 ; H, 4 .61; 
water and dried over magnesium sulfate. The drying agent was N ,6 .4 6 . Found: C, 33 .3 ; H, 4 .74; N, 6.58.
filtered and the solvent removed in  vacuo to yield 1.13 g (80% ) Methylation of <S-Benzyl-N-i-butyloxycarbonyl-L-cysteine.— 
of an oil that slowly solidified upon standing, mp 5 9 .5 -6 4 .0 ° . The cysteine derivative 16 (0.50 g, 1.6 mmol) was treated with
Recrystallization from benzene-hexane gave white crystals melt- 1.1 ml (17.3 mmol) of methyl iodide and 2.0 g (8.95 mmol) of
ing at 62 .0 -64 .0° (lit.6 6 2 .0 -6 4 .5 °) ; tic R ib 0.45, Rsc 0 .68; nmr silver oxide at 27° for 6 hr as described above in the general pro-
(DCC13) t 2.67 (s, 5 H , phenyl), 4.84 (s, 2 H, benzyl), 5 .2  (m, cedure to yield 0.36 g of a clear oil. Tic showed one ninhydrin-
1 H a-hydrogen), 7.08 (s, 3 H , N-methyl), 8.58 (d, /  =  7.5 Hz, positive spot, RtA 0 .35; however, four spots were visible under
3 H , a-methyl protons); [a]2SD —31° (c 2, AcOH) (lit .6 [a]28D ultraviolet light. Short-path distillation gave 0.18 g of a clear
— 33.1 (c 2, A cO H )}. oil that was shown by tic to still contain small amounts of

N-Benzyloxycarbonyl-N-methyl-L-phenylalanine (14).— A solu- two materials having higher R , values than the major nin-
tion of 4 (2.92 g, 8.9 mmol) and 10.0 ml (10 mmol) of 1 A  sodium hydrin-sensitive material: uv max (cyclohexane) 240 him; nmr
hydroxide in 35 ml of ethanol (room temperature, 2.5 hr) was (DCC13) t 2.61 (weak peak due to impurity), 4.16 (s, 1 H , vinyl
saponified as described above for 13 to yield 2.20 g (79% ) of proton), 4.63 (s, 1 H, vinyl proton), 6.21 (s, 3 H, methyl ester),
an oil that slowly solidified upon standing, mp 65 -7 0 °. Three 6.87 (s, 3 H, N-methyl), 8 .58, (s, 9 H , i-butyl); [a]26n 0° (c 1,
recrystallizations from ethyl acetate-hexane gave crystals melt- EtO H ). Hydrogenation of 17 (120 mg) at 20 psi of hydrogen
ing at 6 7 -71°: tic R ib 0 .45, Rtc 0 .69 ; ir (film) 3400-2500 (car- over platinum oxide (65 mg) at room temperature for 4.5  hr
boxyl OH), 1700 cm “1 ( C = 0 ) ;  nmr (DCC13) r  0.10 (s, 1 H , gave 8 as established by comparison of tic, ir, and nmr data,
carboxyl hydrogen), 2.75 and 2.80 (2 s, 10 H, phenyl groups), N-i-Butyloxycarbonyl-L-serine (18), when treated with methyl
4.92 (s, 2 H , O-benzyl), 5.1 (m, 1 H , a  hydrogen), 6.75 (m, 2 H , iodide-silver oxide in dimethylformamide, yielded results similar 
a-benzyl), 7.21 (s, 3 H, N-methyl); [apD —67° ( c l .8 ,E tO H ). to those obtained above for the corresponding cysteine deriva-

A n al. Calcd for Ci8Hi9N 0 4 (313.3): C, 69 .1 ; H , 6 .11 ; N, t iv e l6 .
4 .47. Found: C, 69 .2 ; H , 6 .04; N , 4 .38.

N-i-Butyloxycarbonyl-N-methyl-L-alanine (15).— A solution
of 8 (0.60 g, 2.77 mmol) and 3 ml of 1 A  sodium hydroxide in 15 Registry N o .—2, 24164-72-5; 4, 24164-73-6; 5,
ml of ethanol was saponified as described for 13 to give 0.37 g 5276-76-6 ; 6, 24164-75-8; 8, 24164-04-3; 10, 24104-
(66 % ) of crystals 05-4; 12, 24164-06-5; 13, 21691-41-8; 14, 2899-07-2;
melting at 89-91 (lit.12 89 ): tic R ib 0.47, Rfc 0.71, ir (film) „ AT’ ■„ , ,
3500-2500 (carboxyl OH), 1725, 1650 ( C = 0 ) ;  nmr (DCC13) 1 5 > 16948-16-6; N-methyl-L-alamnetrifluoroacetate,
t 5.34 (m, 1 H, a  hydrogen), 7.15 (s, 3 H, N-methyl), 8.55 (s, 24164-10-1.
9 H, i-butyl), 8.60 (d, 3 H, a-methyl); [a]26D —29° (c 1.0,

EtS :  Calcd for C9H17N04 (203.2): C, 53.3; H , 8 .42 ; N , Acknowledgment.—This investigation was supported
6.90. Found: C, 53.2; H, 8 .67; N .6 .8 2 . by grants from the U. S. Public Health Service (Na-
~ 7 ~ T % +  ,, _ „ , „  T . , „  tional Cancer Institute, Grant No. CA 10653) and the(12) S. L. Portnova, V. F. Bystrov, V. I. TestUn, V. T. Ivanov, and Yu. . ' ,
a . Ovchinnikov, z h .  O s h e h .  K h i m . ,  as, 428 (1968). U ta h  S ta te  U n iv e rsity  R e se a rch  C ouncil.
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(S )-13-H ydroxy-cis-9,trans-ll-octadecadienoic Acid Lactone, 
a 14-M em bered-Ring Compound from  M o n n in a  e m a r g i n a t a  Seed Oil

B ruce E .  P hillips, la Cecil R. Smith, J r ., a n d  L a r r y  W. T j a r k s

Northern Regional Research Laboratory , lb P eoria, Illinois 61604 

Received October 8, 1969

The oil extracted from M onnina emarginata seed contained 4%  (S)-13-hydroxy-CTi-9,frart,s-ll-octadecadienoic 
acid lactone, coriolide, a 14-membered-ring lactone. Mass spectra of the hydrogenated lactone and the derived 
methyl ester established that the heterocyclic oxygen was bound to C-13 of an 18-carbon acid. Ozonolysis of the 
methyl dienoloate from the lactone demonstrated that the conjugated diene group involved carbons 9-12. The 
nmr spectrum verified the cis,trans configuration of the diene system as well as the proximity of the carboxylate 
oxygen to the C-13 proton. The plain-positive optical rotatory dispersion curves of the coriolide, the correspond
ing saturated lactone, and the derived methyl ester indicate they each have an S  configuration.

A large number of 7 - and 5-lactones have been isolated the related acyclic c i s , t r a n s  dienolatesA6 The lack of
from the bark, leaves, and roots of many varieties of any significant proton magnetic resonance absorption
plants and other natural sources. However, the between r 4.8 and 7.2 (Figure 2) clearly indicated that 
authors know of only one large-ring lactone that has the material isolated by thin layer chromatography
been isolated from seed oil and described. 2 In 1927, could not be an alkyl ester or glyceride. The optical
the lactone of 16-hydroxy-7-hexadecenoic acid was ob- rotatory dispersion curve of the lactone was plain 
tained in small amounts from the musk-scented seed oil positive between 600 and 255 mp. 
of H i b i s c u s  a b e l m o s c h u s  L . 3 We wish to report the (rij-CorioIide (1) readily added 2 mol equiv of H2 in 
isolation of the lactone of a 13-hydroxyoctadecadienoic the presence of Pd-C, Scheme I. The elution times of
acid from the seed oil of M o n n i n a  e m a r g i n a t a  (Poly- the hydrogenated lactone (3) were near that of methyl
galaceae), a plant native to Uruguay. Chemical and stearate on hydrocarbon and polyester gas-liquid chro-
physical examinations of the 14-membered-ring lactone matographic columns. A mass spectral analysis of the
have demonstrated that it has the S  configuration4 and reduced lactone found the molecular ion peak to be m/e
that the derived methyl ester is the enantiomer of the 282 as expected for a lactone of hydroxystearic acid,
methyl (R)-coriolate [methyl (i?)-13-hydroxy-m-9,- The principal high-molecular-weight fragments were
írons-11-octadecadienoate] isolated and characterized m/e 264 resulting from the loss of the elements of water;
by Tallent, e t  a l . , s and by Powell, e t  a l .6 m / e  211 derived from the cleavage of the C-13,C-14

Although the lactone, ($)-coriolide (1), was only  ̂ O
slightly separated from the nonpolar triglycerides by bond producing [CH(CH2)nC=0]+; and m / e  182
thin layer chromatography in petroleum ether-ethyl arising from the losg of c 6H120  by cleavage between
ether (4:1), it had a mobility approximately twice that C _ 1 2  and C-13 to give [(CH2)uC =0]+. The remain-
of the least polar glycerides in benzene and was thus j^g j0n fragments are common to long-chain esters. 10

obtained in amounts equivalent to 4% of the oil. The Thus the hydroxyl is bound to C-13 of an 18-carbon
infrared spectrum of the low-melting solid had two acid. Furthermore, the chromatographic retention
notable features. a normal ester or lactone absorption times and the mass spectrum of 3 preclude the presence
at 1745 cm a conjugated c i s , t r a n s  diene absorption 0f appreciable amounts of dimers or other polymeric 
in which the 982-cm 1 band was of reduced intensity forms of 13-hydroxystearic acid and, thereby, of
and v  as broadened considerably in comparison to that coriolic acid in the lactone fraction. The optical
of the derived methyl dienoloate (Figure 1)7 The ab- rotatory dispersion curve of 3 , like that of 1, was plain
sorptions between 1100 and 1250 cm“ 1 show more fine positive between 600 and 250 mg.
structure than is normally observed for long-chain Sodium methoxide catalyzed transmethylation of 
esters8 or glycerides. 9 The presence of a conjugated the lactone from the seed oil produced 2 , which had the
diene chromophore was also indicated by the ultraviolet same thin layer chromatographic mobility as methyl
absorption maximum at 234 m u ,  although the molar 13-hydroxy-cts-9,irans-ll-octadecadienoate. The in-
absorptivity was somewhat reduced in comparison to fraredj ultravioiet) and nmr spectra Gf the ester were

(1) (a) P o s td o c to ra l R esearch Associate , J968 -1 9 7 0 ; (b ) N o rth e rn  Comparable to those of methyl coriolate" The hy-
U t i l iz a t io n  Research a n d  D e v e lo p m e n t D iv is io n , A g r ic u ltu re  Research u T O X y  ester 2 WRS O Z O n iZ P C l, and the products Were
service, u. s. Department of Agriculture. identified as described by Kleiman, e t  ah1 1 ,1 2  A  six-

(2) F o r  a n  ex te n s ive  re v ie w  o f  u n u su a l f a t t y  ac ids  fo u n d  in  p la n ts , see C . l  1 1 . 1  .  i  lo a frf \ „  ___ „  i 1  
R .  S m ith , J r., " T h e  C h e m is try  o f F a ts  a n d  O th e r  L ip id s ,”  R  T .  H o lm a n , C a r b o n  a l d e h y d e  ( 3 6 % ) ,  a  S e v e n - C a r b o n  h y d r O X y a l d e -

E d .,  P e rga m on Press, O x fo rd , in  press; i .  a . W o lf f,  Science, i b «, 1 1 4 0  h y d e  ( 2 2 % ) ,  a  n i n e - c a r b o n  a l d e h y d o  e s t e r  ( 2 4 % ) ,  a n d  a

(19,66 ); ,  , n i n e - c a r b o n  d i e s t e r  ( 1 8 % )  w e r e  t h e  m a j o r  p r o d u c t s .
(3) M . K e rsch b a u m , Ber., 60, 902 (1927), a n d  references c ite d  th e re in . m i  • , i  v  1 , • n
(4) R. s. Cahn, j . Chem. E du c., «i, 1 1 6  (1964), and references cited Thus the conjugated dienol group must comprise C-9

therein. through C-13 of a Cis acid. The formation of a six-
t  j® J 29” [9™ ent' Harris’ A-Wolff' and R- E- Lundin' T etrahedron  carbon aldehyde and a seven-carbon hydroxyaldehyde

(6) R . G . P o w e ll, C . R , S m ith , J r.,  a n d  I .  A . W o lf f,  J. Org. Chem., 32, 1442
(1967). (10) R . R yh a g e  a nd  E . S tenhagen, Ark. Kemt, 15, 545 (1 9 6 0 ); R . R y h a g e

(7) J. R .  C h ip a u lt  a nd  J . M .  H a w k in s , J. Amer. Oil Chem. Soc,, 36, 5 3 5  a nd  E . S tenhagen, in  “ M ass S p e c tro m e try  o f O rg a n ic  Io n s ,”  F . W . M c L a f -
(1959). fe r ty ,  E d ., A ca d e m ic  Press In c .,  N e w  Y o rk ,  N .  Y . ,  1963, C h a p te r  9.

(8) R .  N .  Jones, Can. J. Chem., 40, 301 (1962). (11) R . K le im a n , G . F . Spencer, F . R . E a rle , and I .  A . W o lf f,  Lipids, 4,
(9) F . D .  G u n sto n e , ‘ ‘A n  In tro d u c t io n  to  th e  C h e m is try  a nd  B io c h e m is try  135 (1969).

o f F a t ty  A c id s  a n d  T h e ir  G lyce rid e s ,”  C h a p m a n  a nd  H a ll L td . ,  S u ffo lk , (12) G . F . Spencer, R . K le im a n , F . R . E a rle , a nd  X. A . W o lf f,  Anal. Chem..
1967, p 44. 41, 1874 (1969).
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1 The specific rotation, [a]26-530o +103° (c 0.14,
Figure 1.— Infrared spectra of (o)-13-hydroxy-m-9,¿m ns-Il- , N £  ̂ * i . .  *j i * ,

oetadecadienoic acid lactone i(S)-coriolide] and the derived hexane), of 2 was comparable m magnitude but oppo-
methyl ester in carbon tetrachloride (10% ) between 1350 and Site m sign, to that observed for methyl { R ) ~  13-hydroxy-
920 cm-1 . cis-9,irans-ll-octadecadienoate. 6 ’ 1 4 ' 15 Therefore, the

hydroxy ester derived from the lactone and the lactone 
requires that the hydroxyl be bound to C-13. Ozonoly- itself have the S  or l configuration. 14 Methyl (S)-9-
sis of the coriolate isolated by Tallent, e t  ah, 1 2 ’ 18 yielded hydroxy-irans-10drans-12-octadecadienoatc (methyl di-
a similar group of compounds. The observed nmr morphecolate), although a member of the d family of
coupling constants (Table I) indicate that the t r a n s  hydroxy acids, likewise has a plain-positive optical

rotatory dispersion curve between 275 and 589 m^ . 16 

T ABee I  This similarity is as expected since the hydroxyls of
Spin-S pin Coupling Constants Observed in methyl dimorphecolate and of the ester from the lac-

Nmr Spectra tone have the same effective stereochemical arrange-
corioiide Methyl coriolate ment near the active chromophore. 17

( la c to n e ) (h y d ro x y  ester) The dienoloate derived from the lactone also ab-
J s ,a ~ 4  8 sorbed 2 mol equiv of hydrogen. The R ¡  of the hy-
J  9,io 11 10 .5
/ 10)U 1 0 .5  1 0 .5  (14) C . R . S m ith , J r .,  in  “ T o p ic s  in  L ip id  C h e m is try ,”  V o l. I ,  F .  D .  G u n -
j  14 5 14 5 stone, E d ., Logos Fress, L o n d o n , in  press.

11,12 * « (15 ) U n p u b lis h e d  re s u lts  o f th is  la b o ra to ry  h a ve  d e m o n s tra te d  th a t
"  12,13 ^  m e th y l c o r io la te  has n e a rly  th e  sam e O R D  c u rv e  in  e ith e r  hexane o r  m e th 

a n o l b e tw e e n  285 a n d  600 rn.fi.
, , , , ,  , , .-i -i i i  (16) T .  H . A p p le w h ite , R .  G . B in d e r, a n d  W . G a ffie ld , J, Org. Chem., 32 ,

double bond must be situated between the hydroxyl 1 1 7 3 (1 9 6 7).
group and the CIS double bond. 5 (17) (a) C . D je ra ss i, “ O p tic a l R o ta to ry  D isp e rs io n  a n d  C irc u la r  D i -

ch ro ism  in  O rg a n ic  C h e m is try ,”  G . S n a tzke , E d .,  H e y d e n  a n d  Son, L o n d o n , 

(13) W . H . T a lle n t,  J. H a rr is ,  G . F . Spencer, a nd  I .  A . W o lf f,  Lipids, 3 , 1967, C h a p te r  2 ; (2) A . M o s c o w itiz , re f  17a., C h a p te r  3 ; (c) E . U .  C o ndon ,
425 (1968). W . S e ta r, a n d  H . E y r in g ,  J. Chem. Phys., 5 , 753 (1937).

An Octadecadienoic A cid L actone J .  Org. Chem., Vol. 35, No. 6, 1970 1917



droxystearate 4 was comparable to that of methyl 13- octadecadiene (24.7 X 10s) has been observed.21 Such
hydroxyoctadecanoate and appreciably greater than diminutions in absorptivity have frequently been
that of the 9-hydroxy isomer.18 The mass spectrum ascribed to the nonplanarity of the ground-state form
of the hydrogenated ester was as expected for methyl of the conjugated systems.22 -26 In a study of two
13-hydroxystearate.10 Cleavage on each side of the series of methylated aromatic carbonyls, Braude,
hydroxy-bound carbon produced the prominent high- e t  a l . , n  correlated the dipole moments of these com-
molecular-weight fragments, m/e 243, [CH(OH)(CH2)n- pounds with losses of coplanarity of the carbonyl and
C02CH3]+,andm/e214, [(CH2)iiC02CH3]+. Theother phenyl groups. Corresponding with the changes in
major, high-molecular-weight ion, m / e  211, was derived dipole moments were decreased molar absorptivities.
from the m/e 243 ion fragment by the loss of the ele- Although Hubert and Dale21 say the diene group of the
ments of methanol.10 cyclotetradecadiene is planar, the Braude relationship

In view of these results, the lactone obtained from (cos20 == eobsd/eo)24 suggests that the two double bonds
the oil of M .  e m a r g i n a t a  seed must be derived from of coriolide and those of the cyclic diene are slightly
13L-hydroxy-cfs-9,irans-ll-octadecadienoic acid. The twisted, 19 and 16°, respectively, from coplanarity,
nmr spectrum of the lactone (Figure 2) is in agreement The models of the lactone with the least nonbonding
with the assigned structure. The C-13 and C-9 pro- interaction between neighboring hydrogens also re
tons were shown to resonate at r 4.58 and 4.56, respec- quired that the conjugated diene be distorted from
tively, by irradiation at r 8.5 (C-14 protons). The planarity. However, the diene group of the coriolide
C - 1 3  proton (H -C-0-) absorbed about 20 cps further models could easily be made coplanar by a slight
downfield than the y  protons of 2-pentenoic acid y-lac- rotation of several of the carbon-carbon bonds in the
tone (/3-angelic acid) and the bisbutenolide of P t e r o -  ring. Hubert and Dale21 noted that the cyclotetra-
g o r g i a  a n c e p s P  The larger shift observed for the decadiene is the “ smallest one (cyclic diene) for which
coriolide could be caused by the close proximity of the a practically strain-free molecular model can be con-
carboxyl oxygen and the accompanying sp2-electron structed having all single bonds staggered and the
cloud of the carboxylate to the C-13 proton. Both the correct stereochemistry26 about the planar c i s - t r c m s

resonance frequency and spin-spin coupling constants diene grouping.”
of the C-12 and C-13 protons differed significantly from A correlation between Cotton effects in optical 
those of the open-chain ester (Table I and Figure 2). rotatory dispersion curves or circular dichroism mea-
While models of the lactone can be made to take a surements and the stereochemistry of a large number of
variety of conformations, including several with the sp2 y -  and 6-lactones has been made by Jennings, e t  a l . ‘a  

oxygen of the carboxyl group directed toward the center Beecham28 has likewise posited a relationship based on
of the ring, there is only one general type of conforma- the “ chirality of the lactone ring” rather than the
tion without eclipsed C-H bonds and with the carbonyl lactone sector rule. While extrapolation from a six- 
oxygen directed outside the ring. Models of the lactone membered ring to a 14-membered one is fraught with
(Stuart-Briegleb and Dreiding type) in this conforma- difficulties, it is noteworthy that most of the best
tion require that the carboxyl sp2 oxygen bond be es- model of (B)-coriolide and the reduced lactone (3)
sentially parallel to the C-13 C-H bond and e x o  to the fall in or near one of the positive lactone sectors27
ring with the oxygen between 2.5 and 2.0 A from the and has a ring chirality, as defined by Beecham,28 
C-13 proton. In addition, both of the C-H bonds at that predicts a positive Cotton effect. Further, if the
C-8 are found on the e x o  side of the plane of the C-9 observation of Klyne, e t  a l . , M that a plain positive
double bond. This conformation is consistent with the curve precedes a positive Cotton effect holds for large-
observed infrared and nmr spectra. ring lactones as well as those with smaller rings, then

If the C-9 proton signal is indeed in the form of a (*S')-coriolide appears to effect the same type of optical
doublet of triplets as shown in Figure 2, the dihedral rotatory dispersion as has been observed for the small-
angles between the two C-8 protons and the C-9 proton ring lactones.
would be expected to be either equal (c a . 55 or 125°) or The magnitude of rotation of 3 is 60-70% of that of 
approximately 35 and 145°.20 A model of the lactone (S)-coriolide and is of the same sign in that portion of
can be constructed most easily with the latter con- the spectrum which is accessible to us. In 1, the ring
formation. Irradiation at r 4.62 (C-9 and C-13 pro- with its twisted diene grouping may constitute an
tons) simplified the triplet centered at r 4.03 (C-10 inherently dissymmetric chromophore, but apparently
proton) and the quartet at r 4.34 (C-12 proton). Thus the n —►  i r *  transition of the lactone grouping makes a
the protons of t h e  l a c t o n e  h a v e  r e s o n a n c e  frequencies greater contribution to the observed optical activity
similar to those of methyl coriolate.6 The coupling 0f i than do transitions associated with the diene
constants of the vinyl protons (Table I) further sub- chromophore.
stantiate the geometric configuration assigned to the 
lactone.

The absorptivity of the diene chromophore of the (21) A. J. Hubert and J. Dale, J .  Chem . Soc., 6674 (1965); 4091 (1963).
lactone is c a .  90% of that of the related acyclic ester. (22) A- de Groot' B’ Evenhuis, and H. Wynberg, J .  Org. C hem ., 3 3 ,  2214

A., . .. . « (1968), and references cited therein.
Similar difference between the absorptivity of the (23) E. A. Braude, F. Sondheimer, and W. R. Forbes, N ature, 173, 117 

cyclotetradecadiene (22.8 X 103) and that of the cyclo- (19 5 4).
(24) E. A. Braude, Chem . In d .  (London), 1557 (1954).
(25) A. T. Blomquist and A. Goldstein, J .  A m er. Chem . S oc ., 77, 998 

(1955).
(18) L. J. Morris, D. M. Wharry, and E. W. Hammond, J . Chrom atogr., (26) J. Dale, J .  Chem . S oc., 93 (1963).

33, 471 (1968). (27) J. P. Jennings, W. Klyne, and P. M. Scopes, ib id ., 7211 (1965).
(19) F. J. Schmitz, K. W. Kraus, L. S. C iereszk o , D. H. Sifford, and A. J. (28) A . F. Beecham, Tetrahedron Lett., 3591 (1968).

Weinheimer, Tetrahedron  Lett., 97 (1966). (29) W. Klyne, P. M. Scopes, and A. Williams, J .  Chem . S oc., 7237
(20) M. Karplus, J .  Chem . P hys., 30, 11 (1959). (1965).
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Experimental Section (CC14, 1% ) was qualitatively the same as that of the unsaturated
lactone, except for the absorptions normally associated with the

Thin layer chromatographic analyses and separations utilized olefinic groups (3010, 983, and 948 cm “1). The reduced lactone, 
0.25- or 1.0-mm layers of silica gel G30 in benzene (solvent A) which had an eel of 17.6 on the Apiezon L  column and of 18.6 on
or petroleum ether (bp 40-60 °)-ethyl ether (2: i ;  (solvent B ). the R-446 column, was more than 99%  pure by glpc. The mass
Preparative tic plates were sprayed with 0 .2%  (w /v) solutions of spectrum (70 eV ) of the saturated lactone was m /e  (relative in-
2',7''-dichlorofluorescein in 95%  ethanol, and the products were tensity) 282 (3), 264 (24), 211 (28), 182 (23), 125 (13), 111 (19),
located by viewing under a uv lamp. Analytical tic plates were 98 (39), 83 (43), 71 (19), 55 (100); ORD, [a]“ A®, + 2 0 °  (c 0.36,
sprayed with C r0 3-H 2S 0 4-H 20  (2 :4 9 :4 9 , w /v /v ) and heated to methanol), [<*]6M + 2 5 , k U  + 2 9 , [<*]«<> + 3 8 , k ] w„ + 5 0 , [a]360
120-140° for 30 min or placed in an I2 chamber to locate the spots. + 7 1 , [a ]300 + 1 1 2 , [a J260 + 2 6 7 ° .
Ir spectra were determined with a Perkin-Elmer Infracord Model Transmethylation of Lactone.— (S)-Coriolide (18 mg) was 
337. Uv spectra were obtained in hexane with a Beckman DK- mixed with 1.0 ml of 0.5 M  NaOCH3 in CH3OH at 24° and al-
2A spectrometer. Nmr spectra were measured in deuterio- lowed to stand with occasional shaking for 45 min. After dilu-
chloroform solutions with a Varian HA-100 spectrometer and tion with 4  ml of salt water, the base was neutralized with dilute
tetramethylsilane as an internal standard. The ORD curve and sulfuric acid. The products were extracted from the aqueous
specific rotation were obtained with a Cary Model 60 recording methanol with ether, and the extract was dried with anhydrous
spectropolarimeter. A Nuclide 12-90 G mass spectrometer was Na2S 0 4. Evaporation of the solvent yielded 19.2 mg of oil.
used to obtain the mass spectra. . Glpc analyses were made on a Tic of the oil in solvent B indicated two products: unreacted lac-
Packard 7401 gas chromatograph equipped with dual glass col- tone (R i 0.65) and a hydroxy ester (R , 0 .35) with a mobility
umns and flame ionization detectors. One column (356 X  0.6 identical with that of methyl 13-hydroxy-as-9,<rarw-ll-octade-
cm) was packed with 5%  LAC-2-R-446 on Chromosorb W, cadienoate. Preparative tic (0.25-mm plate) in solvent B  sepa-
acid w'ashed, DMCS treated, and the other column (122 X  0.6 rated the hydroxy ester (13 mg) from the lactone (3.4 mg). The
cm) was packed with 5%  Apiezon L  on Chromosorb W, acid ester 2 had spectral properties essentially identical with those of
washed, DMCS treated. Retention times are expressed as equi- known methyl coriolate:6'6 ir (CC14, 10% ) 3615 (sharp), 3500
valent chain lengths (eel) .31 (broad), 3005 (sh), 2920 (s), 2850 (s), 1735 (s), 1450 (m), 1430

Isolation and Chromatographic Properties of Lactone 1 —  (m), 1410 (w), 1370 (sh), 1360 (m), 1245 (m, broad), 1195 (m),
Ground M . emarginata seed and pericarp were extracted with H 7o (m), 1015 (w, broad), 982 (m), 948 (m) cm “1 (the ratio of
petroleum ether (bp 4 0-60°) in a Soxhlet extractor. Evaporation the 982-948-cm -1 absorptivities was 1.22 in agreement with
of the solvent left a light yellow oil in amounts equivalent to 20%  the value reported by Chipault and Hawkins7); uv max (hexane)
of dry seed. Portions of the oh were chromatographed on 1.0- 234 mM (e 26.3 X  103); nmr spectrum comparable to that re-
mm plates in solvent B . The triglyceride-lactone band ported by Tallent, et a l . f  k ] 26+oo + 1 0 3 °  (c 0 .14, hexane).
(R i 0 .6) was scraped from the plates and eluted from the silica Hydrogenation of Dienoloate— The transmethylation prod- 
gel with hexane-ether (1 :1 )  to give a mixture of glycerides and Uct, 8.8  mg (2.9 X  lO“5 mol), absorbed 1.3 ml of H2 (5.3 X  10“5
lactone in amounts equivalent to 63 .4%  of the seed oil recovered mol) at 24° under the conditions used to reduce the lactone. The
from the tic plates. Rechromatography of the nonpolar glycer- resulting white solid (4), mp 4 9-50°, was found by glpc on the
ide-lactone mixture in benzene (1-mm plates) separated the lac- R-446 column to be a mixture of methyl hydroxystearate, eel
tone (Rt 0 .5) from the glycerides (Ri 0 .2 -0 .3 ). The lactone con- 24.8 (85% ), and methyl ketostearate, eel 24.0 (13% ).13 The
stituted 6 .5%  of the glyceride-lactone mixture or 4%  of the mobilities of the hydrogenation products in solvent B , Ri 0.33
recovered, fractionated seed oil. The lactone had the following and 0.56, were identical with those of methyl 13-hydroxy-
properties: m p 3 9 .5 -4 2 °;ir(C C l4, 10%, and neat) 3010 (sh), 2935 stearate and methyl 13-ketostearate, respectively. Methyl 9-
(s), 2855 (s), 1740 (s), 1465 (m), 1445 (m ), 1370 (m), 1345 (sh), hydroxystearate had an Ri of 0 .22 . The prominent ion frag-
1275 (w), 1245 (m), 1229 (m), 1206 (m), 1178 (m), 1135 (sh), ments in the mass spectrum (70 eV) of the reduced hydroxy ester
1116 (m), 983 (m), 948 (m) cm “1 (The ratio of the intensities of were m /e  (relative intensity) 264 (8 ), 241 (41), 214 (49), 211
the 983-948-cm -1 bands was 1.03; Chipault and Hawkins7 (84), 175 (10), 171 (18), 143 (27), 87 (67), 55 (83), 18 (100).
gave a ratio of 1.20 for acyclic eis.trans dienes); uv max (hexane) Fragments associated with methyl 13-oxooctadecanoate10 were
234 m>i (e 23.3 X  103); [a]24D + 3 2 °  (c 2 .56, hexane); ORD, observed also.
k ] 26'5589 + 2 7 °  (c 1.06, methanol), [ a ] 550 + 3 2 , [ a j ,-,00 + 4 0 , [<*]46o Ozonolysis of Methyl Dienoloate.— The methyl dienoloate (1 
+ 5 3 , [ a ] 4oo + 7 3 , [ a ] 35o + 1 0 4 , [a]3oo + 1 8 4 , [ a ] 2oo + 3 2 3 ° . Perti- mg) was ozonized for 2 min (>  11 X  10-6 mol of ozone/min) at
nent part of the nmr spectrum is displayed in Figure 2; glpc on room temperature in 5 ml of CH3OH. The methanol solution
LAC-2-R-446; eel (relative amounts), 21.1 (36-48% ), 21.4 (56- (15 Ml) was then injected directly on the glpc columns, and the
46% ). The cause of the apparent isomerization during glpc products were identified as described by Kleiman, et of.11'“  The
analyses is unknown. averaged mole percentages of the four principal products (90%

Hydrogenation of Lactone.—A 21.0-mg sample of coriolide 0f peak areas) were C6 aldehyde (36% ), C7 «-hydroxvaldehyde
(7.5 X  10“5 mol) absorbed 3.66 ml of H 2 (15.1 X  10~5 mol) over (22% ), C9 aldehydo ester (24% ), and C9 diester (18% ).
10% Pd-C  in hexane at 24° and atmospheric pressure. The bulk
of the catalyst was removed by centrifugation. The supernatant Registry No.-— 1, 24058-12-6; 2 ,  24058-13-7.
liquid was chromatographed on a 0.25-mm layer of silica gel with
benzene, and the band due to the lactone 3 was removed. The Acknowledgment. We thank Air. It. G. Powell and 
uv spectra of the recovered lactone (15 mg) did not show any Air. K. L . Mikolajczak for a sample of methyl 9-
maximum at 233 mu or at longer wavelengths. The ir spectrum hydroxystearate and for the ORD measurement and Dr.

(30) The mention of firm names or trade products does not imply that . K. Rohwedder for the maSS Spectra. Mr. G. F.
they are endorsed or recommended by the U. S. Department of Agriculture Spencer Carried OUt the OZOndysis. Seeds Were fur-
0V%,“Û r;i.r, ':s; o r a t a w , * .  , nishedby Dr. Q. Jones, Corps Research Division, U. S.(31) T. K. Muvffi, K. L. Mikolajczak, F. R. Earle, and I. A. Wolff, Anal. J  7“ . ’ ft ’
Chem ., 3 2 , 1 7 3 9  (1 9 6 0 ). Department of Agriculture, J3eltsville, Md.
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Enzym ic Dehydrogenation of the Lignin Model Coniferaldehyde

W. J .  C onnors, C.-L. C hen, and J .  C. Pew

Forest Products Laboratory,1 U. S. Department o f  Agriculture, Forest Service, M adison, W isconsin 58705
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The lignin model fnms-coniferaldehyde (1) was dehydrogenated in aqueous solution by peroxidase and H20 2.
Three new dehydro dimers, 2 ,3-diformyl-l,4-di-5-guaiacylbuta-l,3-diene (3), a-(4-/3-formylvinyl-2-methoxy- 
phenoxy)coniferaldehyde (4), and a-(5-j3-formylvinyl-2-hydroxy-3-methoxyphenyl)coniferaldehyde (5), were 
isolated. Their significance is discussed, and their nmr and mass spectra are reported.

irans-Coniferaldehyde (1) is considered one of the ported, but only the polymer formed was analyzed.6
genuine monolignol precursors of lignin. I t  has been For these reasons we decided that it was important to
found in the cambial sap of various species of trees, and investigate the low-molecular-weight products formed
its incorporation into the lignin macromolecule has in the dehydrogenation reactions of 1 using peroxidase
been demonstrated spectrally.2'3 I t  has been shown to enzyme and hydrogen peroxide in aqueous medium.

Three dimers, 3, 4, and 5, were isolated from the de- 
OH hydrogenation reaction mixture. A low level of in-
JL corporation of dimers of this type could well take place

?  | |J OCH3 in natural lignin and thus with 1 contribute to the color
J  CH(Ty ° f lignin. Tic analysis of the whole dehydrogenation

f  I* J  mixture at any one time showed residual 1 and dehydro
f Y  dimers 3, 4, and 5 to be the major low-molecular-weight

L j i — 0CH3 r ^ i  (--HO compounds, 3 being the predominant dimer. Deter-
t  mination of the yield of dimers cannot be readily under-

OH taken owing to the extreme susceptibility of the com-
1, R = CHO OH pounds to continued oxidative polymerization. Tri-
2, R = CH,OH 3 mers and higher oligomers were undoubtedly formed in

the dehydrogenation reaction but have not been iso- 
CHO ? CH:) I lated. Neither the o,o'-dihydroxybiphenyl (6) nor the
jl r = \  CHO o-hydroxy diphenyl ether (7) was detected in the reac-

p 0 —£ b — R' T I tion mixture, although analogous compounds have been
\ prominent products formed in the enzymic dehy-

r  J j  0CH i .  \ —/  drogenation reactions of lignin model phenols with
3 [  Jl HO OCH,

0R Y K och3 f
4 ,R  =  H,R' =  CH=CHCHO OH J v

14, R =  OCH3, R' =  H 5 r  j r ~  3

R R R , o J
X X  i  H2C ch

\  M l  [ j  / = \  HC-----CH
H3CO OCH, H3CO— — 0— ^  />— R I I

I T  T  f —7  HC^ CH2
0H 0H OH 0CH3 X

6, R = CH=CHCHO 7,R = CH=CHCHO „  rn _ f  J
8, R = CH=CHCH,OH 9, R = CH=CHCH2OH '

10,R = CH2CH2CH2OH ¿ h

be responsible for many color reactions in lignin, and CH 0H
it has often been reported among the monomeric prod- |
ucts from lignin hydrolysis. When irons-coniferyl HC
alcohol (2) was converted to an artificial lignin by the II CH2OH
action of air and oxidative enzymes, 1 was among the H9 ¿H
monolignols formed in the reaction, and its incorpora- H2COH J. H2COH /
tion into dilignols and subsequently into the artificial J ,___ f  I j |1 CH
hgnin has been demonstrated.2-4 The dehydrogena- j y - 0 ® 3 HC— °
tion of 1 by phenol oxidase and air has also been re- HC____ 0 HCOH och

(1) Maintained at Madison, Wis., in cooperation with the University of J.
Wisconsin. |1 i ' l l

(2) K. Freudenberg and A. C. Neish, “Constitution and Biosynthesis of H3CO— Jl L Jl OCH
Lignin,” Springer-Verlag, New York, N. Y., 1968. | 3

(3) J. M. Harkin in “Oxidative Coupling of Phenols,” W. I. Taylor and I
A. R. Battersby, Ed., Mareel Decker, Inc., New York, N. Y., 1967, Chapter OH OH
6- 12 13

(4) F. E. and D. A. Brauns, “The Chemistry of Lignin,” Suppl. Vol., ____________
Academic Press Inc., New York, N. Y„ 1960. (5) K. Freudenberg and W. Heimberger, Chem. Her., 83, 519 (1950).
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Scheme 1“

CHO CHO "|t

- fH  * DocC
JH JH J b, m/e 124 c’ m/e230

3, M+, m /e 354 . -CO

J \ ™ 0'

+CH2l t  ¡HTO. ^
1  Cl9Hl7° 5 Y Y ^ h c H O

m /e 325
h 3c o — L  J  L J

m /e 202

OH.
a, m /e 137

° Transitions substantiated by an appropriate metastable peak are indicated by an asterisk.

saturated side chains.6-9 Dimers with biphenyl (8) This was indicative of the presence of a 3 , 3  linkage 
and diphenyl ether (9) bonds were not isolated from the and compatible with the structure proposed for this 
enzymic dehydrogenation mixture of coniferyl alcohol compound. The mass spectrum (Figure 1, Scheme I) 
2, but the tetrahydrobiphenyl compound 10 was isolated exhibited a very prominent ion peak at m /e  137 (a),1011 
after hydrogenation of the reaction mixture, and car- which is ascribed to the highly characteristic benzyl ion 
boxylic acids indicating the presence of biphenyl and radical. The m/e. 137 (a) peak is also prominent in the 
diphenyl ether bonds have been isolated from the deg- mass spectra of 4 and 5, and the analogous peak at m /e  
radation of methylated spruce lignin.2-3 151 is prominent in the spectra of 14. As indicated by

Pinoresinol (11), dehydrodiconiferyl alcohol (12), a metastable peak at 149.5, the molecular ion lost a 
and guaiacylglycerol-/3-coniferyl ether (13) were among neutral fragment corresponding to b to give the ion at 
the major dehydro dimers formed from 2 : they have m /e  230 (c).
also been found in the cambial sap of spruce and other Compound 4 gave a rather complex nmr spectrum, 
trees as well as appearing among lignin hydrolysis However, application of double-irradiation technique
products.2-3 It has been postulated that these come resulted in decoupling the one-proton quartet with
about first through the coupling of mesomeric forms of resonance center at 5 6.60, the one-proton doublet at
the phenoxyl radical, followed by the addition of a h 7.37, and the one-proton doublet at <5 9.65. This re
nucleophile onto the intermediate quinone methide.2 vealed the presence of an ABX  system on one ring
With 13, the nucleophile is water, and an arylglycerol-/?- (Ar— CHA= C H B— CHx O) with coupling constants
aryl ether is formed; with 12 and 13, intramolecular ,/AB = 15.8 Hz and J BX = 7.8 Hz. A one-proton
nucleophilic addition takes place to give, respectively, singlet at 5 9.44 therefore indicated substitution on the
the ditetrahydrofuran ring and the phenylcoumaran /3 carbon of the formylvinyl side chain on the second
ring. ring. The singlet vinyl proton was not detectable in

With compounds 3, 4, and 5, however, the aldehydie 4 nor in compound 14, and was thus apparently shifted
side chains comprise a conjugated cr,/3-enone system, upheld into the very complex aromatic region in the
and the intermediate quinone methides must rearrange spectrum of both compounds. After deuterium oxide
to stable phenol forms through loss of the acidic proton treatment, the m/e of the molecular ion and ions d and
from the carbon a  to the carbonyl, followed by re- g were increased by 1 mass unit, and the deuterium ex-
aromatization and protonation of the phenoxyl anion change ratio was calculated to be 45% for the three
to give the dimeric compounds. ions. The compound, therefore, had only one hydroxyl

Compounds 3, 4, and 5 were all shown by mass spec- group. The uv spectrum in ethanol showed maxima at
trometry to have the molecular formula C2oH180 6. The 243, 312, and 345 nm. When sodium hydroxide solu-
uv and ir spectra of these indicated that each had tion was added, it produced a bathochromic shift to
phenolic hydroxyl and conjugated carbonyl groups. give maxima at 309, 334, and 421 nm. The conifer-

The nmr spectrum of 3 showed two two-proton sin- aldehyde ether chromophore had a maximum c a .  340
glets at 5 7.77 and 9.66 indicating two C H = C — CHO nm. All of these data are compatible with structure
groupings, as well as the six-proton methoxyl peak at 5 4. The mass spectrum (Figure 1, Scheme II) showed
3.68 and the aromatic protons with resonance centers two fragmentation patterns. The ether cleavages of
at 6 6.81 (d, 2, J  = 8.2 Hz), 7.21 (m, 2, -/ = 8.2 Hz, the molecular ion produced the ions at m /e  177 (d) and
J  =  2 Hz), and 7.27 (d, 2 ,J  =  2 Hz). 161 (e) in addition to the familiar ion at m /e  137 (a).

The molecular ion also lost 57 mass units (C2H 02) to
(6) J. C. Pew, J .  Org. Chem., 28, 1048 (1963).
(7) J. C. Pew, W. J. Connors, and A. Kunishi, Chim. Biochim. Ligninet

Cellul, Hemicellul., Actes Symp. Ini., Grenoble, Fr„ 1964, 229 (1965). (10) V. Kovaeifc, J. Skamla, D. Dusan, and B. Kosikova, Chem. Ber., 102,
(8) J. C. Pew and W. J. Connors, J .  Org. Chem,, 34, 580 (1969). 1513 (1969).
(9) J. C. Pew and W. J. Connors, ibid., 84, 585 (1969). (ID A. Pelter, Chem. Soc., C, 1376 (1967).
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Figure 1.— Mass spectra (from top to bottom) of compounds 3, 14, 4, and 5.

give the ion at m /e  297 (g), as indicated by a metasta- The nmr spectrum of 5 also showed the presence of
ble peak at m /e  249.2. This could be rationalized by as- A rC H = ¿ CH0 and ArCH=CHCHO. With 5 as with 
summg 1,3 rearrangement oi aryl group to form inter- . .  J . , , i
mediate f which would give the ion g by the expulsion of 3> th® W  Pjoton smglet was distinguishable and was
HCO-C(O)-. To ensure this, the mass spectrum of at 3 7 M h  After D2°  exchange, the molecular íon in-
a- (2-methoxyphenoxy) conifer aldehyde methyl ether creased by 2 mass units, and there was also an equivalent
(14) was examined (Figure 1). It also exhibited the M increase in the M +  1 ion which was attributed to the
— 5 7  ion peak, which followed the same fragmentation two possiflle monodeuterated forms of the molecular
patterns as 4. The M — 57 ion had thus furnished a ion. The M +  2:M  +  1:M  ratio was 44:42:14, and
further proof of the 2-aroxy-3-arylpropenal skeleton of the overall D 2O exchange ratio was calculated to be
4 . 45%. The ion akin to h after D20 treatment showed
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Scheme 11“
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° Transitions substantiated by an appropriate metastable peak are indicated by an asterisk.

prominent peaks at 3 3 6  and 3 3 7  due to loss of H20 and Hit .13 mp 8 2 .5°); nmr CDC13 s 3 .8  (s, 3, OCH3), 6.55 (m, 1, 
HDO from the hydroxyl groups of the molecular ions £ “  ¡ ^ ’J  

The presence ol a prominent 3 3 8  peak indicates that CHO)
th e  w a te r  could also b e lost from  th e  ca rb o n y l . 12 T h ese  Dehydrogenation of 1 and Isolation of Dehydro Dimers.—  
w ere in d ica tiv e  of lin kage, an d  th e  s tru c tu re  5  l (l g, 0.0056 mol) was dissolved in 1 1. of H20  with warming, and
fo r th e  com p ou n d  w as a p p a re n t. T h e  m ass s p e c tru m  the solution was cooled to 3° in an ice bath. Horseradish peroxi-

(F ig u re  1, S ch em e I I I )  exh ib ited  ion p eaks corresp on d -
m g  to  M  18 an d  M  2 8 . l ,o  elim in ation  Oi w a te r  over 30 min while the solution was stirred. Stirring was eon-
from  th e  m o lecu lar ion  to  fo rm  th e  s tab le  a n th ra ce n e  tinued for all additional hour; the mixture was then extracted
ion (h) w as co m p a tib le  w ith  th e  s tru c tu re  p rop osed  fo r with EtOAe and residual 1; and the dimeric compounds 3, 4 , and
th e  onm nonnd 5 were isolated by column chromatography on silicic acid with

"  ’ benzene and benzene-EtOH 100:1 solvents. The compounds
Scheme I I I “ were purified by preparative tic on silica gel with benzene-EtOH

100:5  solvent.
CHO .CHO" • _ _ + 2 ,3-Diformyl-1,4-di-5-guaiacylbuta-1,3-diene (3) was crystal-
I (j CHO ^C H O  • lized from aqueous EtO H : mp 178-180°; uv max 343 mu (e

| l| 3.88  X  104), showed a characteristic bathochromic shift to 396
y— v I || mpi on the addition of 1 drop of 50%  NaOH; ir (K Br) 3400

(HO-5- 1̂ ^ 1 - h20 | | || (OH), 1680 (conjugated C = 0 ) ,  1640 sh, 1595 (C = C ), 1520
X X  X. | I cm -1 (aromatic); nmr (d6-acetone) S 3.68 (s, 6 , OCH3), 6.81 (d,

f  f ~ H OCH3 I  I 2 , /  =  8.2  Hz, aromatic), 7.21 (m, 2 , J  =  8.2 Hz, J  =  2 Hz,
L j L - O C H 3 0CH3 aromatic), 7.27 (d, 2 , /  =  2 Hz, aromatic), 7.77 (s, 2 , olefinic),

1  I OCH3 9.66 (s, 2, -C H O ); mol wt 354 (mass spectrum).
OH L OH J  A nal. Calcd for C2oH1806: C, 67.79; H , 5 .12. Found; C,

.  M+ .. . h, m /e 336 67.91; H, 4.99.
M ,m/e oo4 a-(4 -/3-Formylvinyl-2-methoxyphenoxy)coniferaldehyde (4) was

rH n-i+ crystallized from aqueous alcohol: mp 8 7 -8 9 °; uv max 345
’ m/i (e 3 .8  X  104), showed a characteristic bathochromic shift to

J  uv max 421 m o n  addition of 1 drop of 50%  NaOH (a second uv
î 5 ^ max a4 334  nlr- indicates etherified coniferaldehyde moiety); ir

_co __ I | (K B r) 3410 (OH), 1673-1655 (conjugated &  O), 1620, 1600
5 M +,m /e354 ------► (C = C ), 1515 cm -1 (aromatic); nmr (CDC1)3 5 3.78 (s, 3, OOH3),

/ s  I T 3.95 (s, 3 , OCH3), 6.60 (m, 1 , 7 =  15.8 Hz, J  =  7.8 Hz, C H =
I L -n n w  ° CH3 C H =C H O ), 7.37 (d, 1, J  =  15.8 Hz, C H =C H C H O ), 9.65

(d, \ , J  =  7.8  Hz, CHO), 9.44 (s, 1, CHO) (the remaining por- 
I tion of the spectrum could not be interpreted); mol wt 354 (mass

- OH J  spectrum).
m /e 326 A nal. Calcd for C2oH i806: C, 67.79; H, 5 .12. Found: C,

67 65* H 5 25
• Transition substantiated by an appropriate metastable peak ' « .(5 ’3_Formyivinyp2-hydroxy-3 -methoxyphenyl)c0niferalde-

is indicated by an asterisk. hyde (5) was crystallized from aqueous EtO H : mp 191-193°;

Experimental Section (12) J. H. Bowie and P. Y. White, ■/. Chem. Soc., B, 89 (1969).
(13) H. Pauly and K. Feuerstein, Ber., 62B, 297 (1929).

¿raras-Coniferaldehyde (1) was prepared by the method of (14) Peroxidase (horseradish), type I activity approximately 72 purpuro-
Pauly13 and recrystallized from aqueous alcohol: mp 80-82° gallin units/mg. Purchased from Sigma Chemical Co., St. Louis, Mo.
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uv max 339 him (e 3.8 X iO4), which showed a characteristic (CDC13), S 3.75 (s, 1, OCH3), 3.81 (s, 1, OCHs), 3.91 (s, 1,
bathoehromic shift to  uv max 404 mu on the addition of 1 drop of OCHs), 9.43 (s, 1 , CHO), and a complex aromatic region which
50%  NaOH; ir (K B r) 3410 (OH), 1670 (conjugated, C = 0 ) ,  was not interpreted; mol wt 314 (mass spectrum).
1610, 1600 (C = C ), 1520 cm -1 (aromatic); nmr (d6-acetone) 8 A nal. Calcd for C isH i8Os: C, 68.77; H, 5 .77. Found: C,
3.52 (s, 3, OCHs), 4.01 (s, 3 , OCH3), 6.69 (m, 1 , J  =  7 .8  H z, 68.75; H , 5 .57.
J  = 15.4 Hz, CH =CH C H O ), 7.56 (s, 1, C H =C C H O ), 7.58 (d, 2-Methoxyphenoxyacetaldehyde (15).—This compound was 
1 , J =  15.4 Hz, C H =C H C H O ), 9.57 (d, 1 , J  =  7.8 Hz, CHO), synthesized by the Pb(OAe)< oxidation ot guaiacol glyceryl ether, 
9.65 (s, 1, CHO); mol wt 354 (mass spectrum). which is available commercially, following a previously reported

A nal. Calcd for C2oH i80 6: C, 67.79; Id, 5 .12. Found: C , procedure,16 and the compound was crystallized from benzene,
6 8 .0 2 ; H , 5.08. mp 72-74°.

«-(2-MethoxyphenoxyJconiferaldehyde Methyl Ether (14). A nal. Calcd for C-jHi/h: C, 65.05; H , 6 .02. Found: C,
■— 14 was synthesized by the condensation of veratraldehyde, 65.16; H ,6 .1 8 . 
which is commercially available, and 2-methoxyphenoxyacetal-
dehyde (15) using the method described13 for the synthesis of 1: Registry No.— 1, 20649-42-7; 3, 24058-19-3; 4,
uv max 339 mp U  2.36 X 104), unchanged by the addition of 1 24058-20-6; 5, 24058-21-7; 14, 24058-22-8.
drop of 50%  sodium hydroxide; ir (K B r) 1685 (conjugated
C = 0 ) ,  1625, 1600 (C = C ), 1515, 1505 cm -1 (aromatic); nmr (15) R. J. Speer and H. R. Mahler, J .  Amer. Chem. Soc., 71, 1133 (1949).

Synthesis of cis- and trans-4-M ercapto-L-proline Derivatives

A nthony J. V erbiscar and B ernhard W itkop

Institute o f Drug Design, Inc., S ierra M adre, C alifornia 91024, and the N ational Institute o f  Arthritis and M etabolic Diseases,
N ational Institutes o f Health, Bethesda, M aryland 20014

Received October 16, 1969

Both cis- and frari,s-N,0-ditosyI-4-hydroxy-L-proIine methyl esters under special precautions underwent almost 
complete S n2 displacements by potassium thiobenzoate to 4-benzoylmercaptoprolines, which were cleaved by di
lute methoxide to the autoxidizable (and in the cis series lactonizable) N-tosyl-4-mercaptoprolines, easily alkylat
able to the N-tosyl-p-methoxybenzylmercaptoprolines. These were electrolytically detosylated and converted 
to N-I-butylcarbonyl-ew- and -ira«s-4-p-methoxybenzylmereapto-i>prolines suitable for incorporation into 
oligopeptides by the conventional or the solid-phase method.

Although many analogs and homologs of proline and N-Tosyi-cis-4-benzoyitnereapto-L-proline methyl es- 
hydroxyproline have been reported,1'2 the sulfur- ter (III) was prepared from I and potassium thio-
substituted prolines3'4 have not received much atten- benzoate following procedures similar to those de-
tion. For the synthesis of inhibitors of proline hy- veloped for conversion of serines to cysteines.10 The
droxylase,5 we needed sulfur analogs of natural and proline reactions are slower and proceed with inversion
aifo-4-hydroxy-L-proline suitably protected for in- of configuration requiring additional precautions,
corporation into synthetic polypeptides. When the t r a n s  —*■ c i s  inversion reaction is run for

The synthesis of such mercaptoprolines becomes an 6-10 days at a temperature not exceeding 35-40°,
exercise in the proper sequence of putting on and the conversion is essentially stereoselective, in con-
taking off protecting groups with sufficient lability trast to the reaction in refluxing methanol for 20 hr
and differential activity to permit these steps to be which gave a poor yield of III along with a substantial
selective. quantity of N-tosyl-fr<ms-4-benzoylmercapto-L-proline

The requirement for the S-protecting group of the methyl ester (IV). The presence of t r a n s  products
resulting c i s -  and irows-4-mereapto-L-proline peptides in similar displacements on irans-4-tosylhydroxy-L-
was easy removal to liberate sulfhydryl without proline methyl ester has been explained by intra
cleavage of peptide bonds. We chose p-methoxy- molecular participation of the ester carbonyl to form a
benzyl, which is easily removed from S-protected cyclic carbonium intermediate which favors SnI
cysteine peptides by anhydrous hydrogen fluoride.6'7 substitutions.11 However, the corresponding c i s  —*■

The starting material for the cfs-mercapto series was t r a n s  inversion to N-tosyI-irans-4-benzoyImercapto-L-
N,0-ditosylhydroxy-L-proline methyl ester (I) (Scheme proline methyl ester (IV) at 35-40° for 6 days also
I).8,9 Analogously the irons-mercapto series started gave a small quantity of the c i s  epimer. The c i s

with N,0-ditosyl-critVhydroxy-L-proline methyl ester product probably arose by solvolysis of the t r a n s -

(II) (Scheme II).2'8 tosylate with subsequent attack by S-benzoyl anion
in a normal Sn I reaction. Thin layer chromatography 

CD a . b . Mauger and b . Witkop, Chem. Rev., 66, 4 7  (1966). showed the product resulting from inversion to be
(2) R. H. Andreatta, V. Nair, A. V. Robertson, and W. R. J. Simpson, m a jo r an d  re te n tio n  to  b e  th e  m in or p a th w a y .

Aust. J .  Chem., 20, 1493 (1967). J  i , „  , , , . J  /
(3) A. A. Patchett and B. W itk o p ,Amer. Chem. Soc., 7 9 , 185 (1957). b l analogy to S-benzoyl derivatives of cysteine,
(4) S.-I. Yamada, Y. Murakami, and K. Koga, Tetrahedron Lett., 1501 Sodium alkoxides12’13 easily cleaved the benZOyl-

(19,® f t „  ,, t a tit ,• t> , r, J „ thioprolines. With 0.5 M  methanolic sodium hy-(5) J. J. Hutton, Jr., A. Marglm, B. Witkop, J. Kurtz, A. Berger, and S.
Udenfriend, Arch. Biochem. Biophys., 125, 779 (1968).

(6) S. Akabori, S. Salikibara, Y. Shimoniahi, and Y. Nabuhara, Bull. (30) I. Phoiaki and V. Bardakos, J .  Amer. Chem. Soc., 87, 3489 (3965).
Chem. Soc. Jap ,, 37, 433 (1964). (1 1 ) A. A. Gottlieb, Y. Fujita, S. Udenfriend, and B. Witkop, Biochemts-

(7) S. Sakikibara, Y. Shimonishi, M. Okada, and Y. Kiahida, “Peptides,” try, 4, 2509 (1965).
North Holland Publishing Co., Amsterdam, 1967, pp 44^49. (12) L. Zervas, t. Photaki, and N. Ghelis, J .  Amer. Chem. Soc., 85, 1337

(8) Y, Fujita, A. Gottlieb, B. Peterkofsky, S. Udenfriend, and B. Witkop, (1963).
J .  Amer. Chem. Soc., 86, 4709 (1964). (1 3 ) R. Q. Hiskey, T. Mizoguchi, and H. Igeta, J .  Org. Chem., 31, 1188

(9) P. S. Portoghese and A. A. Mikhail, J .  Org. Chem., 31, 1059 (1966). (1966).

1924 J .  Org. Chem,., Vol. 35, No. 6, 1970 V erbiscar  and W itkop



Scheme I
0

I' ~
SCC6H5 s h  so h  $  \  r i m

^ C00CH< î  J — - \ / C O O C H 3 J — \ W O O C H 3 j J _ ^ = % 00CH3
KSCCeH.i NaOH  ̂ /.-CH OCLH,CH;CI i

N MeOH liquid NH3
I 1 «hr | Ï
Ts Ts Ts | s

I III V VI
(mp 143-144°) y (mp 78-80°) (mp 107-109°)

X  Na0H NaOH
/  MX H' MeOH, H P

/  20 hr -20 hr

S----------- C= 0  SH s -  "  s c h 2( ^ o c h 3

J -------( dicyclohexyl J ---------------------- \ X O O H  J ------ \ X O O C H 3 J -------\ . C O O H
carbodiimide

v r
i i i  i

Ts Ts |_ Ts J 2 Ts
XI X  IX VII

(mp 116—118°) (mp 87—88° cyclohexylamine salt
and 128-129°) (mp 174-176°)

electrolysis

s c h 2<^~~^—  o c h 3

J --------\ .C O O H

I
R

Villa, R = H
(mp 218-220°) 

VUIb, R =  i-BOC
(mp 88°)

droxide at room temperature, benzoylthioprolines were vantages of the method are low temperature, pure
selectively split in preference to the methyl esters. products, ease of separation from the split group, and
The resulting N-tosyl-m-4-mercapto-L-proline methyl resistance of the formyl, carbobenzyloxy, and benzyl-
ester (V) and the t r a n s  epimer X II are highly sensitive mercapto groups to normal reductive electrolysis,
to air oxidation to form the stable crystalline disulfides With all of these advantages 80-90% yields of the
IX  and XVI, which are also easily prepared by oxida- c i s -  and irans-p-methoxybenzylmercapto-L-proIines
tion of the mercaptans with iodine in methanol. were obtained. The two mercaptoprolines V illa

In analogy to procedures developed for the cys- and XVa were converted to the i-butyloxycarbonyl((-
teines6 the free thiol groups were protected by p-(chlo- BOC) derivatives VUIb and XVb which are readily
romethyl)anisole in liquid ammonia14 in good yield. usable for incorporation into peptides by conventional
Hydrolysis of the methyl esters gave the corresponding or Merrifield methods.
N-tosyl-cis-4-p-methoxybenzylmercapto-L-proline (VII) Lactonization of N-tosyl-m-4-mercaptoproline X
and the t r a n s  epimer X IV  which were easily crystallized to the well-crystallized X I was easily brought about
and purified as the cyclohexylamine salts. by dicyclohexylcarbodiimide reagent. Thiolactone X I

A variety of methods are available for the cleavage is analogous to N-acetyl lactone4 in which the absolute
of sulfonamides, many of which are rather drastic.18 configuration at C-4 is S . 11

Although prolines have been detosylated by 45%
hydrogen bromide in acetic acid, opening of the proline Experimental Section
ring has been reported, and several attempts with this
reagent were unsuccessful. Electrolytic reductive de- All melting points are corrected. Thin layer chromatograms 

toytation» proved to be the method of choice. Ad-
, , 4 0 :1 ; (3) 1-butanol-pyridine-acetic acid-water, 4 :1 :1 :2 ;  (4)

(14) Eastman Kodak No. 3406 This commercial product .s stab, .zed 2-propanol. Elemental analyses were carried out by Midwest
with sodium carbonate but is still dangerous. A 25-g bottle about two- ,  K , T t a - i* t a
thirds full exploded on the shelf after standing closed fcr several months. Microlab, Inc., Indianapolis, Ind.

(15) S. Searles and S. Nukina, Chem. Rev , 59, 1077 (1959).
(16) L. Horner and H. Neumann, Chem, Ber„ 98, 1715, 3462 (1965). (17) Cf. B, Witkop, Chem. Soc,t Spec. Publ., No. 3, 60 (1955).

cis- AND trans-4-Mebcapto-l-prolone Derivatives J .  Org. Chem., Vol. 35, No. 6, 1970 1925



Scheme II

OTs

J ------- \  .COOCH, f
^  ^  KSCCsHs

7
Ts

II
(mp 124°)

^ T o ----- \ X O O C H 3 ^ ------- \ - C O O C H ; p-CH:lOC6H4CH2̂ <̂ ------- \  .COCCI I,

Na0H , ' " H " '  h ,c h : '
| MeOH I |
Ts 2 hr Ts Ts

IV y "  XII XIII
(mp 136.5- 138.5°) iodine, NaOH

>X MeOH MeOH, H20
/  20 hr

^ \  COOGH.l CHjO— \ \  COOH p-CH3OC6H.,CH2^ / i ------- \  COOH

o -  x  w  x  ^ . x^ ¡ \ T ^  electrolysis
I i I

Ts J ,  R Ts

XVI XVa, R =  H XIV
(mp 132-133.5°) (mp 230—232°) cyclohexylamine salt

XVb, R =  i-BOC (™P 175-177°)
(mp 137-139°, 
dicyclohexylamine salt)

N-Tosyl-as-4-benzoylmercapto-L-proline Methyl Ester (III).—• carbon tetrachloride-petroleum ether to yield 3.36 g (85% ) of
A solution of 4.53 g (0.01 m) of N,0-ditosyl-4-hydroxy-L-proline colorless crystals, mp 75-80°. Tic of this crude product in sol-
methyl ester (I) and 8.9 g (0.05 m) of potassium thiobenzoate in vent system 2 indicated the presence of a small quantity of the
60 ml of anhydrous methanol was stirred magnetically, and the disulfide, which is more slowly detected by iodine than the -SH
temperature was kept at 3 5-40°. A precipitate gradually formed compound. Recrystallization gave a pure product, mp 78-80°,
and progress of the reaction was followed by tic in solvent system as a colorless microcrystalline powder.
2 . After 10 days there was little starting material left. The A nal. Calcd for Ci3HnN0 4S2: C, 49.52; H , 5 .43 ; S, 20.30. 
mixture was cooled; the solid was collected and washed with Found: C, 49.65; II, 5 .55; S, 20.54.
water, then methanol, to give 2.70 g (68% ) of a crude a s  prod- N-Tosyl-a's-4-p-methoxybenzylmercapto-L-proline Methyl Es- 
uct, mp 136.5-141°. Tic indicated contamination by a trace of ter (VI).— A mixture of 3.50 g (0.011 m) of N-tosyl-cis-4-mer-
the frans-4-benzoylmercapto isomer. Recrystallization from a capto-L-proline methyl ester (V) and 2.85 g (0.0182 m) of p-
mixture of ethyl acetate and ether gave 2.26 g (54% ) of orange (chloromethyl)anisole in an ice-alcohol cooled flask was treated
needles, mp 142.5-144.5°. The compound crystallized well from with 80 ml of liquid ammonia. A colorless precipitate formed
methanol as orange plates. immediately and stirring was continued for 0.5 hr with cooling

A nal. Calcd for C20H21NO5S2: C, 57.26; H , 5 .04; N, 3 .34. and then at room temperature as excess ammonia evaporated. 
Found: C, 57.20; H, 5 .60; N, 3 .41. The crystalline product was washed with water until neutral.

N-Tosyl-iroiis-4-benzoylmercapto-L-proline Methyl Ester One recrystallization of the crude product from carbon tetra-
(IV).— The analogous displacement on II for 6 days at 35-40° chloride yielded 4.28 g (89% ) of a powder, mp 99-106°. An
eventually yielded 55%  crystals, mp 132-135°. Tic in solvent analytical sample was recrystallized to colorless fluffy crystals of
system 2 showed this product to contain a small amount of the VI, mp 108-110°.
cis epimer. Several recrystallizations from ethanol or ethyl ace- A nal. Calcd for Q iIh sN C ^ : C, 57.92; H, 5 .79; S, 14.70. 
tate-ether gave pink rhomboids, mp 136.5-138.5°. Found: C, 57.47; H, 5 .95; S, 15.06.

A nal. Calcd for C20H 21NO5S2: C, 57.26; H , 5 .04 ; S, 15.26. N-TosyI-c?’s-4-/j-methoxybenzylmercapto-L-proline (VII).— A
Found: C, 57.17; H , 5 .13; S, 15.72. suspension of 800 mg (1.9 mmol) of N-tosyl-cfs-4-p-methoxyben-

When this reaction was run on a 10-g scale for 10 days the yield zylmercapto-L-proline methyl ester (VI) in 8 ml of 0.5 M  meth-
was lower. Also, when the temperature was raised to 50° for anolic sodium hydroxide, 10 ml of methanol, and 10 drops of water
6 days tic indicated that a variety of other products formed. was stirred for 20 hr at room temperature. The resulting clear
The main product then became difficult to separate and purify. solution was evaporated to dryness, and the solid was taken up in
In one 6-day run at 35° with no warming, 78%  of unreacted II water. Acidification with citric acid gave a precipitate which
was recovered. was extracted into ether and dried over sodium sulfate. Addi-

N-TosyIcis-4-mercapto-i,-proline Methyl Ester (V).— To a tion of a solution of 220 mg (2.2 mmol) of cyclohexylamine in
suspension of 5.23 g (0.0125 m ) of N-tosyl-cfs-4-benzoylmercapto- acetonitrile to the filtered ether solution caused 880 mg of a color-
L-proline methyl ester (III) in 220 ml of anhydrous methanol less powder, mp 158-179°, to precipitate. Recrystallization
under hydrogen was added 30 ml of 0.5 M  methanolic sodium from acetonitrile gave 660 mg (67% ) of colorless needles, the
hydroxide. The reactant dissolved completely after a short time cyclohexylammonium salt of V II, mp 175-177°, homogeneous
of stirring. After 2 hr, 2 ml of water was added and stirring was on tic in solvent system 1.
continued for 0.5 hr. Neutralization with methanolic hydro- A nal. Calcd for C20H23NS2O5. CsHnNHi: C, 59.97; H, 6 .97 : 
chloric acid and evaporation of the solvent left a solid which was S, 12.31. Found: C, 59.55; H , 7 .25; S, 11.72. 
extracted into 20 ml of water and 120 ml of ethyl acetate. The N-Tosyl r/.s-4-inercapto i, proline Lactone (XI).—A suspension
organic phase was washed with 10-ml portions of water, 5%  of 150 mg of N-tosyl-cis-4-mercapto-L-proline methyl ester (VI)
sodium bicarbonate, and water again, and then dried over sodium in 2 ml of 0.5 M  methanolic sodium hydroxide containing 3
sulfate. Evaporation gave a product which crystallized from drops of water was allowed to stand at room temperatures for 20

1926 J .  Org. Chem., Vol. 35, No. 6, 1970 Verbiscak and W itkop



hr under hydrogen. The resulting solution was evaporated to 210-212° dec, homogeneous on tic in solvent system 3. Re
dryness and the residue was taken up in 3 ml of water. Acidifi- crystallization from water gave small colorless needles, mp 218-
cation with citric acid released the sulfhydryl compound X  which 220° dec.
was salted out, extracted into methylene chloride, and dried over A n al. Calcd for Ci3HnN 0 3S: C ,5 8 .4 1 ; H, 6 .41 ; S, 12.00.
magnesium sulfate. A solution of 120 mg of dicyclohexylcar- Found: C, 58.69; H , 6 .68 ; S, 12.34.
bodiimide in methylene chloride was added, and the reaction mix- N-i-Butyloxycarbonyl-as-4-p-methoxybenzylmercapto-L-pro-
ture was allowed to stand overnight. Evaporation of the solvent line.— The proline V illa  was converted in 90%  yield to the
left a colorless solid. The lactone was extracted into ethyl ace- N-i-BOC derivative VUIb according to published procedure:18
tate leaving behind pure dicyclohexylurea, more of which pre- colorless small needles from ether-petroleum ether; mp 88°;
cipitated upon adding petroleum ether. The mother liquor was [cc] 20d - 5 6 .3 °  (c 1.0, MeOH); tic in 1-butanol-acetic’acid-water
treated with Nuchar 0 9 0  N and evaporated to a colorless solid, ( 4 :1 :2 ), R f 0.85.
70 mg, mp 98-112°. Recrystallization from carbon tetrachloride A nal. Calcd for Ci8H25N 0 5S: C, 58 .8 ; H, 6 .81; N, 3.82.
gave fine crystals of lactone X I ,  mp 116-118°. Found: C, 59.03; H, 6 .76; N, 3 .90.

A nal. Calcd for Ci2H13S2N 0 3: C, 50.85; H, 4 .62 ; S, 22.63. irans-4-p-Methoxybenzylmercapto-L-proline (XVa).— A solu- 
Found: 0 ,5 1 .2 2 ;  11 ,4 .87 ; S, 22.34. tion of 1.5 g (2.85 mmol) of N-tosyl-0ans-4-p-methoxybenzyl-

Disulfide of N-Tosyl-cfs-4-mercapto-L-proline Methyl Ester mercapto-L-proline (X IV ) cyclohexylamine salt in 40 ml of 0.85
(IX ).—A solution of 90 mg (0.3 mmol) of N-tosyl-ds-4-mercapto- M  methanolic tetramethylammonium chloride was electrolyzed
L-proline methyl ester (V) in 10 ml of methanol was treated drop- at 10-20 V and 1 A as described. The current was maintained
wise with a 0.1 N  solution of iodine in methanol until the color at 1 A for 27 min for a total of 1620 C (theoretical: 550 C).
persisted. A few drops of concentrated sodium bisulfite solution Identical monitoring and work-up yielded 680 mg (89% ) of
were added to reduce excess iodine. The solvent was evaporated, crystals, mp 218-228° dec, homogeneous on tic in solvent system
and the resulting solid was washed with water, a small amount of 3. Recrystallization from water gave shiny colorless plates,
methanol, and then ether to give 80 mg of product. Recrystalli- mp 230-232° dec.
zation from benzene gave colorless fluffy crystals, mp 95-125°, A nal. Calcd for Ci3H nN 0 3S: C, 58.41; H, 6 .41; S, 12.00.
which after cooling and resolidifying had mp 128-129°. Slow Found: C, 58.47; IT, 6 .69 ; S, 12.23.
recrystallization from dilute solutions in 2-propanol gave N-i-Butyloxycarbonyl-imras-4-p-methoxybenzylmercapto-L-
the low-melting modification as long needles, mp 8 7-88°. The proline.—Analogously, the proline X V a was converted to the
product was homogeneous in solvent systems 1, 2, and 4. In oily i-BOC derivative, which was converted to the dicyclohexyl-
system 4 it shows Ri 0 .70 . ammonium salt which formed microcrystalline powder from ether

A n al. Calcd for (Ci3H16N 0 4S2)2: C , 49.66; H, 5 .13 ; S, (87%  yield): mp 137-139°; W 20n - 1 1 .5 °  (c 1.09, MeOH); tic
20.40. Found: C, 49.41; H, 5 .32; S, 20.55. in 1-but.anol-acetic acid-water ( 4 :1 :2 ), Rs, 0 .9.

N-Tosyl-iraras-4-p-methoxybenzylinercapto-L-proline (XIV).—  A nal. Calcd for C30H48N2O5S: C, 65.7; H, 8 .82; N , 5.11.
In analogy to the sequence III —>-V—>- VI —► V II, N-tosyl-frans-4- Found: C, 65.66; H, 8 .78; N, 5.11.
benzoylmercapto-L-proline methyl ester (IV) was converted into Dicyclohexylamine Salt of N-Tosyl-irans-4-hydroxy-L-pro- 
the highly sensitive X II  which was alkylated with p-(chloro- line.— The dicyclohexylamine salt of N-tosyl-frares-4-hydroxy-
methyl)anisole14 in liquid ammonia. The resulting oily N-tosyl- L-proline (mp 152-154°) was prepared in acetonitrile and re-
irans-4-p-methoxybenzylmercapto-L-proline methyl ester (X III)  crystallized from the same solvent to form colorless prisms, mp
was saponified to the acid X IV , a yellow oil which was dissolved 150-152°, homogeneous on tic in solvent systems 1, nicely
in ethyl ether and dried over sodium sulfate. The filtered ether separating the proline and dicyclohexylamine components,
solution was treated with a solution of cyclohexylamine in 15 ml A nal. Calcd for Ci2Hi6N 0 5S -(C 6HU)2N H : N, 6.13. Found:
of acetonitrile. The cyclohexylamine salt, mp 171-173°, was N, 6.05.
recrystallized from an 80-ml portion of acetonitrile containing a The dicyclohexylamine salts of the epimeric N-tosyl-ci's-4-
few drops of cyclohexylamine to give matted colorless needles, mp hydroxy-L-proline did not form a crystalline derivative, nor did
173-176°, homogeneous on tic in solvent system 1. the cis- or irans-N-tosyl-4-p-methoxybenzylmercapto-L-proline.

A nal. Calcd for C2oH2 3NS20 5 -C6HnNH2: C, 59.97; H,6.97; N,0-Ditosyl-cis-4-hydroxy-L-proline.— This product appeared
S, 12.31. Found: C, 60.01; H, 6.89; S, 12.56. in 13% vield in the large-scale monotosylation reaction of allo-

Disulfide (XVI) of N-Tosyl -iraras-4-m ercap to-L -p rolin e Methyl hydroxy-L-proline as a water-soluble by-product. I t  was re-
Ester.—Alkaline hydrolysis in methanolic sodium hydroxide and crystallized from ethanol-water to form colorless plates, mp 188-
oxidation of the thiol X II  by dropwise addition of 0.1 M  meth- 190°.
anolic iodine gave the disulfide X V I which was recrystallized from A nal. Calcd for Ci9H2iN0 7S2: C .5 1 .9 2 ; H, 4 .82; S, 14.59.
carbon tetrachloride-petroleum ether to give an 80%  yield of fine Found: C, 52.20; H, 4 .86; S, 14.71.
colorless needles, mp 132-135°.

A nal. Calcd for (C13H 16NS20 4)2: C, 49.66; H, 5 .13 ; S, Registry No.—Ill, 23912-23-4; IV, 23912-24-5; V, 
20.4(h Found: C, 49.38; H , 5 .15 ; S, 20 .6 6 . 23967-33-1; VI, 23912-25-6; VII, 23912-26-7; cyclo-

CTs-4-p-Methoxybenzylmercapto-L-prolme (Villa).—A solution ’ . u -ittt oqoio o-7 c . vttt
of 1.1 g (2.1 mmol) of N-tosyl-cfs-4-p-methoxybenzylmercapto- hexylammomum salt of VII, 23912-27-8, VIII, 23912-
L-proline (V II) cyclohexylamine salt in 30 ml of 0.85 M  meth- 28-9; V I lib , 23912-29-0; IX, 23912-30-3; XI, 23912-
anolic tetramethylammonium chloride was poured into a beaker 31-4; cyclohexylamine salt of XIV, 23912-32-5; XVa,
containing a Teflon-coated magnetic stirring bar a platinum 23912-33-6; XVI, 23967-34-2; N-(-butyloxycarbonyl- 
electrode probe immersed m mercury as the cathode, and an , , ,  , , , O0n10  o a
RA-84 grade Alundum thimble containing a carbon anode and hyms-4-p-methoxybenzylmercapto-L-prolme, 23912-34-
3 ml of water as the anolyte. A current of 1 A at 20 V was 7 ;  dicyclohexylamine salt of N-tosyl-(rans-4-hydroxy-
applied while stirring. The current was maintained at 1 A for L-proline, 23912-35-8; N,0-ditosyl-m-4-hydroxy-L-
20 min for a total of 1200 C (theoretical requirement 404 C ). proline, 20275-08-5.
During this time the applied potential dropped to 10 V, and hy
drogen evolution became vigorous. The reaction was monitored . , , , , • j  u .  j  j tx x j
by tic on microscope slides in solvent system 3. The methanolic Acknowledgment.-We are indebted to  Dr. H.
supernate was brought to pH 6 with acetic acid and evaporated Aoyagi for the preparation, of the ¿-BO G  derivatives, 
to a small volume. Following the addition of 6 ml of water and
refrigeration, there Was collected 450 mg (80% ) of needles, mp (18) Z. Schnabel, Justus Liebigs Ann. Chem., 702, 188 (1967).
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The Structure of Tulipinolide and Epitulipinolide.
Cytotoxic Sesquiterpenes from  L i r io d e n d r o n  t u l i p i f e r a  L .1

R aymond  W. D o sk o tc h  and F a r o u k  S. E I-F e r a l y

Division o f Natural Products Chemistry, College o f  Pharmacy, The Ohio State University, Columbus, Ohio 43210

Received October 23, 1969

The structures for two new sesquiterpenes, tulipinolide (2) and epitulipinolide (3), were shown to be 8a-acetox\^- 
6(/3H),7(aH)-germacra-l(10)-irams,4(5)-irans,ll(13)-trien-6,12-olide and the C-8 epimer, respectively, by eycli- 
zation to conformationally rigid decalin products and their study by physical methods. Eupatoriopicrin must 
be revised to 38 on the basis of yielding degradation products identical with those obtained from epitulipinolide.
The application of the a-phenylbutyric anhydride (Horeau) method for establishing the configuration of the hy
droxyl at C-8 in deacetylepitulipinolide (26), deacetyldihydro-)3-cyclotulipinolide (13), and deacetyldihydro-d- 
cycloepitulipinolide (30) gave anomalous results, but Brewster’s benzoate method yielded values consistent with 
the configuration assignments made from nmr studies.

We had recently reported the isolation of two cyto- CH:1 CH,:
toxic substances, costunolide (1 ) and a new sesquiter- a
pene, tulipinolide C 17H22O4, mp 181° dec, from /   ̂ / I  /
L i r i o d e n d r o n  t u l i p i f e r a  L . 2 Evidence is presented here
for the structure of tulipinolide (2) and epitulipinolide ^  \ F > = C H 2 ’

, / X N »  r ^ O d ' " ° Ac 0  0

5, R =  OAc 6, R =  OAc
T  T 8 , R =  H 9,R  =  H

0 0 f 3 I f 3 I

O O
4  7, R =  OAc 11, R =  OAc

¿ r : £ c ,o’ r = h i i r - h

0

II CH, CH¡ n
38,R  =  CC=CHCH,OH 1 1  T* j P

' H2° H
(3 ), a third cytotoxic3 germacranolide from the same T  ó. V  CH.. i u  1y
source. The nmr peaks for the substances to be dis- NV / ^'CH 3
cussed are in Table I. 0  0

The presence in tulipinolide of an acetate and an ] 4

a , 3 '-unsaturated 7 -lactone function was previously '
established. 2 The gross germacranolide structure was Hz), and the large coupling constants support axial 
indicated by the functional groups as interpreted from positioning of the H6, H6, and H7 protons. The H8

the nmr spectrum and supported by the isolation of proton found at 8 5.23 was placed axial on the basis of
levulinic acid on ozonolysis and of the diepoxide 4 on the six-peak pattern, the X  of an ABM X (./AX =
peroxidation. Cyclization of tulipinolide (2 ) afforded ,/MX = 1 0 . 7  and ./Bx = 4.5 Hz) system, the result of
a-(5) and /3-cyclotulipinolide (6 ), but surprisingly the interaction of the neighboring two axial and one equa- 
7  isomer (7) was not detected. These “ rigid” decalin torial protons. The spectral interpretations were
compounds allowed the use of nmr to establish their aided by comparison with the costunolide cyclized
structure and configuration. The stereochemistry at products, a - 8 , f i - 9 ,  and 7 -IO. 4

carbons 6 , 7, and 8 in the /3 isomer 6  was determined in The ¿ráns-decalin system for 6  was established by 
this way, for the H6 proton appears as a triplet at 8 ozonolysis of dihydro-/3-cyclotulipinolide (11) to the
4.07, the X  of an ABX pattern ( J  bx = J  bx = 10.9 ketone 12 which exhibited a strong negative Cotton

(1) Antitumor Agents. IV. Previous paper: R. W. Doskotch and effect peak in the CD at 290 lil f j . ([0] 4670), a result
c. d . Huftord, j . Org. chem., as, 486 (1 9 7 0 ). This investigation was sup- predictable from the octant rule. 5 The C n  m e th y l
ported by Public Health Service Research Grant No. CA-08133 from the
National Cancer Institute and No. FR-03328 from Special Research Re- (4) The a  isomer was first obtained crystalline by G. H. Kulkarni, G. R.
sources for purchase of the nmr spectrometer (Varían A-60A) and acces- Kelkar, and S. C. Bhattacharya, Tetrahedron, 20, 2639 (1964), and recently
sories. Taken in part from the Ph.D. Thesis of F. S. E., June 1969. T. C. Jain and J. E. McCloskey, Tetrahedron Lett., 2917 (1969), reported

(2) R. W. Doskotch and F. S. El-Feraly, J . Pharm. Sci., 58, 877 (1969). the properties of the jS isomer.
(3) Tested in the KB cell culture assay through the courtesy of the Cancer (5) C. Djerassi, “Optical Rotatory Dispersion,” McGraw-Hill Book

Chemotherapy National Service Center (CCNSC) according to the method Co., Inc., New York, N. Y., I960, p 178. For studies of ketones in the eudes-
in Cancer Chemother. Rep., 25, 22 (1962). Tulipinolide and epitulipinolide mane series, see D. C. Humber, A. R. Pinder, and S. R. Wallis, J .  Chem.
showed EDso values of 0.46 and 2.1 pg/ml, respectively. Soc., C, 2941 (1968).
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group in 11 was assigned as « on the basis that the closed to C8 was evidenced by the sharpening of the
methine proton Hu appeared as a six-peak multiplet, ABX  triplet (originally the lactonic proton in the
the result of the overlap ( J  = 12.0 Hz) of a pair of starting material 18) at 5 3.68 ( J  = 10.5, 10.5 Hz) after
quartets ( J  =  6.7 Hz). In addition, the Cu methyl treatment with D 20 and formation of dihydro-/?-cyclo-
group showed an upheld shift of only 0.09 ppm in deu- isoepitulipinolide (20) on acetylation. In addition, the
teriobenzene relative to deuteriochloroform. These triplet for the H6 proton of 19 was lost in forming the
two conditions are in accord with observations on other oxidation (Moffatt reagent8) product 2 1 .
irons-fused 7 -lactones bearing a pseudoaxial Hu
proton. 6 CH3 OR CH3 OR

Saponification of dihydrc-/3-cyclotulipinolide (11) 
produced the alcohol 13. That no other changes had /

occurred during hydrolysis was shown by the regenera-
tion of the starting material on reacetylation. Oxida- T  ° \ J a=CH2 2

tion of the alcohol 13 gave the ketone 14 that gave a 3 ||
negative Cotton effect curve ([9] —8560 at 290 m/x), as O O
predicted by the use of the octant rule. Other spectral 15, R = A c l6 ,R = A c
(nmr and ir) features of these derivatives were in agree- 27, R =H 28, R = H
ment with the assignment of the functional groups and
their locations in this series. CH3 OR CH3 OAc

In repeat collections of plant material tulipinolide Ii
was not present; yet the column fraction from which /  ^  /

it was originally obtained did not appreciably decrease.
The difference was due to the presence of another / J>=CH2  ̂ 2

compound which could not be distinguished from CH3 |j p
tulipinolide by any number of chromatographic O O
methods yet was separated from it by crystallization 1 7  p =j ĉ 18
from petroleum ether-ethanol mixtures. This new 29 P=H
substance, epitulipinolide (3), mp 91-92°, [« ]d +76°,
was shown by the following evidence to be epimeric to CH3 q  CH3 q

tulipinolide at position 8 . J \ = o
The spectral properties (ir, uv, mass spectrum, and /  / I  /  /  /  /

nmr) of epitulipinolide (3) were similar to those of / " T
tulipinolide. A  notable difference was the position of CH3 2 CH3

a one-proton multiplet in the nmr at 6 5.72 due to H8 2 1

which in tulipinolide is located between 5 4.8 and 5.2 as ’ "
part of a four-proton (Hi, II5, H6, and H8) envelope. 20, _ c
The corresponding region in the epitulipinolide spec- ,
trum was consequently much simplified and now Hydrolysis of 18 under milder conditions (sodium 
analyzable by first-order methods, the results of which carbonate) easily opened the lactone ring but left the
are found in Table I acetate group intact to give the hydroxy acid 22. A

Cyclization of epitulipinolide produced the isomers similar .lactone opening was possible with 7 -cyclo-
«-(15), <3-(16), and y-cycloepitulipinolide (17), readily epitulipinolide (17) to form the hydroxy acid 23.
characterized by their nmr spectra. The major dif-
ference in the spectra between the ¡3 isomers of cyclo- CH3 OAc 3 c
tulipinolide and cycloepitulipinolide occurs for the H8 ---- / l ' ' ' “" ' / ' '
multiplet. The six-peak pattern at S 5.23 in the former
is replaced by a four-peak signal at S 5.71, the X  of an CH2 oh OH — qh,
ABM X pattern where the three J  values are about 3 HOOC'^'H CHs ROOC^
Hz. This is the consequence of the interaction of an 2 3  R -H
equatorial proton with the neighboring two axial and 2 2  2 4  R-CH
one equatorial protons. A  change in the pattern for ’ 3

the H7 absorption from a trio of triplets ( J  values of CH3 OAc
2 .9 , 3 .1 , 1 0 .7 , and 10.9) to a pair of quartets ( J  values IT
of 3 .0 , 3 .0 , 3 .3 , and 1 1 .0 ) was a predictable consequence.
The downfield chemical shift and the change in coupling CH3
constants for Hs was as anticipated in going from an ° \ T < C
axial to an equatorial proton.7 Si

Hydrogenation of )3-cyclopitulipinolide (16) afforded O
the dihydro derivative 18 which on treatment with 25
sodium methoxide gave deacetyldihydro-/3-cycloiso-
epitulipinolide (19). That the lactone ring was re- Oxidation of its methyl ester 24 to the corresponding

a,j3 -unsaturated ketone was not successful with man-
(6) C. R. Narayanan and N. K. Venkatasubramanian, J .  Org. Chem.,

33'(7r , 6(A96B8L y  “ N uclear Magnetic Resonance Spectroscopy," Academic (8) K. E. Pfitzner and J. G. Moffatt, J .  Amer. Chem. Soc., 87, 5661,
Press, Inc., New York, N. Y„ 1969, pp 77 and 132. 56™ (1965), and references therein.
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T a b l e  I
N m r  P e a k s  o f  C o s t u n o l id e , T u l ip in o l id e , E p i t u l ip in o l id e , a n d  D e r iv a t iv e s ®

Com- C, —Me Cu =CH 2
pound or=CH z Cio — Me He Hj Hs or—Me Miscellaneous

1 1.70 (br) 1.42 (br) 4.56& 2.55(brm) 5.55(d,3.0) 4.85 (brd, 10.0, Hs)
6.23 (d, 3.5)

2 1.71 (br) 1.58 (br) 3.08 (brm) 5.84 (dd, 2.08(COCHa)
1.5, 3.0)
6.34 (dd, 4.8—5.2 (Hi, Hs, He, and Hs)
1.5,3.5)

3 1.76(3,1.3) 1.52 (br) 5.13“ 2.93(brm) 5.72(m) 5.59(d,3.1) 2.06(COCH3)
6.28 (d, 3.5) 4.78 (dd, 1,3,10.0, He)

4 1.42 1.42 4.6 (m) 4.6 (m) 5.71 (d, 3.0) 2.00(COCHs)
6.32 (d, 3.5)

5 1.87 (br) 0.99 3.98 (dd, 2.80 (m) 5.30 (m,1* 5.51 (d, (2.9) 2.13(COCH3)
10.8.11.3) 4.6,10.6,10.7) 6.11 (d,3.1) 5.43(m ,H3)

6 4.85 (br) 0.93 4.07 (dd, 2.86 (m) 5.23 (m.  ̂ 5.55 (d, 2.9) 2.13(COCHa)
10.9,10.9) 4.5,10.7,10.7)

4.99 (br) 6.13 (d, 3.1)
8 1.85 (br) 0.92 3.88(dd, 2.46(m) 5.38(d,3.0) 5.4(brm,Hs)

10.0 . 11.5) 6.05 (d, 3.0)
9 4.79 (br) 0.85 3.95(dd, ~2.6(m ) 5.38(d,3.0)

10.5.10.5)
4.92 (br) 6.03 (d, 3.2)

10 1.88 (br) 1.12 4.55(brd,ll) 2.6(m) 5.43(d,3.0)
6.13 (d, 3.3)

11 4.80 (br) 0.93 4.08 (dd, S.lSim1* 1.24(d,6.7) 2.08(COCH3)
10.6.10.6) 4.5,10.6,10.6)

4.97 (br) 1.15(d)8 2.59 (dq, 6.7,12.0, Hu)
12 0.95 4.18 (dd, 5.11 (m)J  1.23(d,6.8) 2.10(COCHs)

10.6.10.8) 4.6,10.6,10.6)
13 4.78 (br) 0.88 4.02 (dd, 3.98 (m)/ 1.39 (d, 7) 1.97 (d, 5, OH®)

10.6. 10.6)
4.96 (br) 2.58 (dq, 7,12, Hu)

14 4.88 (br) 0.84 4.15(dd, 1.28(d,6.5)
11, 11)

5.04 (br)
15 1.89 (brd, 1.5) 1.08 4.40(dd, 2.80(m) 5.70(m)'1 5.44(d,3.1) 2.05(COCH3)

11.0. 11.0) 6.15 (0,3.3) 5.42 (br, Ha)
16 4.92 (br) 1.01 4.51 (dd, 2.88 (m) 5.71 (m)h 5.46 (d, 3.0) 2.06(COCHa)

11.0. 11.0)
6.18 (d, 3.3)

17 1.90 1.27 5.11 (brd, 12) 2.92(m) 5.72(m)* 5.51 (d,3.1) 2.07(COCH8)
6.23 (d, 3.4)

18 5.04 (br) 1.03 4.91 (dd, 5 .65 (m ),‘ 1.29(d,7.6) 2.11(COCHa)
11.4.11.4)

5.15 (br) 2.83 (dq,1 7.6, 7. 8, Hu)
19 4.67 (br) 0.88 3.67(dd, d.SOfm/ 1.35(d,7.5) 2,67 (br, OH9)

8.5,11.0) 2 .5 ,4 .5 ,4 .5)
5.03 (br) 2.93 (q, 7.5, Hu)

20 4.43 0.91 5.08 (dd, 4.78(m,i  1.23(d,7.6) 2.02(COCHa)
9 .0 .  11.4) 2 .1 ,4 .8 ,4 .8)

4.83 2.9 (q, 7.6, Hu)
21 5.07 (br) 0.86 2.83(brd, 5.10(m,d 1.31 (d,7.8) 3.06(br,Hs)

6.3) 2 .5 ,4 .5 ,6 .3)
5.91 (br) 3.46 (brq, 7.8, Hu)

22 4.77 (br) 0.87 4.35 (dd, 5.29 (m)* 1.26(d,7.3) 1.98(COCHs)
10.5.10.5)

5.02 (br) 3.02 (m, Hu)
6.70 (br,® OH and COOH)

23 1.95 (br) 1.23 5.00(brd,ll) 3.17(dd, 5.17(m) 5.82(br) 2.00(COCHa)
4 .0 . 11.2)

6.52 (br) 6.67 (br,® OH and COOH)
24 1.96 (br) 1.23 5.02 (brd, 11) 3.17 (dd, 5.15 (m) 5.73 (br) 1.98(COCHa)

4.0, 11.2)
6.38 (br) 2.1 (br,® OH)

3.78 (OCHa)
25 1.01 4.82 (dd, 5.43 (m)* 1.21 (d,7.5) 2.05(COCHa)

11.0.  11.0)
26 1.73 (d, 1.3) 1.63 (br) 5.27 (m) 2.8(m) 4.6 (m) 5.58(d,3.1) , 4.6 (m, Hi)

6.21 (d, 3.5)
26> 1.72 (d, 1.5) 1.69 (d, 1.0) 5.28* 2.9 (m) 4.7 (m) 5.05(d,3.2) 4.20 (d, 4.5,® OH)

4.7 (m, Hi)
6.19 (d, 3.5) 4.88(dd, 1.5,10.0, Hj)

28 4.88 (br) 1.10 4.58(dd, 2.73(m) 4.60 (m) 5.54(d,3.1) 2.23(br,®OH)
11. 1, 11. 1)

4.96 (br) 6.21 (d, 3.3)
29 1.88 (br) 1.34 5.20(brd, 2.80 (m) 4.60(m) 5.55(d,3.1) 1.9(br,®OH)

11.4)
6.31 (d, 3.4)

30 4.80 (br) 1.08 4.51 (dd, 4‘.28(m) 1.20(d,6.8) 2.38(br,»OH)
10.8.10.8)

4.91 (br) 2.76 (dq, 6 .8 ,1 2 .8 ,'Hu)
31 4.84 (br) 1.00 4.42(dd, 5.30 (m)* 1.22(d,0.7) 2.10(COCHa)

10.8,10.8)
4.95 (br) 1.15 (d, 6 .8)8 2.4 (m, Hit

32 5.0 (br, 2H) 1.18 5.22(brd, 5.C (m) 1.87 (d, 1.8) Sf. 13 (br,® OH)
11.2)
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Table I 
0Continued)

Com- Cl—Me Cu=CHj
pound or —CID Cio —Me He H7 He or —Me Miscellaneous

33 5.0 (br, 2H) 1.12 5.1(brd,ll) 5.90(dd, 1.98 (d, 1.9) 2.08(COCHs)
2.2,4.3)

34 1.70 (d, 1.0) 1.83 (d, 0.5) 5.20“ 4.35(m) 2.75 (br,8 OH)
3.38 (OCHe)
4.72 (dd, 1.5, 10, He)

35 1.55 (br) 1.55 (br) 3.33 (OCHe)
4.6-5,4 (m, Hi, He, He)

36 1.58 (br) 1.58 (br) 4.83" 4.08 (dt, 5.48 (d, 2.9) 2.89 (d, 10, He)
2.9, 3.2, 8.0) 6.34 (d, 3.2) 3.50 (d, 10, He)

5.15 (brd, 10.5, He)
5.2 (hr, lli)

“ Spectra were determined as given,25 with chemical shifts in 5 (parts per million) and coupling constants shown in parentheses in 
hertz; singlets are unmarked, d = doublet, m = multiplet with center given, q = quartet, t = triplet, and br = broadened signal. 
b In the 100-MHz spectrum this proton appears as a pair of doublets of unequal height, the A of an ABX pattern where J a b / A vab =  
0.57, J ab  =  10.0,and/Ax = 8.0. 0 As in b but at 60 MHz, /ab/Apab = 0.48, Jab = 10.0, and Tax = 8.1. d The multiplet is a split 
triplet, the X of an ABMX pattern. e In C6D6 as solvent. f  Sharpens to a split triplet (/ = 4.4, 10.2, and 10.2) after D2O exchange. 
o Lost in D20. h A tight “quartet’ ’ pattern X of an ABMX where all J  values are ~3. * A quintet formed by a pair of overlapping
quartets stands out clearly in the 100-MHz spectrum. > Determined in acetone-ds because of greater solubility and more reliable S 
and J  values. k As in c, J a b / A vab = 0.42, J ab  =  10.0, and / ax = 8.0. 1 Clearly seen as a six-peak pattern in the 100-MHz spectrum.
™ As in c, / ab/Apab = 0.35,/ ab = 10,and/AX = 9.0. “ As in c, J a b / & vab = 0.35, Jab = 10, and/ ab = 9.0.

gañese dioxide9 or Jones,10 Sarett,11 or Moffatt re- the a - ( 2 7 ) ,  f i - (28), and 7-cyclo-(29) isomers of which
agents.8 Many reaction products were formed but no only the latter two were obtained in pure form. The
ketones were detected (ir). The formation of acetylation of the /3 isomer 28 yielded /3-cycloepitulipin-
deacetyldihydro-/3-cycloisoepitulipinolide (19) from olide (16), establishing that the cyclization proceeds in
dihydro-/3-cycloepitulipinolide was further evidence for a manner analogous to that for epitulipinolide (3).
placing the C8 substituent in the axial position, as the Deacetyl-/3-cycloepitulipinolide (28) was hydrogenated
resulting cis-lactone is more stable than the I r a n s  over palladium-on-charcoal catalyst to give the dihydro
isomer.12 compound 30. The configuration of the newly estab-

The stereochemistry at Cu was established for de- lished asymmetric center (Cn) was assigned from the
acetyldihydro-)3-cycloisoepitul:pinolide (19) from the presence of a well-defined sextet for Hu in the 100-MHz
presence of a one-proton quartet at 5 2.93 ( J  — 7.5 Hz) nmr spectrum and is the same as found for dihydro-
for Hu. Double irradiation experiments in which the /3-cyclotulipinolide (11). Acetylation of 30 gave
Cn methyl doublet at S 1.35 was saturated collapsed compound 31, the Cu epimer of dihydro-/3-cycloepituli-
the quartet to a singlet. Since the coupling constant pinolide (18). Apparently, in the hydrogenation the
between H7 and Hu is virtually zero, then Hu must be C8 axial hydroxyl group does not introduce a significant
pseudoequatorial in the cfs-lactone6 and the Cu methyl steric hindrance relative to that of the H8 proton in
group is therefore positioned a in 19 and /3 in dihydro- /3-cyclo tulipinolide (6) to influence the manner of hy-
/3-cycloepitulipinolide (18).

Dihydro-/3-cycloepituli pinolide (18) was ozonized to
the nor ketone 25 which exhibited, as predicted for a CH3 OR CH3 OR
irans-decalin system, a negative Cotton effect curve at JL /—  1
290 mg ([©] -3870).

Since it was not possible to remove ihe acetate group M / tí
from dihydro-fl-cyeloepituhpinoUde (18) without 2 2 \ / — Cih
changing the position of lactone closing, cyclization of ]f 3 T
deacetylepitulipinolide (26) was necessary if a common 0 0
product was to be derived from the two tulipinolides. 30,R = H 32,R=H
Treatment of epi tulipinolide (3) with potassium hy- 31, R = Ac 33,R = Ac
droxide yielded the deacetyl compound 26, mp 186-
188°, [a]2iD +29.7°. The lactone ring was not . , , .
altered, for reacetylation gave epitulipinolide. Ap- drogen transfer yet an acetate group as m 28 reverses
parently, the stability difference between m - and the manner. A  minor product of the hydrogenation of
irans-lactones in the conformationally less rigid germa- 28 the isc‘mer 32 111 the conjugated exocyclic
cranolide ring system is not so great as was observed in methylene was converted into a vinyl methyl group,
the eudesmanolide system. Reexamination of the reduction by-products from d-

Cyclization of deacetylepitulipinolide (26) produced cycloepitulipmolide (16) hydrogenation revealed the
presence of the corresponding isomeric acetate 33.

(9) s. Bail, t . w. Goodwin, and R. a. Morton, B iochem . j ., 42, 5 16  Migration of the double bond in this manner on a
(1948). catalyst surface has been well established for other un-
DnffieidBanTdUc. Djerasai, t L k m (“ ' R' T' ApUn’ A' M' saturated 7-lactone6, especially in the pseudoguaianol-

(11) G. I. Poos, G. E. Arth, R. E. Beyler, and L. H. Sarett, J .  Amer. id© S6rÍ6S.*3 
Chem. Soc., 75, 422 (1953).

(12) G. H. Kulkarni, G. E. Kelkar, and S. C. Bhattacharyya, Tetrahedron,
20, 2639 (1964); C. D. Hufford and R. W. Doskotch, unpublished results (13) Numerous examples can be found in the review by J. Romo and A.
on studies connected 'with the c¿s-lactone pseudoguaianolide damsin. Romo de Vivar, Progr. Chem. Org, Natur. Prod., 25, 90 (1967).
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Oxidation of dihydrodeacetyl-/3-cycloepitulipinolide which showed no major uv absorption peaks above 210
(30) with Jones reagent yielded a product identical with npx and which gave a positive Zimmerman s test. The
the ketone 14 obtained from /3-cyclotulipinolide (6 ). three derivatives 26, 34, and 35 have physical properties
It follows that epitulipinolide (3) differs from tulipinol- (melting point, specific rotation, and characteristic
ide (2 ) in the stereochemistry at Ca and the only re- bands in the ir and uv) like those of substances reported
maining uncertainty in their structures was the stereo- to be derived in a similar manner from eupatoriopicrin
chemistry of the two endocyclic double bonds. Snatzke (37) . 19 On the basis of our results the structure for
and coworkers14 have studied the CD characteristics of eupatoriopicrin should be revised to 38 and the deriva-
a series of germacranolides and concluded that the tives thereof changed accordingly.
“ optically active” absorption bands at about 220 and In order to verify the stereochemical assignment of 
2 0 0  m u  are due to the exciton splitting of the homocon- the acetate group in epitulipinolide by another pro-
jugated transannular double bonds. These in turn cedure the Horeau “ partial resolution method20 was
reflect the chirality of that system. Costunolide with employed and deacetylepitulipinolide (26) was ester-
two t r a n s  endocyclic double bonds16 exhibited a positive ified with a-phenylbutyric anhydride. The a-phenyl-
Cotton effect curve at 220 mju ([0] +110,000), but the butyric acid isolated after acylation was negative in an
lower wavelength peak was not reached. Tulipinolide optical yield of 39.7%, thus requiring that the Cg carbon
and epitulipinolide gave similar results with positive have an S  configuration. Since the nmr and CD studies
peaks at 2 2 1  ([0 ] + 1 2 1 ,0 0 0 ) and 222 mM([0]+146,000), supported an R  configuration, this unexpected result
respectively. The two new germacranolides conse- needed explanation. When the Horeau method was
quently possess two t r a n s  trisubstituted double bonds. 16 applied to deacetyldihydro-/J-cyclotulipinolide (13) and
There was also observed in the CD a small negative deacetyl dihydro-/3-cycloopi tulipinolide (30) the isolated
Cotton effect curve at about 265 m/j for these three acid was positive (32.8%) and negative (19.4%), re
compounds. This absorption has been related recently spectively, and requiring again configurations opposite
to the stereochemical effect on the n -*■  x* transition of to previous assignments. Application of Brewster’s
the lactone carbonyl. 18 Our assignments are in com- benzoate method, 21 however, did yield results consis-
plete agreement. tent with the initial designations, for the difference in

With the structures for tulipinolide and epi- molecular rotation between the benzoate of deacetyldi-
tulipinolide thus established, it was possible to resolve a hydro-/?-cyclotulipinolide and the earbino- 13 was
number of inconsistencies that appeared early in the +176° (suggesting as S  configuration) and that for the
study. Epitulipinolide (3) on hydrolysis with sodium benzoate of deacetyldihydro-+cycloepitulipinolide and
methoxide gave the alcohol 34 which on oxidation 30 was — 195° (suggesting an if configuration),
afforded the ketone 35. The conditions of the oxida- The Horeau method has been applied to a number

of natural products22 including some sesquiterpene 
lactones of the pseudoguaianolide series. 28 The correct 
configuration was obtained for these examples where 

f J T  OCHg f ^  T  yOCH:j assignment of relative bulk for groups on carbons
_qh2 — CH2 adjacent to the hydroxyl-bearing carbon was made

’ o —/ 6 —/ according to the established order: R 3C - > R 2CH - >
X) D RCH 2-. In cases where the shape of the entire mole-

3,1 3 5  cule could influence the shielding of the hydroxyl, the
simple rules break down. Examples of such cases have 

q been considered24 and to these can now be added the
^  eudesmanolide alcohols 13 and 30. The steric

hindrance from the C 10 methyl, though one methylene 
I b ~ i  0 ~ T  group away from the hydroxyl-bearing carbon (C8),

"q ''q appears to be greater than from the adjacent trisub-
3g O stituted carbon (C7). For the more flexible deacetyl-
"" i epitulipinolide (26) the answer is less obvious, unless

37, R=CC=CH CH 2OH the C 10 methyl group is considered to be held by a ring
conformation in a manner which crowds the hydroxyl 
group. Studies with deacetyltulipinolide might have 
contributed to a better understanding of this anomaly, 

tion were the same as those used to convert deacetyl- but, unfortunately, the paucity of starting material
epitulipinolide (26) into the corresponding ketone 36, prevented the development of hydrolysis conditions to

yield that product.
(14) G. Snatzke, Riechs. Aromen, Koerperpflegem., 19, 1 (1969); M*

Suehy, L. Dolejs, Y. Herout, F. Sorm, G. Snatzke, and J. Himmelreich,
Collect. Czech. Chem. Commun., 34, 229 (1969). (19) L. Dolejs and V. Herout, Collect. Czech. Chem. Commun., 27, 2654

(15) R. B. Bates and D. M. Gale, J .  Amer. Chem. Soc., 82, 5749 (1960). (1962).
(16) A substance having the same general structure as tulipinolide {mp (20) A. Horeau and H. B. Kagan, Tetrahedron, 20, 2431 (1964).

.180° dec, [a]n +249° (c 4.8, CHCls), and identical stereochemistry at (21) J. H. Brewster, ibid., 13, 106 (1961), and referenses therein, as well
Ce, C?, and Cs) has been proposed for acetoxycostunolide {mp 98°, [a]D as M. Miyamoto, K. Morita, Y. Kawamatsu, Y. Kawashima, and K.
— 37.4° (c 5.9, CHCI3)), a crystalline acetate of an oily alcohol from Ar- Nakanishi, ibid., 23, 411 (1967).
temisia balchanorum H. Krasch.17 The latter substance most probably dif- (22) References to terpene and steroid examples are given in ref 23. A
fers from tulipinolide in the stereochemistry of the double bonds. mold metabolite, caldariomycin, in which the hydroxyl is flanked by a-

(17) M. Suchy, V. Herout, and F. Sorm, Collect. Czech Chem. Commun., chloro groups was studied by S. M. Johnson, I. C. Paul, K. L. Rinehart, Jr.,
28, 1618 (1963). and R. Srinivasan, J .  Amer. Chem. Soc., 90, 136 (1968).

(18) T. G. Waddell, W. Stocklin, and T. A. Geissman, Tetrahedron Lett., (23) W. Herz and H. B. Kagan, J .  Org. Chem., 32, 216 (1967.1.
1313 (1969). (24) A. Marquet and A. Horeau, Bull. Soc. Ckim. Fr., 124 (1967).
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E x p e rim e n ta l S e c tio n 25 The mixture of cyclocostunolides was applied to a column of
Tcnia+i^n r  14 gm of silica gel G (15%  A gN 03) and elution with the solvent
,, , f . , (2) and Epitulipinolide (3). The system of petroleum ether-isopropyl ether (3 :1 )  gave 26 mg of a

me hod for r^laUng tuhpmdide (2 ., mp 181 dec, M ” n + 2 6 0 o 7 . cycl0costunolide fraction which from C2H 50 H -H 20  yielded

0 0(123 MeOHl' 25° - 4 7 * 1  w  n m ° h * 6 h *  10 88 needles: mP §7 -8 8 °; [a]MD + 2 2 .2 °  (c 0.135, CHaOH);
■° 2 % )• y j.0 2̂64 4781, [e ]221 + 12 1 ,0 0 0 , has been uv end absorption 210 mM (log e 4 .43 ); ir 1765, 1670, 1257

reported.2 Epitulipinolide (3) was obtained m a similar manner ancj §25 cm “1
from later collections of Liriodend-on tu lip ifera  L . ,26 and from A naL  Cal'cd for Cl5H20O2: C, 77.55; H 6 86 Found- 
the mother liquors of tulipinolide by crystallization from petro- C 77 3 R H 8 7 1
leum ether (4 0 -6 0 °)-C 2H 5OH. In one collection simply con- After ’the y-cyclocOstunolide was eluted, the solvent was 
centratmg the petro eum ether percolate at reduced pressure changed to isopropyl ether which gave the a . cyciOCostunolide 
and addmg an equai voiuine of isopropyl ether gave a 0 .5%  fraction (111 ). 0 n crystallization from C2H60 H -H 20 ,  8

I « ?  WaS ° btained: mP 82- 8 3 ° + 112° (c ° -25 ’ CHsOH);
73isii 'jliafPnnn ° '04°  and 0 -0020- 2o ’ .[®j,2.64 uv end absorption 210 mM (log e 4.07) {li t .4 mp 8 3-84°; [«]26d

.~ 7180’ [eh ^ 6 ’° °  : , UV« absorP*1011 219 O*« ^ - 3 6 ) ;  + u 8 .  (CHCls); uv end absorption 210 mM (log«4 .00 ) } .
ari /  ? f  (a.+unsaturated 7 -lactone) 1735 and A naL  Calcd for Cl5H2„02: C, 77.55; H, 8 ,6 8 . Found:

12o0 cm 1 (acetate). The mass spectrum showed M + 290 q  77 4g. n  8 84
(0.1% ) and other peaks a t » / «  248 (1 .3) 230 (20) and 43 (100). ’X he ¿cycW osUmolide fraction (106 mg) was obtained by 
r ^ pa„ ; .  2 al®d f o r  Ci’H22° 4- C = 70.32, H, 7.64. Found. continued washing of the column with the same solvent until the

r  - j . - 1 ( T i - -  . , , ,  m „„„ , , ,  effluent no longer contained a K M n 04 reducing solute. Crystal-
Epoxidation of Tulipinolide (2 ). To 300 mg of m-chloroper- lization from c 2H 60 H -H 20  yielded 9 : mp 6S-69°; [a ]*n

benzoic acid m 20 ml of CHCla was added 145 mg of 2 . After +  i 6 6 ° (c 0 .235, CH3OH); uy end absorptiong 210 m/x log e
24 hr at 5 the solution was shaken with 10-ml portions of 5%  3.89) {lit .4 mp 6 6 .5 -67°; M 2+  + 1 7 9 °  (CHCh); uv end absorp-
aqueous N a2S 0 3 until the CHC13 layer gave a negative starch- tion 205 m^ (log e 4 18)}- ir 1762 1673 1 6 5 1 cm -1 
iodide test and then extracted with dilute N aH C 03 soiution, A naL  Calcd for C,’5H2„02: ’ C, 77.55; H, 8 .68 . Found- 
dried (JNa2bU4), and evaporated. The residue gave 121 mg C 77 39- H 8 52

S Hru Hn W1  -he177 -er X,id<;  4 : 1 I T ?  Cyclization of Tulipinolide (2).- T o  534 mg of 2 in 50 ml of
+  i f  -w  l 0  ’ lr,177® ^ - lactone)’ 1749> 1240 (acetate), chloroform was added 1.0 ml of SOCl2. After 30 min the solvent 
and 166- cm (exocychc olefin). was evaporated at reduced pressure and the residue crystallized
r i s T « -  u  fi'oo01' CnH220 6. C, 63.34, H , 6 .8 8 . Found: from isopropyl ether to give 239 mg of needles, mp 110-111°,

« , - . 7  7  ,• - VA * 1 ,- t onn , „ whioh gave two sP °ts on tlc with 5 % AgNOs-impregnated ad-
• ^ 0°  °/ySf S f  1 Ullp,m+0lldf  io ' A , solutlon of 290 mg of 2 sorbent. Separation of these crystals was accomplished on a
m 40 ml of ethyl acetate at 0 was treated with 1%  ozone in colurnn with 14 g of the same adsorbent using isopropyl ether-
oxygen for 30 mm. The residue on evaporation at reduced CHCl3 (4 ;1 )  as solvent. xh e first eluted material wag the
pressure and 30 was treated with 25 ml of water, warmed for cyclotulipinolide fraction (49 mg) from which 40 mg of 5 crystal-
1 hr on a steam bath, and steam distilled. The distillate col- lized (isopropyl ether) as prisms: mp 110-111°; [ « p D + 1 8 7 °
lected in 25 ml of 2 .5%  2,4-dmitrophenylhydrazine in 2 N  (c 0 .685, MeOH); uv end absorption 210 mM (log e 4.20);
H2S 0 4 gave 139 mg of an orange-red precipitate which crystal- ir 1767 (7 .iactone), 1739 (acetate), 1671 (olefin), and 1200-1255
lized from chloroform as yellow-orange needles (107 mg), mp cm “1 (C -O -C  stretching).
206° which showed no depression when admixed with an authentic A naL  Calcd for c 17h 22o 4: C, 70.32; H, 7 .64. Found-
sample of the 2,4-dinitrophenylhydrazone of levulinic acid. q 7Q 3 3 . H 7 77
Both gave the same ir spectrum. . . .  The second eluted fraction (160 mg) crystallized as plates

Cyclization of Costunolide (1).— A solution 250^mg of from isopropyi ether to give ^cyclotulipinolide (6 ) (140 mg):
C0?fiURa0 1 toi ( 1)J P , n  o o f ’020 “ d ^ f l ? + CH30+H )’ .20 P 26,2 mP 136-137°; M 25n + 2 1 3 °  (c 0.305, CI+O H); uv end absorp-
" 6 6 6 0  t0 ! 22» +  110.000 } in 50 ml CHCh containing 0.1 ml tion 2 10 mM (log e 3 .83); ir 1767, 1737, 1668, 1645, and 1200-
of SOCI227 was kept at room temperature for 30 mm. The oily 1255 cm -1
residue (266 mg) remaining after evaporation of solvent at A naL  ¿ alcd for C„H220 4: C, 70.32; H, 7 .64. Found:
reduced pressure and 40 showed one spot (Rt 0 .6) on tic (iso- q  70.43" H 7.75.
propyl ether as solvent). On tic plates [petroleum ether- ’An' additional proportionate amount of compounds 5 and 6 
isopropyl ether (3:1)1 poured with 5%  AgNO, , 28 three spots could be obtailled from the cyclization reaction mother liquors, 
were obtained but better resolved with 15%  A gN 03, giving R ; xhe presence 0f 7-cyclotulipinolide was not observed.
0.10 [d-cyclocostunohde (9)], 0.22 [a-cyclocostunohde (8 )], and Dihydro-/3-cyclotulipinolide (11).— /3-Cyclotulipinolide (6 ) (81
0.39 [y-cyclocostunolide (10)]. mg) ¡n 3̂ abgoiute C2H 5OH was hydrogenated over 66 mg

(25) Melting points were taken in 3apillaries on a Thomas-Hoover of 5 % pd 011 charcoal at atmospheric pressure and ambient
apparatus and are uncorrected. Elemental analyses were by Mr. Joseph temperature. After uptake (10 min) of 1 mol equiv of hydrogen,
F. Alicino, Metuchen, N. J., and by Dr. Alfred Bernhardt, Germany. In- the catalyst was removed and the solvent evaporated. The oily
frared spectra were taken in CHCU on a Perkin-Elmer Model 237 or 257 residue (82 mg) showed two spots on tic (isopropyl ether-CHCls
spectrophotometer and ultraviolet spectra were obtained in CH3OH on a (4 :1 ))  at Ri 0.55 and 0.40 utilizing A gN 03-treated plates. A
Cary Model 15 spectrophotometer. The nmr spectra were measured in column separation utilizing the same adsorbent (14 g) and solvent
CDCls on a Varian A-60A instrument with (CHaRSi as internal standard s stem ave 20 of the first less-polar fraction which was 
unless otherwise stated, and chemical shifts reported in B (ppm) units. The , , . ,  c , ,  . , .rtT>T-v j , j . . , r rw  ta / shown by nmr "O be a mixture of at least two substances andORD, CD, and optical rotation values were determined on a Jasco ORD/ . . .  .
UV-5 spectropolarimeter or the latter on a Zeiss polarimeter. Mass spectra was not farther studied. Decreasing the amount of catalyst by
were obtained on an AEI MS-9 double-focusing instrument and samples about One-half eliminated this first fraction.
were introduced via the direct inlet probe. Thin layer chromatography The second fraction (54 mg) on crystallization from isopropyl
(tic) was performed on siica gel G (Merck) with detection by iodine vapor ether gave pure dihydro-)3-eyclotulipinolide (11) as plates (40
or spraying with 0.3% KMnOi solution. Plates incorporating AgNOa mg): mp 139-140°; [a] 25D + 1 3 6 °  (c 0.415, CH3OH); ir 1775
AV-ere poured as a slurry with the per cent (w/v) of complexing agent indicated. (7 -lactone), 1735 (acetate), and 164S cm " (olefin).
Columns run with such adsorbents were made from thep owdered (through ¿ « 0*. Calcd for C„H 240 4: C, 69.83; H, 8 .27. Found:
100-mesh), dried (110°) slurries prepared for the plates and were contin- q 70 17' H 8 44

U0(2S«  c'ohections'<oT remt̂ bark were obtained from trees grown in Virginia Ozono’lysis of Dihydro-+cyclotulipinolide (11) to the Ketone
through the courtesy of Dr. Robert E. Perdue, Jr., of the U. S. Department of 12. A solution, of 50 mg of 11 in 10 ml of acetic acid at 10 was
Agriculture, Beitsvilie, Md., under agreement with the CCNSC. The 1964 treated with a stream of oxygen containing about 3%  ozone for
collection contained 0.4% tulipinolide and 0.1% epitulipinolide, but the 10 min. The reaction solution at ambient temperature was
1965 and 1968 supply yielded only epitulipinolide. shaken with 0.25 g of Zn dust for 30 min and then filtered. The

(27) The use of thionyl chloride for cyclization is unusual and was dis- residue remaining after evaporation of the solvent W-as crystal-
covered accidentally. Its exact role has yet to be determined, but since the lized frQm isopropyl ether-C2H5OH to give 22 mg of the ketone
yields obtained with it were better than those from the use of boron tri- ___ -i,7o 1700 , r 125̂  i ao to /„ r\ o^r a it \., , ,] . . ,  , , , . . 12. mp l /o —1/y , [a D q-bo.< (c U.24o, bUfluoride etherate or hydrochloric acid, it was employed exclusively. * nr o t/ai Aann n or / nr \

(28) A collection of references to separations of unsaturated substances on <« OAOo, CH3O + ), 2o [0 ]29„ -4 6 7 0 ;  UV max 285 mM (e 35); ir
AgNCh-treated adsorbents is found in E. Heftmann, “Chromatography,’* 1780 ('y-lactonc) a.nd 1730 cm (a broad double-intensity band
2nd ed. Reinhold Publishing Corp., New York, N. Y., 1967, pp 485-488. for acetate and cyclohexanone) and no olefinic bands.
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A nal. Calcd for C16H22O5: C, 65.29; H, 7 .53 . Found: The third fraction crystallized from isopropyl ether to give
C, 62.59; H , 7.73. prisms (91 mg) of the /3 isomer 16: mp 127-128°; [a ]25D + 4 2 .5 °

Deacetyldihydro-/3-cyclotulipinolide (13).— To a 2.5-ml solu- (c 0.27, CH3OH); uv end absorption 210 m/a (log « 4 .02 ); ir
tion of NaOCH3 from 12 mg of N a was added 60 mg of dihydro- 1769 ,1739 ,1667 , 1653, and 1251 cm -1 .
d-cyclotulipinolide (11). After 20 hr at ambient temperature A nal. Calcd for C17H22O4: C, 70.32; H , 7 .64. Found:
the solution was acidified with acetic acid, diluted with water, C, 70.29; H ,7 .6 7 .
and extracted with CHCI3 several times. The CHCI3 extract Dihydro-d-cycloepitulipinolide (18) and +Isocycloepitulipino-
was washed with water and dried (Na2S 0 4), and the residue after lide (33).— /3-Cycloepitulipinolide (16) (120 mg) in 10 ml of
evaporation was crystallized as long needles from isopropyl absolute C2H5OH was hydrogenated over 60 mg of 5%  Pd on
ether-CHCh to give 43 mg of 13: mp 218-219°; [a]25D + 1 7 2 °  charcoal as catalyst at atmospheric pressure and ambient tem-
(c 0.38, CH3OH), [M]d + 4 3 2 ° ; ir 3593 and 3443 (hydroxyl), perature. The reduction was terminated after uptake of 1 mol
1765 (y-lactone), 1650 and 873 cm -1 (olefin). equiv of hydrogen, the catalyst was removed by filtration, and the

The product 13 was reacetylated by treatment of 20 mg with residue remaining after evaporation of solvent was crystallized
0.5 ml each of acetic anhydride and pyridine for 24 hr followed from isopropyl ether to give prisms (42 mg) of 18: mp 160-161°;
by the usual work-up to give a substance (20 mg) identical [<x] 25d + 6 5 .5 °  (c 0.625, CH3OH); ir 1774 (y-lacoone), 1740
(melting point, mixture melting point, and ir) with dihydro-/3- (acetate), 1650 (olefin), and 1240 cm -1 (C -O -C ). 
cyclotulipinolide 11 . A n al. Calcd for C17B 24O4: C, 69.83; H , 8 .27. Found:

A n al. Calcd for Ci5H220 3: C, 71.97; H , 8 .86 . Found: C, 69.95; H .8 .2 0 .
C, 72.31; H , 9 .05. The mother liquor residues (260 mg) from a number of hydro-

The benzoate ester of 13 was prepared by treatment of 40 mg genations were chromatographed on columns employing 5%
of 13 with 0.50 ml of pyridine and 0.10 ml of benzoyl chloride A gN 03-treated plates and erher-isopropyl ether (1 :9 )  as solvent,
for 24 hr; 5 ml of H20  was then added followed by 100 ml of The first few fractions gave an oil (37 mg) lacking olefin bands in
ether. The reaction mixture was extracted successively with 1 the ir and were not further investigated. The second fraction
N  H 2S 0 4, H20 ,  5%  N aH C 03, and H20 ,  then dried (Na2S 0 4). (179 mg) crystallized from isopropyl ether as flattened cubes of
Removal of solvent left 39 mg of an oil that was purified on 7 g /3-isocycloepitulipinolide (33): mp 111-112°; [a ]26D + 1 0 3 °  (c
of 5%  A gN 03-prepared adsorbent, eluting with isopropyl ether- 0.31, CH3OH); uv max 218 mp (log «3 .99); ir 1750 (7 -lactone),
CHCI3 (4 :1 ) . The first fraction (22 mg) was crystallized from 1685, and 1650 cm -1 (olefins).
isopropyl ether-CH3OH to give 13 mg of the benzoate as needles: A nal. Calcd for CnH220 4: C, 70.32; H , 7 .64 . Found:
mp 106-107°, [«]25d + 1 7 1 .4 °  (c 0.28, CH3OH), [M ]25d + 6 0 7 ° . C, 70.01; 11,7.29.
The ir lacked -OH absorption but showed peaks at 1715 (benzo- Hydrolysis of Dihydro-,3-cycloepitulipinolide (18) to the
ate ester), 1603, and 1583 cm ' 1 (aromatic). The difference in Hydroxylactone 19.— A solution of 140 mg of 18 in 5 ml of CH3OH
[M]d between the benzoate a,nd the alcohol ([M ]d + 4 3 2 ° )  is originally treated with 23 mg of N a was kept at ambient tempera-
+  175°, indicating an alcohol with an S  configuration.21 ture for 20 hr. The solution was then diluted with 10 ml of H20 ,

In the Horeau procedure, 96.0 mg of a-phenylbutyric anhy- acidified with acetic acid, and extracted with three 50-ml portions
dride and 21.0 mg of 13 in 0.8 ml of pyridine were allowed to of CHC13. The CIICI3 extract was washed with 5%  NaHCOs
react for 16 hr. The optically active a-phenylbutyric acid and H20  and dried (Na2S 0 4). On solvent evaporation a residue
{71.0  mg, [a]25D + 4 .9 3 °  (c 1.42, C6H 6)} was isolated as already was left (101 mg) that crystallized from isopropyl ether to give
described.23 The optical yield was ( + )  32 .8%  suggesting an R  71 mg of 19 as needles: mp 154-156°; [a] * d + 7 5 .3 °  (c 0.465,
configuration for the alcohol. The examination of the neutral CH3OH); ir 3581 and 3410 (hydroxyl), 1768 (7 -lactone), and
fraction by ir showed no starting material. 1648 cm -1 (olefin). In other runs, the same product was ob-

Oxidation of Deacetyldihydro-/3-cyclotulipinolide (13) to the tained in the same yield when the acidification step was omitted.
Ketone 1 4 — Compound 13 (20 mg) in 2 ml of acetone was stirred A nal. Calcd for Ci6H2£0 3: C, 71.97; H, 8 .86 . Found:
magnetically and 0.05 ml of Jones reagent10 was added. After C, 72.43; H ,8 .68 .
5 min at ambient temperature, 2 ml of CH3OH was added /J-Cycloisoepitulipinolide (20).— The hydroxylactone 19 (49
followed by 50 ml of diethyl ether. The ether solution was mg) jn o.75 ml of pyridine was treated with the same volume of
extracted with 1%  NaHCCh and water and then dried (Na2S 0 4). acetic anhydride. About 20 hr later the solution was diluted
Evaporation of the solvent left an oil that crystallized from with 180 ml of ether and extracted successively with 25-ml
isopropyl ether as prisms to give 15 mg of ketone 14: mp 141- portions of 5 %  oxalic acid, 5%  NaHCOs, and water. The dried
142 ; [«]25d —27.3 (c 0.128, CH3OH); CD (c 0.128, CH3OH), (Na2S 0 4) ether solution on evaporation left 50 mg of a residue
25 , [O]230 —8560; uv max 280 m^ (« 29); ir 1769 (7 -lactone), that crystallized from isopropyl ether as feathery needles of 20
1725 (cyclohexanone), 1651, and 875 cm " 1 (olefin). (41 mg) : mp 150-151°; M 5d + 6 3 .3 °  (c 0.S0, CH3OH); ir

A nal. Calcd for C i 5H 20O s : C ,  72.55; H , 8.12. Found: 1773 1'7 -lactone), 1729 (acetate), 1650 (olefin), and 1250 cm -1
C, 72.33; H , 8.02. (C -O -C ).

Cyclization of Epitulipinolide (3).— A solution of 1.0 g of 3 A nal. Calcd for Ci7H240 4: C, 69.83; H , 8 .27. Found:
in 30 ml of chloroform containing 1.0 ml of S0C12 was kept at C, 69.56; H, 8.60.
ambient temperature for 30 min with occasional stirring. Re- Oxidation of the Hydroxylactone 19 to the Ketone 21.— To
moval of solvent by evaporation left 1.05 g of an oily residue that the hydroxylactone 19 (49 mg) in 0.2 ml of (CH3)2SO was added 
crystallized on addition of isopropyl ether to give 680 mg of a o.5 g of dicyclohexylcarbodiimide, 0.2 ml of 1 mAf H3PO4 in
mixture of needles and prisms (mp 121-122°). Tic on 5%  (CH3)2SO, and 2 ml of CeH6. After 30 hr at ambient temper-
AgNOs-impregnated plates [isopropyl ether-CHCfi (4:1)] re- ature the mixture was diluted with 50 ml of ethyl acetate and
vealed three spots, Rs 0.53 [7 -cycloepitulipinolide (17)] , 0.40 0.5 gm of oxalic acid in 2 ml of CH3OH was added.' The precipi-
[a-cycloepitulipinolide (15)], and 0.15 [/3-cycloepitulipinolide tated dicyclohexylurea was collected after 30 min and the filtrate
(16)]. Separation of the isomers was performed on columns using was washed with two 10-ml portions of water, dried (Na^SOO,
the same solvent system and adsorbent, 14 g for each 200 mg of an(j evaporated. The small amount of the urea still contaminat-
the mixture (crystalline and mother liquor residue). Typical jng the residue was removed by mixing with diethyl ether and
results are as follows. filtering. The filtrate residue (31 mg) crvstallized from iso-

The first fraction (tic-monitored) crystallized from isopropyl propyl ether as prisms (15 mg) of 21: mp 152-154°; [a ]» D + 1 1 0 °
ether-C2H 5OH to give glistening needles (29 mg) of the 7  isomer (c 0.10, CH3OH); uv max 285 mM (« 31); ir 1775 (7 -lactone),
17: mp 151-152°; [a ]2oD —47.0° (c 0 .50, CH3OH); uv end and 1721 cm -1 (cyclohexanone) .29
i  2710 4 -22 ) ; i r l 768 (v-iactone) , 1731 (acetate), A naL  Calcd for C15H2„0 3 : C, 72.55; H, 8 .12 . Found:
1650 (olefin), and 1250 cm -1 (C -O -C ). q  7 2 7 1 - H 8 39

f ° r ^ 17® 22®4: 70.32; H , 7.64. Found: Hydrolysis of Dihydro-d-cycloepitulipinolide (18) to the
G, 70.20; H , 7 .40. Hydroxy Acid 22 .— A solution of 206 mg of 18 in 40 ml of C2H 5OH

The second fraction crystallized slowly from isopropyl_ether was stirred with 300 mg of N a2C 0 3 in 60 ml of H 20  for 20 hr.
to give 39 mg of feathery needles of the a  isomer 15: mp 7 5-76°; Acidification with acetic acid was followed by extraction with
[a ]25d  + 4 5 .6  (c 0.34, CH3OII); uv end absorption 210 m/x three 50-ml portions of CHCI3 and drying of the extract with
(log«4 .10); ir 1768 ,1740 ,1650 ,1250  cm '.  N a2S 0 4. The residue (150 mg) from the CHCI3 extract crystal-

A n al. Calcd for CnH220 4: C, 70.32; H, 7 .64. Found: lized to give 110 mg of silky needles of 22: mp 170-171°; [ a ] 26D
C, 70.44; 11 ,7 .92 . —33.3° (c 0.18, CH3OH); ir 3587 (hydroxyl), 1734 (acetate),
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1701 cm -1 (carboxyl), as well as the characteristic broad absorp- indicate an S  configuration; see discussion for analysis of this
tion between 3400 and 3000 cm -1 for carboxylic acids. result. The neutral crystalline fraction (103 mg) from the esteri-

A nal. Calcd for CnH^Os: C, 65.78; H, 8 .44. Found: fication contained no starting material as shown by the ir spec-
0 ,6 5 .4 9 ; H ,7 .6 8 . trum.

Hydrolysis of 7-Cycloeptiulipinolide (17) to the Hydroxy Acid Cyclization of Deacetylepitulipinolide (26).— To a solution
23.— A solution of 17 (265 mg) in 50 ml of C2H6OH and a solution of 600 mg of 26 in 70 ml of CHCls was added 1.0 ml of SOCl2
of 300 mg of N a2CC>3 in 75 ml of H 20  were stirred together for and after 30 min at ambient temperature the solution was evapo-
20 hr. The reaction mixture was acidified with acetic acid and rated at reduced pressure. The residue deposited silky needles
extracted with chloroform, and the solvent was evaporated after (150 mg) from isopropyl ether as a first crop (fraction A) and
drying (Na«S04) to leave a 200 mg residue. Crystallization mostly prisms (250 mg) as a second crop (fraction B ). Both
from isopropyl ether gave fine needles (150 mg) of 23: mp 147- fractions were mixtures as evidenced by tic and nmr. Recrystal-
1490; [a] 25d —21.8° (c 0 .55, CH3OH); ir 3600 (hydroxyl), lization of A (mixture of a  and 7  isomers) from isopropyl ether-
1735 (acetate), and 1694 cm -1 (a,/3-unsaturated carboxylic acid), C2H6OH gave pure deacetyl-7 -eycloepitulipinolide (29) (50 mg):
as well as the typical broad band between 3400 and 3050 cm -  mp 202-203°; [<*]25d —63.2° (c 0 .245, CH3OH); ir 3600 and
for carboxylic acids. 3400 (hydroxyl), 1776 (7 -lactone), and 1670 cm -1 (olefin).

A nal. Calcd for CnH240 5: C, 66.21; H , 7 .85. Found: A nal. Calcd for Ci6H2o03: C, 72.55; H , 8 .12 . Found:
C, 66 .43 ; H, 7.89. C, 72.19; H, 8.23.

Methylation of Hydroxy Acid 23 to the Ester 24.— The hydroxy Chromatography of fraction B on 14 gm of 5%  A gN 03-impreg-
acid 23 (50 mg) dissolved in 3 drops of C2H6OH was diluted nated adsorbent and elution with ether resulted in two fractions,
with 10 ml of diethyl ether and cooled to 5 ° . An ethereal solu- The first a mixture of a  and 7 isomers yielded more (51 mg) of the
tion of CH2N2 was added while stirring until a persistent yellow crystalline 7  isomer 29. The second (93 mg) was essentially pure
color was reached. Evaporation of the solvent left a crystalline deacetyl-/3-cycloepitulipinolide (28) which crystallized from
mass (55 mg) that was recrystallized from isopropyl ether to give isopropyl ether-C2H 5OH as prisms: mp 140-141°; [a]26D + 6 7 .3 °
30 mg of the ester 24 as needles: mp 131-131.5°; [a ]25D —21.8° (c 0.26, CH3OH); ir 3600 and 3500 (hydroxyl), 1762 (7 -lactone),
(c 0.505, CH3OH); ir 3600 and 3500 (hydroxyl), 1732 (acetate), 1675, and 1652 cm -1 (olefins).
and 1727cm -1 (m ethylester). A nal. Calsd for Ci5H2o0 3: C, 72.55; H , 8 .12. Found:

A nal. Calcd for C18H 260 5: C, 67.06; H, 8.13. Found: C , 72.33; H .8 .0 2 .
C, 66.89; H , 8 .41. Although the a  isomer was formed in the reaction as evidenced

Ozonolysis of Dihydro-d-cycloepitulipinolide (18) to the Ketone from the nmr spectra of the less polar mother liquors, a pure
25.— Oxygen containing about 3%  ozone was passed through an sample was not available either through repeated crystallization
acetic acid solution of 200 mg of 18 for 25 min while cooling at or by column chromatography. Additional quantities of the
10°. The reaction mixture was diluted with 100 ml of ether and pure /3 and 7  isomers were obtained by chromatography of
shaken with 1.0 g of Z11 dust for 30 min. Removal of the Zn mother liquor residues.
and evaporation of the filtrate gave a crystalline residue (125 mg) Acetylation of Deacetyl-/3-cycloepitulipinolide (28) to 16.—
which was recrystallized from absolute C2H5OH to give fine A 25-mg sample of 28 was added to 0.5 ml of pyridine and 0.5 ml
needles (97 mg) of ketone 25: mp 210° after yellowing at 190°; of acetic anhydride. After 20 hr the reaction mixture was di-
[a] 25d + 2 7 .3 °  (c 0 .55, CH3OH); CD (c 0.095, CH3OH), 25°, luted with 50 ml of diethyl ether and extracted successively
[0 ]29O —3870; uvm ax 285 m/x (t 26 .5); ir 1776 (7 -lactone), 1739 with 10-ml portions of 5%  oxalic acid solution, 5%  NallCOs
(acetate), and 1720 cm -1 (cyclohexanone). solution, and H20 .  The dried (Na2S 0 4) ether solution on

A nal. Calcd for CieH220 5: C, 65.29; H, 7 .53. Found: evaporation left a residue that from isopropyl ether gave prisms
C, 65.49; H, 7 .68. (20 mg) of 0-cycloepitulipinolide (16), mp 127-128° (undepressed

Deacetylepitulipinolide (Eupatolide) (26).— Epitulipinolide (3) when admixed with authentic 16); the compound gave the same 
(100 mg) was stirred in 20 ml of 60%  aqueous CHsOH containing ir spectrum as that of authentic 16.
100 mg of KO H . After 20 hr at ambient temperature the CH3OH Dihydrodeace:yl-S-cycloepitulipinolide (30) and Deacetyl-/3-
was removed by evaporation and the aqueous solution acidified isocycloepitulipinolide (32).— Deacetyl-/3-cycloepitulipinolide (28)
with 1 N  H2S 0 4 to give a cloudy suspension. The mixture was (76 mg) was hydrogenated in 17 ml of absolute C2H6OH over
extracted with three 50-ml portions of diethyl ether and the 50 mg of 5%  Pd on charcoal as catalyst at ambient temperature
combined extract washed with 5%  N aH C 04 and H20  and then and atmospheric pressure. The uptake of 1 mol equiv of hydro-
dried (Na2S 0 4). Evaporation of the solvent and crystallization gen was rapid (~ 9  min) and the reaction was stopped; the
of the residue from isopropyl ether gave fine prisms of deacetyl- catalyst was removed by filtration. The residue (64 mg) re-
epitulipinolide (26): mp 186-188° (lit.19 mp 182-188° as eupato- maining after evaporation of the solvent gave two spots (Rt
lide); [a ]KD -{-29.7° (c 1.88, acetone); ir 3400 (hydroxyl), 1757 0.35 and 0.25) on tic with ether as solvent. The major product
(7 -lactone), and 1652 cm " 1 (olefin). (Ri 0.35) crystallized from isopropyl ether-absolute C2H 5OH

A nal Calcd for Cr,H20O3: C, 72.55; H , 8 .12. Found: to give 33 mg of dihydrodeacetyl-/3-cycloepitulipinolide (30):
C, 72.34; H ,8 .4 6 . mp 169-170°; M 26d + 8 7 .5 °  (c 0 .24, CH3OH), [ M ]25d + 2 1 9 ° ;

I t  was not possible to apply Brewster’s method21 for determin- ir 3400 (hydroxyl), 1760 (7 -lactone), and 1652 cm “1 (olefin), 
ing the configuration of the hydroxyl in 26 as the benzoate ester A nal. Calcd for Ci6H220 3: C , 71.97; H , 8 .8 6 . Found:
could not be made by treating 26 with benzoyl chloride in C ,7 1 .8 6 ; H ,8 .S 0 .
pyridine or by refluxing with benzoic anhydride in pyridine. The mother liquor residue (30 mg) was streaked on 1-mm-thiek

In applying the Horeau procedure, 240.7 mg of a-phenybutyric preparative tic plates and developed by diethyl ether. The
anhydride and 72.0 mg of 26 in 2.5 ml of pyridine were allowed Ri 0.25 zone was removed and extracted with CHCh, and the
to react for 16 hr, then 1 ml of H20  was added, and 141.0 mg of residue (23 mg) remaining after evaporation of solvent was
a-phenylbutyric acid, M 25d - 8 .7 °  (c 2.82, C6H6), was isolated crystallized as needles from isopropyl ether-C2H5OH to give 15
as m-eviouslv described.28 The optical yield of ( - )  39.7%  would mg of deacetyl-/3-isocycloepitulipinolide (32): mp 147-148°;
____________  [a]25d + 1 0 0 °  (c 0 .15, CH3OH); ir 3590 and 3440 (hydroxyl),

(29) Ketone 21 gave a strongly positive Zimmerman's test3» and was in- 1750 (y-lactone), 1685, and 1650 cm -1 (olefins).
terpreted as resulting from the production of the diketone ii by the retro- A nal. Calcd for Ci4H20O3: C, 72.55; H , 8 .12. Found:
aldol opening of the /3-hydroxy ketone i formed under the strongly alkaline q  c-g. J.J g Qg
conditions of the test. The generated «-methylene keto groups in ii would egter of 3Q was prepared from 39 mg of 30,
then give the positive resu t. q.5 mi of pyridine, and 0.1 ml of benzoyl chloride. After 24 hr

CH3 the reaction mixture was treated with 5 ml of H20 ,  diluted with
q  100 ml of ether, and extracted successively with 1 N  H2S 0 4,

2 j __ ^ | j ” \ = o  __ ► \ j TT S = 0  H 20 ,  5%  NaHC0 3, and H20 .  The dried (Na2S 0 4) ether phase
Tf/ l'/  gave a reslc*ue <31 mg) that crystallized from isopropyl ether to

p I | || I give 24 mg of the benzoate as needles: mp 174-174.5°; [a]25D
CH3 0  CH3 CH3 0  CH3 + 6 .7 °  (c 0.30, CH3OH), [M ]25d + 2 3 .7 ° .  The ir lacked -OH

absorption but instead had peaks at 1716, 1603, and 1583 cm -1, 
1 11 characteristic of benzoates. The difference in [M ] d between

(30) R  Neher, "Steroid Chromatography,” Elsevier Publishing Co., th e  b e n z o a te  and th e  alcoh o l ( [ M ] d + 2 1 9  ) i s — 195 . in d ic a t in g
New York, N. Y„ 1964, p 125. a n  alcoh o l w ith  a n  R  c o n fig u ra tio n .21
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In the Horeau procedure, 83.0 mg of a-phenylbutyric anhy- crystallized from isopropyl ether as needles (19 mg) of 33:
dride and 25.0 mg of 30 in 1 ml of pyridine were allowed to react mp 87-8 7 .5 ° ; M 25d —409.5° (c 0 .21, CH3O E ) (Ik .19 mp 8 7 -
for 16 hr. The a-phenylbutyric acid, 82.0 mg, M 26d - 3 .9 6 °  8 7 .5°); uv max 303 mM (>456) and end absorption 210 (loge3 .88);
(c 1.64, C6H 6), was isolated as already described.23 The optical ir 1775 (7 -lactone) and 1707 cm -1 (ketone). The product 35
yield of ( - )  19.4%  suggested an S  configuration. The neutral gave a positive Zimmerman’s test.30
fraction on examination in their showed no starting material. A nal. Calcd for C16H22O4: C, 69.04; H , 7 .97. Found:

Acetylation of Dihydrodeacetyl-0-cycloepitulipinolide (30) to 0 ,6 8 .9 4 ; H ,7 .9 5 .
31 . A 43-mg sample of 30 was dissolved in 0.5 ml of pyridine Oxidation of the Hydroxylactone 26 to the Ketone 36.— The
and 1.0 ml of acetic anhydride added. After 20 hr about 5 g of lactone 26 (124 mg) was dissolved in 20 ml of acetone and after
ice was added followed by 5 ml of 5%  NaHCOs solution. After cooling the solution to - 5 ° ,  Jones reagent10 (0.20 ml) was added
1 hr the mixture was extracted with three 25-ml portions of while stirring. The reaction was stopped after 6 min by the
diethyl ether and the extract was washed successively with 1 N  addition of 2 ml of CH3OH. The mixture was filtered and the
H2SO4, H20 ,  5%  NaHCOs, and H20  again. The dried (Na2S 0 4) filtrate diluted with 50 ml of H20  and extracted with two 250-ml
ether solution left a residue (50 mg) on evaporation that crystal- portions of diethyl ether. The ether extract was washed with
lized from petroleum ether—isopropyl ether as fine rods (33 mg): 5%  NaHCCh and H20  and then dried (N a2S 0 4). The crystalline
mp 8 4-85°; [« ]26d + 6 2 .6 °  (c 0.335, CH3OH); ir 1775 (7 -lactone), residue (85 mg) remaining on evaporation of the solvent was
1740 (acetate), 1655 (olefin), and 1245 cm “1 (C -O -C ). recrystallized from petroleum ether-C2H 5OH to give 74 mg of

A nal. Calcd for C17H 24O4: C , 6 9 .8 3 ; H, 8 .2 7 . Found: needles of 36: mp 1 2 7 -1 2 8 ° ; M 25d —563° (c 0 .3 7 , CH3OII);
C, 7 0 .2 8 ; H, 7 .9 0 . uv max 308 m/x (e 338) and end absolution at 210 (log e 4 .14);

Hydrolysis of Epitulipinolide (3) to 34.— To a 2.5 ml of Na- ir 1774 (7 -lactone), 1703 (ketone), and 1660 cm - 1 (olefin). 
OCHs (from 23 mg of N a) solution in CH3OH was added 100 Ketone 36 gave a positive Zimmerman’s test.30
mg of 3 . After 20 hr, 5 ml of H20  was added and the solution A nal. Calcd for C15Hi80 3: C, 73.14; H , 7 .37 . Found:
was acidified with acetic acid then extracted with three 50-ml C, 73.20; H .7 .4 4 .  
portions of CHCI3. The CHC13 extract was washed with 5%
NaHC0 3 solution and H20  and then dried (Na2S0 4). The resi- R e g is try  No.__1 553-21-9' 2 24164-12-3' 3,24164-
due (87 mg) after removal of solvent was recrystallized from °  . !  -  -  o i l  fid 15 fi- fi 94.1R4 1 6 -7 -
isopropyl ether-C2H 6OH forming feathery needles (71 mg) of io -A ,  4 ,  2 4 1 6 4 -1 4 -5  5 ,  2 4 1 6 4 -1 5 -6  0 ,  2 4 1 6 4  16 / ,
3 4 : mp 138-138.5°; [<*]25d + 6 5 .0  ±  2 .5° (c 2 .4 , CHC13) {lit .19 8,2221-81-0; 9,2221-82-1; 10,24164-19-0; 11,24164-
mp 1 3 8 - 1 3 9 .5 °; W^D+ 6 0 .3 °  ( c 3.1 , CHCls)}; ir 3 6 0 0 an d 3450 20-3; 12,24164-21-4; 13,24164-22-5; 13 benzoate,
(hydroxyl) and 1757 cm - 1 (7 -lactone). 24164-23-6; 14,24164-24-7; 15,24215-66-5; 16,24164-
cluTfU Hal8 63f° r Cl6H24°*: 68'54; H’ 8'63‘ F°Und: 25-8; 17,24164-26-9; 18,24164-27-0; 19,24164-28-1;
^Oxidation of the Hydroxylactone 34 to the Ketone 35.— The 20, 24164-29-2; 21, 24164-30-5; 22, 24164-31-6;
lactone 34 (40 mg) was added to 1 ml of Sarett’s reagent (120 mg 23, 24164-32-7; 24, 24164-33-8; 2 d, 24164-34-9;
of CrOs in 1 ml of pyridine) and after 24 hr at ambient tempera- 2 6 , 24164-35-0; 28, 24164-36-1; 29, 24164-37-2;
ture the mixture was diluted with 45 ml of diethyl ether. The 3() 24164-38-3; 30 benzoate, 24165-30-8; 31, 24165- 
resultant mixture was extracted successively with four 10-ml ori A , ,  0 . 1CC 1 o/Mrk oa o .
portions of 2 %  tartaric acid, 5 % NaHCOg, and HaO, and then 32, 24165-32-0; 33, 2 4 1 6 5 -3 3 -1 , 34, 2 4 1 b 5 -3 4 -2 ,
dried (Na2S 0 4). Removal of solvent gave an oil (32 mg) that 35, 24165-35-3; 36, 24165-36-4.
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The acid-catalyzed reactions between diphenylketene-p-tolylimine and DMSO, N,N-diethylaminoprop-l- 
yne and DMSO, and N,N-dimethylaminophenylacetylene and DMSO have been used to effect the oxidation 
of the hydroxy group in a number of steroids. These reactions illustrate some interesting variations of the 
well-known oxidation procedure of Moffatt, et a l., involving dicyclohexylcarbodiimide and DMSO. The mech
anism of the ynamine-DMSO oxidation has been investigated.

The acid-catalyzed dimethyl sulfoxide (DMSO)- anism for the DCC-DM SO oxidation as proposed by
dicyclohexylcarbodiimide (DDC) oxidation of alcohols Moffatt, et al.,6 and refuted Torsell’s three-body con-
to the corresponding aldehydes and ketones has been certed mechanism.7 In this paper, we wish to illustrate
reported by Moffatt, et a l.1’2 In this connection, our the usefulness of the reagents ynamine-DMSO and
preliminary investigation demonstrated the application ketenimine-DMSO in the oxidation o: the hydroxy
of diphenylketene-p-tolylimine-dimethyl sulfoxide3 group in steroids and propose a mechanism for the
and N,N-diethylaminoprop-l-yne-dimethyl sulfoxide4 5 ynamine-DMSO oxidation.
for the oxidation of the hydroxy group in steroids. During the past 2-3 years, interest in the chemistry 
Recently, we have also reported on the mechanism of and application of ynamines has increased considerably.
ketenimine-DMSO and carbodiimide-DMSO oxida- It has been shown that they undergo some very inter-
tions.6 Our results based on nuclear magnetic esting reactions. For instance, they have been reported
resonance spectroscopy using hexadeuteriodimethyl to undergo reactions analogous to carbodiimides and
sulfoxide (DMSO-de) substantiated the stepwise mech- ketenimines.8-11 Based on these observations, we re-

(1) K. E. Pfitzner and J. G. Moffatt, J .  Amer. Chem. Soc., 87, 5661 (1965). (6) J. G. Moffatt and A. H. Fenselau, J .  Amer. Chem. Soc., 88, 1762 (1966).
(2) K. E. Pfitzner and J. G. Moffatt, ibid., 87, 5670 (1965). (7) K. Torsell, Tetrahedron Lett., 4445 (1966).
(3) R. E. Harmon, C. V. Zenarosa, and S. K. Gupta, Chem. Ind. (Lon- (8) R. Buijle and H. G. Viehe, Angew, Ckem.Int. Ed. Engl., 3, 582 (1964).

don), 1428 (1969). (9) H. S. Mourik, E. Harry van, and J. F. Arens, Rec. Trav. Chim. Pays-
(4) R. E. Harmon, C. V. Zenarosa, and S. K. Gupta, Chem. Commun., Bas, 84, 1344 (1965).

537 (1969). (10) H. G. Viehe, Angew. Ckem.Int. Ed. Engl., 6, 767 (1967).
(5) R. E. Harmon, C. V. Zenarosa, and S. K. Gupta, Tetrahedron Lett., (11) F. Waygand, W. Konig, R. Buijle, and H. G. Viehe, Chem. Ber.,

3781 (1969). 98,3632 (1965).
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T able I
DMSO Oxidation of H ydroxy Steroids Using the Y namines 1 and 3

Yield, %, Yield, %, 
using the using the

Reactant Product Mp, °C Lit. mp, °C ynamine 1 ynamine 3
Testosterone 4-Androstene-3,17-dione“ 169-170 169-170s 60 70
5-Cholesten-3/3-ol 5-Cholesten-3-one 119-121 119-120' 55
4- Pregnen-lla-ol-3,20-dione 4-Pregnene-3,ll,20-trione“ 172-175 172-1756 53 62
5- Androsten-3/3-ol-17-one S-Androstene-SjD-dione11 130-146 ISO-HS6 60 70
5-Androstene-3(3,17|3-diol 5-Androstene-3,17-dione‘i 130-145 130-1456 45 55

« Recrystallized from methanol. b D. H. Peterson, H. C. Murry, S. H. Eppstein, L. M. Reinke, A. Weintraub, F . D. Meister, and
H. M. Leigh, J .  Amer. Chem. Soc., §7, 5690 (1965). '  L . Ruzicka and W . Borshard, H ek . Chim. A d a , 20 , 244 (1947). d Recrystallized 
from absolute ethanol.

T able II
DMSO Oxidation of H ydroxy Steroids U sing the K etenimine 5

Reactant Product11 Mp, "C Yield, %
Testosterone 4-Androstene-3,17-dione 169-171 82
4- Pregnene-l la-ol-3,20-dione 4-Pregnene-3,ll,20-trione 172-175 62
5- Androstene-30,17/3-diol 5-Androstene-3,17-dione 130-146 60
5-Cholestan-3/3-ol 5-Cholesten-3-one 119-120 69

<• For literature melting point and solvent used for recrystallization, see Table I.

cently reported the first example of the use of alkynyl- ynamine 3 afforded higher yields (of the keto steroids) 
amine for the oxidation of the hydroxy group in steroids.4 than the ynamine 1.
Now, we have investigated this problem in greater de- Next, we investigated the oxidation of hydroxy ste- 
tail. We have accomplished the oxidation of a number roids using the reaction of diphenylketene-p-tolylimine 
of hydroxy steroids using N,N-diethylaminoprop-l-yne (5) with DMSO (eq 3). These oxidations were conducted
(1) and N,N-dimethylaminophenylacetylene (3) (eq 1
and 2). The ynamine 1 was commercially available. f ~ \

Ph2C = C = N — f  7— CH:;
HaPOi ,

CH3C = C N E t2 +  (CH3)2SO +  RjCHOH — 5
j +
1 h3po4

O (CH3)2SO +  R2CHOH —----- ►

CH3CH2C N Et2 +  CH3SCH3 +  R 2C = 0  (1) H 0

2 I I I  /~ \
HaPOi Ph2C— CNH— f  } —  CH3 +  R2C = 0  +  CH3SCH3 (3)

P hC =C N M e2 +  (CH3)2SO +  R 2CHOH — >-
3 6

O
PhCH2C!NMe2 +  CH3SCH3 + R2C = 0 (2) in absolutely anhydrous conditions as the presence of

4 water causes a competing side reaction resulting m the
formation of N-(p-tolyl)-a-hydroxydiphenylacetamide. 

For the preparation of the ynamine 3, l-chloro-2-phenyl- In this procedure, the hydroxy steroid (5 mmol) was 
acetylene was prepared by the reaction of phenylacetyl- added to a solution containing the ketenimine 5 (20 
ene with benzenesulfonyl chloride in the presence of mmol), DMSO, benzene and catalytic amount of
sodamide.12 Treatment of l-chloro-2-phenylacetylene H3P O , The reaction mixtures were stirred at room
with trimethylamine yielded N,N-dimethylamino- temperature during 1-2 days The keto steroids were
phenylacetvlene (3).13 The oxidations of the hydroxy isolated by column chromatography oyer silica gel.
steroids (1 mmol) were conducted in anhydrous DMSO- The results are summarized in Table II. Using this
benzene solutions containing an excess of the ynamines 1 method the yields of the keto steroids were, generally,
or 3 (5 mmol) and only catalytic amount of 100% ortho- higher than those obtained from the ynamine DN SO
phosphoric acid (H3P 0 4). It was necessary to cool the oxidations (Pabieip n  •, 0ll„
reaction mixture to 0° to prevent polymerization of the Mechanism of Ynamine-DMSO Ox d^ion^O ur 
ynamine. The progress of these reactions was followed proposed mechanism for the ynamme-DMSO oxidation
by thin layer chromatography in chloroform-ethyl ace- »  very similar to the mechanism of ketenimine-DMSO
tate (4:1) In all the cases, the oxidized steroids were and carbodnrmde-DMSO oxidations 3 It is outlined
isolated by column chromatography on silica gel. The m Scheme I. The first step (step a involvesyUe for-
results of hydroxy steroids oxidized using the ynamines maj 10'1 of N,N-diethylaminoprop -y ( )
1 and 3 are summarized in Table I. The products were adduct 7 The second step (step b) consists of nucleo-
characterized, wherever possible, by undepressed mix- pMic attack by the alcohol on t h e o n  7
ture melting points and superimposable infrared spectra resulting m the formation of alkoxylsulfonmm ion 8

those  ̂of authentic ennrplee. Apparently, the

(12) r . Truchet, Ann. chim. (Paris), 26,309 (1931). 0f alkoxy group in 8 and concerted collapse of the
(13) R. Fuks and H. G. Viehe (private communication), Chem. Ber„ ^  Ude interInediate to the Carbonyl Compound

in press. 0  J
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Scheme I Scheme I I
r. + 1U CH3— C H = C  N Et2

1 ^  CH3C = C = N E t2 +  (CH3)2SO >  f\

Ia D/ \  • + f/ °
CH3C H =C N Et2 S\

\ \ *

+S(CH3)2 h \ g V ° \
7 / C\  H
‘  RX  ^ R

H+ 9 D O
}  + 1 1  I II

C H — C H = C — NEt2 ■ ■> R2CHOS(CH3)2 +  CH3CH2CNEt2 CH3CHCNEt.2 +  R2C = 0  +  CH,SCH3
L  pa 8  2 ,

0 )  ^

J
+S(CH3)2 suiting dimethyl sulfide was found to be 100%
. 7  CD3SCD3. Therefore, the formation of CD 3SCD2H

R2CH OH during the oxidation of testosterone using the ynamine
^ ---- —  ̂ 1 and D M S O - d e  can only be explained by the mech-

H 0 Ĥ anism proposed in Scheme I.

R2CHOS(CH3)2 R2— c - o - r - s ^
pai c X CH3 Summary and Conclusion

| The oxidation of the hydroxy group in steroids has
n „  been accomplished with the help of N,N-diethylamino-

- J ^H3bLH3 prop-l-yne-DMSO, N.N-dimethylaminophenylacetyl-
ene-DMSO, and diphenylketene-p-tolylimine-DMSO. 

and dimethyl sulfide. This proposed mechanism was Out of these three reagents, the last one appears to give 
substantiated by the following observations. the best yields of the oxidation products. A stepwise

In the first step, the ynamine 1, apparently, reacts as mechanism similar to those proposed for the D C C - 
azwitterion, la, which is structurally similar to a keten- DMSO and ketenimine-DMSO oxidations, has been 
imine. Diphenylketene-p-tolylimine and DCC have postulated, 
been reported to form adducts with DMSO which are
similar to 7, and there seems to be no doubt about their . . Q .
formation. 6 ' 14 An alternate mechanism for the Experimental section
ynamine-DMSO oxidation which is in agreement with The melting points were taken on a Thomas-Hocver melting 
Torsell’s views7 is outlined in Scheme II. To dis- point apparatus and are corrected. A Beckman IR -8 spectro-
tinguish between these two mechanisms, we conducted photometer was used to record the infrared spectra. The nuclear
,.  6  . , ,. ,  . , , . , ,  . , magnetic resonance spectra were obtained with a V anan A-t>0
the oxidation of testosterone using the ynamine 1 , spectrometer using tetramethylsilane as internal standard. Mass
100% H3PO4, and DMSO-de (instead of DMSO). The spectral data was obtained on an Atlas CH-4 mass spectrometer,
infrared spectrum of the resulting N,N-diethylpropion- Silica gel G from Brinkman Instruments was used for thin layer
amide 2 showed no C-D  absorption. The labeled di- chromatography either on glass slides or 5 X  20 cm glass plates.

methyl sulfide was isolated from the reaction mixture. ( T 15 minh
Its nuclear magnetic resonance spectrum showed a Column chromatography was carried out on 2.7 X  30 cm glass
multiplet at 5 1.88, characteristic of pentadeuteriodi- columns packed with chromatography grade silica gel. DMSO
methyl sulfide (CD3SCD 2H ) . 7 Furthermore, it was was distilled from calcium hydride and stored over Linde Molec-
converted into crystalline mercuric chloride complex ular 4̂a’ 1 T1 6  Hexadeuteriodimethyl sulfoxide

, , , , , , , /nnrr/ \ j  (DMSO-de) was also dried over molecular sieves. Pyndme
whose mass spectrum had a peak at m / e  67 (90%) and a ^ ag (listlll%  over phosphorouS pentoxide and stored over Potas-
low intensity peak at m / e  6 8  (10%). The former is sium hydroxide. Petroleum ether (bp 30-6C°) was distilled
attributed to [CD3SCD 2H ]+ and the latter to [ C D 3 -  over sodium. Diphenylketene-p-tolylimine (5) was prepared
SCD3]+. Probably the 10% CD 3SCD3 contamination by the procedure of Stevens and Singhal.16 N,N-Diethyl-1-
of CD3SCD2H was caused by the direct conversion of pmpyne (1 ), obtained from Fluka AG Chemische Fabnk, Switzer-

,  . , „  m l ,  . .  la n d , w as dried o v e r m o lecu lar siev es and d istilled  u n d er red u ced
excess ynamme 1  i n t o  the amide 2 . lh e  formation of pressure
CD 3SCD2H and the amide 2 in this reaction are con- Preparation of N.N-Dimethylammophenylacetylene (3).— 
sistent with the steps b and c of our proposed l-Chloro-2-phenylaeetylene was prepared by the reaction of
mechanism (Scheme I) and rule out the possibility of a phenylacetylene with benzenesulfonyl chloride in the presence

concerted three-body mechanism (Scheme II) as pro- ^ ^ y ’ g)
posed by Torsell (according to this mechanism, the mixed in a stainless steel autoclave and allowed to react at 55°
reaction should have resulted in the amide 2a whose for 40 hr. After that, the autoclave was cooled to room tempera-
infrared spectrum should have shown C-D absorption). ture; the reaction mixture was extracted with anhydrous petro-
Finally, to preclude the remote possibility of CD3- leum ether. Evaporation of the solvent and yacuum distillation
„ n r ,  { j  {!■ 0 , , n T 1 A  of the residue yielded 7 g of a light brown oil, bp 90 (40 mm).
SCD2H 1 esultmg from a proton exchange with H3PO4, T h i s  oil was redistilled to give t h e  ynamine 3 : 5 g, 31%  yield;
the ynamine 1 was treated with DMSO-de (without the bp 70° (1 mm); n 26d 1.5849; nmr S 2.65 (s, 6 , CHa), 7.25 (m,
hydroxy steroid) in the presence of H3PO4. The re- 5, Ar-H).

(14) L. Lillien, J .  Org, Chem.., 29, 1631 (1964). (16) C. L. Stevens and G. H. Singhal, ibid., 29, 34 (1964).

1938 J. Org. Chem., Vol. 35, No. 6, 1970 Harmon, Zenarosa, and Gupta



General Procedure for DMSO Oxidation Using Ynamines 1 dimethyl sulfide (CD3SCD2H ). Furthermore, the above ben-
and 3 .— The ynamine 1 (or 3) (15 mmol) was added with stirring zene solution of dimethyl sulfide was treated with a saturated
to a solution of the hydroxy steroid (3 mmol) in benzene (3 ml) solution of mercuric chloride in absolute ethanol (4 ml). Filtra-
and DMSO (3 ml). The solution was cooled to about 5° and tion yielded 1.3 g of a white powder, mp 152-156°. The solid
100% H3PO1 was added to it dropwise with stirring. The reac- was crystallized from benzene to yield colorless crystals (1 g) of
tion mixture was allowed to stir at room temperature. The 3HgCl2-2CD3SCD2H , mp 157-158° (lit.16 mp 158°). The mass
progress of the reaction was followed by tic in chloroform- spectrum of this complex showed an intense peak at m /e  67 (90% )
ethylacetate (4 :1 ) . After the oxidation was over, the reaction and a weak peak at m /e  68 (10% ). The former peak was
mixture was poured into ice-water (ca. 300 ml). The resulting attributed to [CD3SCD2H] + and the latter to [CD3SCD3]+.
precipitate was filtered to give a light yellow solid. This yellow The reaction mixture after the separation of dimethyl sulfide
solid was chromatographed over a column of silica gel G. Elu- was subjected to fractional distillation at 44-46° under vacuum
tion with chloroform-ethyl acetate (4 :1 )  afforded in succession (1 mm). This afforded N,N-diethylpropionamide 2 , as a color- 
N,N-diethylpropionamide (2) or N.N-dimethylphenylacetamide less liquid: nmr (CDC13) S 1.6 (m, 9 .0 , CH3), 2.32 (q, 2,
(4) , a small amount of some unidentifiable material, the desired CH2C = 0 ) ,  3.38 [q, 4, N (CH 2- ) 2] . The ir spectrum showed the
keto steroid, and finally the unreacted starting hydroxy steroid, absence of any C -D  absorption. The residue was subjected
if any. The keto steroids, thus obtained, were characterized to column chromatography over silica gel. Elution with chloro-
by melting point and ir and uv spectroscopy. Their identity form-ethyl acetate (4 :1 )  afforded androst-4-ene-3,17-dione
was established by undepressed mixture melting points and (0.39 g, 46% ), mp 169-171°. The mixture melting point with
superimposable ir spectra with those of authentic samples. The an authentic sample (mp 169-171°) was undepressed.
results are summarized in Table I . Reaction of the Ynamine 1 with H 3P 0 4 and DMSO-%-— The

General Procedure for Diphenylketene-p-tolylimine (5 )-  ynamine 1 (1.66 g, 15 mmol) was dissolved in a mixture of
DMSO Oxidation.— The hydroxy steroid (5 mmol) was added benzene (1.5 ml) and DMSO-de (1-5 ml). The solution was
with stirring to a solution containing diphenylketene-p-tolylimine cooled to about 5° and treated with 100% H 3P 0 4 (0.1 g). The
(5) (20 mmol), DMSO (5 ml), benzene (3 ml), and 100%  H3P 0 4 reaction was followed by ir spectroscopy using the disappearance
(0.6 mmol). The reaction mixture was stirred at room tempera- of the peak at 2200 cm -1 (C = C ). When all the ynamine 1 had
ture for 1-2 days. The progress of the reaction was followed by been reacted (2 hr), the flask was connected to a trap cooled at
tic in chloroform-ethyl acetate (4 :1 ) . After the oxidation was - 7 0 °  (Dry Ice-acetone bath). The reaction mixture was heated
over, the reaction mixture was diluted with benzene (200 ml) at 50° and the solution of dimethyl sulfide in benzene was col
and washed first with a solution of sodium hydrogen carbonate lected as before. The nmr spectrum of this solution showed
(10% ) and then water. The solution was dried (M gS04) and no absorption, indicating the absence of any CD3SCD2H.
evaporated under reduced pressure to give a yellow oil which N ext, the solution was treated with a saturated solution of 
was chromatographed over a column of silica gel. Elution HgCl2 in absolute ethanol (2 ml). The resulting 3HgCl2-2CD3-
with chloroform-ethyl acetate (4 :1 )  gave in succession N -(p- SCD3 complex (0.39 g) had mp 157-158° (lit.16 mp 158°). Its
tolyl)diphenylacetamide (6 ), a small amount of some unidentified mass spectrum showed the absence of a peak at m /e  67 due to
material, the oxidized steroid, and finally any unreacted hydroxy [CD3SCD2H]+. Finally, the reaction mixture remaining after
steroid. As before, the products were identified by undepressed the collection of dimethyl sulfide was subjected to vacuum dis-
mixture melting points and superimpossable ir spectra with filiation at 44-46° (1 mm). The nmr spectrum of the resulting
those of authentic samples. The yields of keto steroids, thus N,N-diethylpropionamide (2 , 1.69 g) was consistent with the 
obtained, were higher than those ob-ained from ynamine-DMSO structure.
oxidations. The results are summarized in Table I I .

Oxidation of Testosterone Using the Ynamine 1 and DMSO-de-
— The oxidation was carried om in a 50-ml three-necked Registry No.- 1,4231-35-0; 3,4604-65-3; 5,5110-54- 
round-bottom flask connected to a trap cooled at —70° by using 2; testosterone, 58-22-0; 5-cholesten-3/3-ol, 57-88-5; 4-
a Dry Ice-acetone bath. The procedure and the amounts of pregnen-lla-ol-3,20-dione, 80-75-1; 5-androsten-3/S-
the reactants were exactly the same as described in the general , co ao n k a  oo  i n o  i co i i n r
procedure. After the oxidation was over, the dimethyl sulfide ol-17-one, 53-43-0; 5-androstene-3/M7/J-dlol, 521-17-5.
formed during the reaction was collected by distillation. For
this the reaction mixture was heated, at 50 and a smooth stream Acknowledgement — This work W£ts supported hy
of nitrogen gas was bubbled through the mixture to facilitate Q CA.06i 4o from the National Cancer Institute,
the collection of dimethyl sulfide. The nmr spectrum at 10 
of the solution of dimethyl sulfide in benzene, thus obtained,
showed a multiplet at 5 1.88, characteristic of pentadeuterio- (16) F. Challenger and M. 1. Simpson, J .  Chem. Soc., 1591 (1946).
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The use of the chloroacetyl group as a protecting group in the nucleoside and nucleotide field has been exam
ined. The reactions of chloroacetic anhydride with the hydroxyl groups of partially protected nucleosides gave 
good yields of the corresponding chloroacetyl derivatives. Removal of the chloroacetyl group(s) from these com
pounds was accomplished without less of other protecting groups. The reagents employed for the removal of 
chloroacetyl groups included thiourea, 2-mercaptoethylamine, ethylenediamine, and o-phenylenediamine. Of 
these, the most efficient was found to be 2-mercaptoethylamine. The stability of the chloroacetyl group in water, 
buffered aqueous pyridine, and buffered aqueous 2,6-lutidine has been examined. Chloroacetylation of mono
nucleotides was readily accomplished, but instability problems prevented the purification of these compounds. 
Diphenylchloroacetyl chloride reacted selectively with the primary hydroxyl group of thymidine, and a high yield 
of the 5' derivative was obtained. Attempts to remove this group with 2-mercaptoethylamine were unsuccessful, 
although cleavage was effected using thiourea or aqueous ammonia.

Chemical manipulations in the nucleoside and nucleo- tion, and the corresponding 5'-chloroacetate 2 was
tide fields are often governed by the feasibility of isolated in crystalline form. The presence of the
differential protection and removal of the protecting chloroacetate group in the product, as well as in all
groups employed in a particular synthesis. The value other chloroacetyl derivatives isolated, was readily
of acid-labile protecting groups is sometimes limited by detected by nmr spectroscopy; each chloroacetyl group
the lability of the purine-glycosyl bond of nucleosides gave rise to a sharp singlet in the region <5 4.0-4.5. For
and nucleotides, particularly when the purine bears removal of the chloroacetyl group from the 2, the com
an N-acyl group. The extremely acid-sensitive di-O- pound was treated with thiourea in refluxing ethanol,
p-methoxytrityl group, for example, cannot be removed
from N-benzoyldeoxyadenosine derivatives without 9
a substantial amount of concomitant depurination.1-2
Acyl groups, on the other hand, are widely used as i f
base-labile groups for the protection of amino and Q r ' W
hydroxyl functions. Thus, other protecting groups, (Y
which do not require acidic or basic conditions for their ^,0 n /  n.
removal, and hence are compatible with the N-benzoyl- 
deoxyadenosine moiety, may be useful in the chemical
manipulation of these materials. Hydroxyl protecting 1 R -  jj- p -  COCH
groups which can be removed under conditions close to 2,’ R, = C0CH2C1: R2 = 3COCH3
neutrality have already been employed in the nucleo- 3, Ri = C(C6H5)3; R2 = H
side field. The dinitrobenzenesulfenyl moiety has been 1’ 5 1 = CiCeHsh; R 2 = COCH2U
successfully removed from N-benzoyldeoxyadenosme n , lb = COC1(CsH5)2; l l 2 = H
derivatives using thiophenol or hydrogen sulfide,3 12> Ri = H; R2 = C(C6H5)2C6H,tOCH3
and /3-benzoylpropionyl esters have been cleaved with A11 , • , , ,, 1 , .
buffered hydrazine.' A  dihydrothiophene adduct with £ U ° f th® ^ t m g  material was consumed after 1 hr, and
5 '-O-acetylthymidine has been removed with silver 3 -0-ace ylthymidme_was isolated from the mixture in
ion,5 and /3,/3,/3-tribromoethoxycarbonyl derivatives As previously described,Uhe removal of
have been deshielded using a zinc-copper couple.5 ?M°roa<*tyl groups probably involves an isothiourea
Recent reports on the protection of amino and hydroxyl |ntermedaRe whlch undergoes intramolecular amidino-
functions with the chloroacetyl group™ and subsequent ™ th I°rmatlon of alc°hol and a pseudothio-
deprotection under mild conditions prompted our m. -j- /,n 1 , ,
investigation into the utility of the chloroacetyl group , ^-O-Tritylthymidme (3)_also afforded a chloroacetyl 
for the protection of nucleoside hydroxyl functions derivative 4 which was isolated without difficulty.

While the reactions between nucleosides and chloro- Rem°val ° fthe chloroacetyl group from 4 using thiourea
acetyl chloride were generally unsatisfactory, giving ln ethanoi T “  unsatisfactory since this reaction was
intractable mixtures, the reactions with chloroacetic accompanied by extensive detritylation. This problem
anhydride proceeded smoothly at 0° with no major by- ^  f - ?  the ? ?  ° f Pyndme as cosolvent, and
products. The reaction of chloroacetic anhydride 5 -O-tritylthymidme (3) was recovered m good yield,
with 3'-O-acetylthymidine (1) required 2 hr for comple- ThuS’ , conditions required for the introduction and

removal of the chloroacetyl group are completely com-
(1) H. Schaller, G. Weimann, B. Lerch, and H. G. Khorana, J .  Amer. p atib le  w ith  th e  com m on ly  USed t r i ty l  an d  a c e ty l  p ro -  

Chm  U C'w Bm Z  a  N iL m » . and H. G. Khorana, B io m e t r y ,  6, 937 ^  ^  W&8 ^ V O t l  fro m
(1966). 4 using 80% acetic acid at 100 for 30 mm, and these

(3) g . w. Grams and r . l . Letsinger, j . Org. chem., 3 3 , 2 5 8 9  (1 9 6 8 ). conditions did not affect the chloroacetyl group; 3'-0-
(4) R. L. Letsinger, M. H. Caruthers, P. S. Miller, and K. K. Ogilvie. • i . i • °  ,

j . Amer. Chem. Soc., 8 9 ,7146 (1967). chloroacetylthymidme (5) was isolated in good yield.
(5) l. a. Cohen and j. a. steeie, j . Org. chem., 3i, 2333 (1966). In the deoxycytidine series, N-anisoyl-5'-0-mono-p-
((76) H9Kurita, and m . ohta, j . Amer. Chem. ^ thoxytrityldeoxycy tidinc (6)‘ gave a 3'-chloroacetyl

^0C/o^\  (1968). (9) Pseudothiohydantoins have been prepared by a similar eyclization
(8) A. Montana and E. Scoffone, Gazz. Chim. Ital., 98, 1261 (1968). procedure: C. Liebermann, Ann. Chem., 207, 121 (1881).
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derivative 7 by reaction with chloroacetic anhydride in N-benzoyldeoxyadenosine was isolated. This last re
pyridine at 0° for 4 hr. Treatment with thiourea in agent has been used for the liberation of amino groups
ethanol-pyridine in the usual way removed the chloro- from their chloroacetyl amides during peptide syn-
acetyl group without loss of the other protecting groups, thesis11 although these reactions were carried out under
and 6 was recovered by silica gel column chromatog- strongly alkaline conditions. 1,2-Ethanedithiol was

also investigated, but it was not found to be suitable; a 
j? number of products were observed. In subsequent

NH— c— C6H4OCH3 dechloroacetylation studies, using 2 as a model com-

0 pound, 2-mercaptoethylamine was again the preferred
reagent.

 ̂ An indication that dechloroacetylation occurs v i a  a
u cyclic intermediate was obtained by the isolation of

p q_ l,4-thiazin-3-one from the reaction of 2 with 2-mer-
captoethylamine hydrochloride. Thus the thiol group 

I must initially have acted as the nucleophilic agent in the
0 R 2 displacement of the chloride ion with the intermediate

6, R, = CH3OC6H4(C6H5)2C; Rj = H undergoing intramolecular aminolysis and liberation of
7, Rj = CH3OC6H4(C6H5)2C; Rj = COCH2Cl the alcohol. The presence of tnethylamme is ap-
8 R = h- Rj = COCH C1 parently necessary in order to generate the nucleophilic

' h 'K: ....amino group from its hydrochloride salt, since in the
raphy. Removal of the mon o-p-methoxy trityl group absence of base, no dechloroacetylation could be ob- 
from 7 gave the 5'-hydroxy compound 8, a partially sf  ̂ ed' Exces® tnethylamme was removed at the end 
protected deoxycytidine derivative which may be of use ° reaction by evaporation, thus avoiding the alka- 
for subsequent transformations. ?ne condl 1̂0Ils which would produce indiscriminate

Experiments were also carried out in the deoxy- deacylation. As expected, the free base ethylene-
adenosine series in order to determine whether the diamine was shown to cause debenzoylation of 10 as
chloroacetyl group is compatible with the much more wel1 as dechloroacetylation whereas the former reaction
labile N-benzoyldeoxyadenosine moiety. No problems was completely eliminated with the usê  of a limited
were encountered during the chloroacetylation of amount of its hydrochloride m tnethylamme. o-Phen-
N-benzoyldeoxyadenosine (9),1 and its 3',5'-di-0- ylenediamme, on the other hand, must be a sufficiently
chloroacetyl derivative 10 was obtained crystalline in weak base (pNc 9.6) not to produce deacylation
good yield. Attempts to remove the chloroacetyl Und®1! t îese conditions.

Chloroacetylation oi mononucleotides was also
NHCOC6H5 studied. Thymidine 5'-phosphate reacted smoothly
T with chloroacetic anhydride in pyridine, and paper

/  H i  chromatography of the reaction mixture after 2 hr
indicated complete absence of starting material. 
Upon addition of water, dechloroacetylation began to 

jqo—. /  N . occur, and attempts to isolate pure chloroacetate were
K .  not successful,12 Similar problems were encountered

I during attempts to isolate the chloroacetyl derivatives
of N-anisoyldeoxycytidine 5'-phosphate and N-benzo- 

9,R1 = H ;R2 = H yldeoxyadenosine 5'-phosphate. Efforts were there-
10, R, = COCH2Cl; R2 = COCHoCl fore made to define the reasons for the instability of the

chloroacetyl group. In these experiments, 3'-0- 
groups with thiourea in ethanol-pyridine were un- chloroacetylthymidine (5) was used as a model corn-
successful; depurination rapidly occurred, and N-ben- pound, and the reactions were monitored by thin layer
zoyladenine was isolated in high yield and identified by chromatography followed by elution and spectrophoto-
comparison with a commercially available sample.10 metric assay of the appropriate spots. The chloro-
Depurination also occurred when the reaction was acetate group was relatively stable in water and in 0.2
carried out in the presence of triethylamine although M  sodium chloroacetate, pH 6.3; in the latter experi-
none could be detected in a series of control experiments ment, a half-time of approximately 100 hr was found
with N-benzoyldeoxyadenosine. for the dechloroacetylation reaction. In aqueous

In order to overcome this problem, other reagents for pyridine containing pyridinium chloride or chloro-
removing the chloroacetyl group were sought. Of the acetate, pH 6-7, the reaction was much more rapid,
reagents examined, the most satisfactory was found to being complete after 20 hr at room temperature with a
be 2-mercaptoethylamine hydrochloride; using this half-time of 4 hr. When pyridine was replaced by
reagent in the presence of iriethylamine, dechloro- 2,6-lutidine, deacylation was much slower at the same
acetylation of 10 was complete within 2 hr at room pH value (half-time 24 hr). These experiments
temperature, and no evidence of depurination was clearly implicate pyridine as the deacylating agent,
detected. Ethylenediamine was also found to be presumably by nucleophilic attack on the carbon
satisfactory, and only traces of debenzoylation were (U) R w Hoiiey and a . d . Holley, j . Amer. chem. Soc., 7 4 , 3069 
observed. o-Phenylenediamine was also quite suitable (1 9 5 2 ).
fo r d ech loroacety lation  of 10, and  a high yield of (12) In contrast, the simpler procedures employed for the isolation of

J  nucleoside chloroacetyl derivatives did not produce significant amounts of
(10) Obtained from Nutritional Biochemicals Corp., Cleveland, Ohio. dechloroacetylation.
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bearing the chlorine atom with the formation of an 1-27 g (94%) of 4: mp 185-185.5°; uv max ^H.OH) 264 mM
acylpyridinium intermediate. This latter would be g ™ ) ) ; n  (KBr) 1750 cm -(C = 0 ); nmr (CDC13; 8 4.07 (s, 2,
labilized to w a rd  h yd rolysis as co m p ared  w ith  th e  A n al  Calcd for C3,H2SC1N20 6: 0 ,6 6 .3 5 ;  II, 5 .23 ; 0 1 ,6 .3 2 ; 
ch lo ro a ce ta te . 2 ,6 -L u tid in e , on  th e  o th e r h an d , c a n n o t N ,4 .9 9 . Found: 0 ,6 6 .4 6 ;  H, 5 .35; 0 1 ,6 .2 0 ; N, 4 .93 .
read ily  fo rm  an  acylp yrid in iu m  in te rm e d ia te  ow ing to  3'-0-Chloroacetylthymidine (5). A solution of 4 (1.0 g, 1.85 
th e  s te ric  h in d ran ce  of th e  adjacentt m eth y l groups.

In the reaction of chloroacetic anhydride with were remove(j by filtration. The filtrate was evaporated to dry- 
thymidine, no substantial degree of specificity was ness and extracted with ether (three 30-ml portions), and the
observed. The use of the bulkier diphenylchloroacetyl residue was crystallized from ethanol-hexane to give 413 mg
group was therefore investigated for the protection of (73%) ?f /sT>Dmpl 449-5-1 ®0,°A ,max T n A

primary hydroxyl functions. The reaction ol thymi- 2
dine w ith  d ip h en y lch loroacety l chloride g a v e  a  h igh  ’ A nal. W e d  for C12HI5C1N20 6: C, 45 .22 ; H, 4 .71 ; Cl, 
yield  of th e  cry sta llin e  5 ' d e riv a tiv e  11 , to g e th e r w ith  a  l l .12; N , 8 .75. Found: C, 45.12; H , 4 .47 ; Cl, 11.12; N, 
sm all a m o u n t of th e  3 ' ,5 '-b isd ip h e n y lch lo ro a ce ty l 8.82.
compound; no trace of the 3' isomer was detected. ^ eparf 6°“ °f 7%HA W W  1^  y  ’ p -i *. j. i -r j.1 i i t  methoxytntyldeoxycytidme (6 , 1.12 g, 1.8 mmol) in dry pyridine
T h e  n m r sp e ctru m  of 11 in  d e u te ra te d  d im eth yl su it- (40 mi) was treated with chloroacetic anhydride (0.98 g, 5.75  
oxide g a v e  a  d ou b let ( J  =  4  H z) fo r th e  h y d ro x y l p ro - mmol) for 4 hr at 0 °. Ice-water (20 ml) was added and after 15
to n , in d icatin g  th e  p resen ce  of a  seco n d a ry  h yd roxy ] min the solution was evaporated to dryness. The residue was
grou p. F u r th e r  evid en ce  for th e  assign m en t of 11 as  partitioned between chloroform and water, and the chloroform 

f ,  , . , , . i , , , . -n layer was washed with water (three portions), dried (-Na2bU4),
th e  5 '  d e riv a tiv e  w as ob tain ed  b y  its  tre a tm e n t  w ith  evaporated to a syrup. This materiai was purified by siiica
m o n o -p -m e th o x y trity l chloride in  p yrid in e, follow ed b y  gei coiumn (200 g) chromatography, using chloroform-ethyl ace-
tre a tm e n t w ith  am m on ia. A fte r  colu m n  p u rificatio n  a  tate (1 : 2 ) as the solvent. Fractions 60-140 were evaporated to
good  yield  of 3 '-0 -m o n o -p -m e th o x y trity lth y m id in e  Sive 7, 0.97 g (77% ) as a foam: uv max (C2H 5OH) 286 m^ (e
( 1 2 ) “  w as o b tain ed . 2 1 ^ 5 0 )^ 1 , (K B ,) 1740 c „ - .  ( C = 0 )i  nm , (CDC1P .  4 .08  ( , .  2 .

T h e  re m o v a l of th e d ip h en y lch loroacety l grou p  from  ArJ  Calcd for C„H „C 1N ,0,; C , 65.00; H, 5 .11 ; Cl, 4.99;
11 could n o t be accom p lish ed  using 2 -m e rca p to e th y l- N ,5 ,9 4 . Found: C ,6 5 .6 4 ; H , 5 .07; C l,4 .8 9 ; N , 5.83.
am ine h yd roch lorid e in  th e  sam e w a y  as fo r th e  ch lo ro- Removal of the Mono-p-methoxytrityl Group from 7.— A solu-
a c e ty l d e riv a tiv e ; even  a t  e lev ated  te m p e ra tu re s , only tlon 7 (°-86 s> l -2 mmol) in 80%  acetic acid (25 ml) was al- 

, ,  , r  , ,  • , , , , mi.' lowed to stand at room temperature for 1 hr. bince thin layer
sm all am o u n ts  of th ym id in e w ere d e te cte d . T h io u re a , chromatography of the reaction mixture indicated that sub-
on  th e  o th e r h and , did p rod u ce d e a cy la tio n , a lth ou gh  a t  gtant.ial amounts of the starting material still remained, the solu-
a  slow er ra te  th a n  th a t  found fo r ch lo ro a ce ty l d e riv a - tion was heated at 100° for 15 min. The product was cooled and
tiv es . A  re la te d  re a c tio n  betw een  e th y l d iph enyl- evaporated to dryness, and the residue was washed with ether

ch lo ro a ce ta te  an d  th io u re a  h as re c e n tly  been de- (^ re e , 2,°-ml p<ortions)' J he fT  cry^ e7t irom
scrib ed .14 T re a tm e n t w ith  aq ueous am m on ia  also max (c 2H5OH) 289 mu U 25,300); ir (K Br) 1760 cm “1 ( C = 0 ) ;
cleaved  th e  d ip h en y lch loroacety l grou p, an d  th ym id in e nmr (DMSO-d6) 5 4.40 (s, 2 , COCH2Cl). 
w as read ily  isolated . T h is group m a y  th erefo re  be of A n al. Calcd for CioHioCHShCb: C .5 2 .1 2 ; H, 4 .60 ; Cl, 8 .10;
use as a  p ro te c tin g  group for p rim a ry  h y d ro x y l fu n c- N, 9 .60. Found: 0 ,  52.29; H, 4 .54; Cl, 7 .88 ; N, 9 .52.

‘ s & F F  J ■’ N-Benzoyl-3 ,5 -di-O-chloroacetyldeoxyadenosme (10).— A
41onS- solution of N-benzoyldeoxyadenosine (9, 1.10 g, 3.1 mmol) in dry

^  „  . . ,  pyridine (15 ml) was treated with chloroacetic anhydride (1.57
K xp erim en tal s e c t io n  0 g) 9 2 mmol) for 1.5 hr at 0 ° . W ater (15 ml) was added, and

3 '-O-Acetyl-5'-O-chloroacetylthymidine (2).- A  solution of after 10 min the mixture was evaporated to dryness. The residue
3 '-O-acetylthymidine ( 1, 1.27 g, 4.5  mmol) and chloroacetic an- was dissolved m hot ethyl acetate and filtered, and on cooling
hydride (2.31 g, 13.5 mmol) in dry pyridine was stored at 0 ° for °rystalst of 40 ^  « A P  were deposited from the filtrate.
2 hr. W ater (5 ml) was added, after 10 min at 0° the solution Concentration of the mother liquor gave a second crop, 0.19 g
was evaporated to dryness, and the residue was partitioned be- , 4 6 4  ' max (2 ; E 0 } 4 29 ’9 0 0 ;
tween chloroform and water. The chloroform layer was washed Cm ( C = 0 ) ;  nmr (DMS° - ^  S 4 A 2 ’ 4A 7 ^  2 ’
twice with water, dried (Na2S 0 4), and evaporated to dryness. ^  A 1 j  r n  n  ^  cri „  Q „
Crystallization of the residue from ethanol-hexane gave 1.14 g , A ™ \ T A A l  A  lo n e  A
(71% ) of 2 : mp 130-132°; uv max (C.H.OH) 265 mM (. 9320)1 N > 13'7 8 ' Found: C ’ 4 9 -73 = H - 3 -6^  C1- 13’9 6 ; N ’
ir (K B r) 1740 cm“1 ( C = 0 ) ;  nmr (CDC13) 6 4.23 (s, 2 , COCH2- 13: ° 5 - . . „  , , „  .
qj Use of Thiourea for Removal of Chloroacetyl Groups. A.

A n al. Calcd for ChH„C1N20 , :  C, 46.61; H , 4 .75 ; Cl, Dechloroacetylation of 2 - A  solution of 2 (340 mg, 0.94 mmol)
9 .89; N , 7 .76. Found: C, 46.50; H, 4 .78 ; Cl, 9 .85 ; N , 7 .73. and A1“  (85 mg, 1.1 mmol) m ethanol (20 ml.) was heated

3 '-O-Chloroacetyl-5'-O-tritylthymidine (4).- A  solution of lmder redl)x for 1 hF’ and then evaporated to half-volume. Ad-
5 '-O-tritylthymidine (3 , 1.35 g, 2.4 mmol, benzene adduct) in Altl™  ° f , h“ ^ ded cry^ al] f e 3 -O-acetylthymidine, 218
dry pyridine (25 ml) was treated with chloroacetic anhydride 177 A  m * I ” 1 , ,. c , _
(2.07 g, 12.1 mmol) for 3.5 hr at 0 °, and the product was poured B ‘ DecM°roacetylation of 4 . - A  solution cf 4 (952 mg 1.7
dropwise with stirring into ice water (2 1.). After storage over- IT ° 1)1alld thwurea (146 mg, 1 85 mmol) in pyridine (10 ml) and
night at 5°, the precipitate was collected, washed with water, and f hano1 (2 m F f as heated at 109 for 20 mm and then evaporated
dissolved in chloroform. The chloroform solution was dried to dryne®S' The residue was chromatographed on a silica gel 
(Na2S 0 4), evaporated, and crystallized from ethanol to give column (150 g) using chloroform-ethyl acetate (1 : 1 ) as the sol- 
-------------------  vent, t  ractions 57-120 were evaporated and recrystallized from

(13) K. K. Ogilvie and R. L. Letsinger, J .  Org. Chem., 32, 2365 (1967). ethanol-hexane to give 572 mg (70% ) of 5 '-O-tritylthymidine
(14) A. U. Rahman and H. S. E. Gatica, Rec. Trav. Chim. Pays-Bas, 88, (3), mp 125—128° (lit.16 mp 128°).

905 (1969). Removal of the Chloroacetyl Group from 7 .— A solution
(15) Pyridine was dried by storage over Linde Molecular Sieve Type 4A. q{ 7 (g05 0 .71 mmol) and thiourea (59 mg, 0.78 mmol) in

Merck s.Uca gel (0.05-0.2 mm was used for s.Uca column chromatography, idine (10 ml) and ethanol (1 ml) was heated at 100° for 45
and fractions of 20 ml were collected. Nuclear magnetic resonance spectra . , \ ' . . . , v ' . .  .
were obtained using a Varian A-60 spectrometer, ultraviolet spectra using a and th,en evaporated to dryness. The residue was purified
Cary Model 14 instrument, and infrared spectra with a Beckman IR-5 or ky Silica gel column (150 g) chromatography using ethyl acetate 
IR-9. A Thomas-Hoover apparatus was used for melting point determina- -------------------
tions. (16) A, M. Michelson and A. R. Todd, J .  Chem. Soc., 951 (1953).
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methanol (4 0 :1 ) as the eluting solvent. Fractions 35-60  were amined at intervals as previously described. After 24 hr, 10%
combined and evaporated to give 318 mg (71% ) of 6 as a foam. dechloroacetylation was detected.
The ir spectrum (K B r) was identical with that of an authentic 5'-0-Diphenylchloroacetylthymidine (11).— A 0° solution of
sample.1 thymidine (1.94 g) in dry pyridine (25 ml) was treated with di-

D. Reaction of 10 with Thiourea.— A solution of 10 (496 mg, phenylchloroacetyl chloride (2.33 g) for 4  hr. Methanol (2 ml)
0.98 mmol) in pyridine (6 ml) and ethanol (2 ml) was treated was added, and after 2 hr the solution was evaporated to dryness,
with thiourea (78 mg, 0.99 mmol) at 100° for 20 min. The The residue was dissolved in chloroform (100 ml), extracted with
product was evaporated to dryness and the residue was dissolved water (three 100-ml portions), dried (Na2S 0 4), and evaporated to
in hot water. Upon cooling, crystals of N-benzoyladenine, 143 dryness. The product was purified by silica gel column (400 g)
mg (61% ), were deposited, mp 237-242° (lit.17 mp 237-238°). chromatography using chloroform-ethyl acetate (1 :1 )  as the

Dechloroacetylation Using 2-Mercaptoethylamine. A. De- eluting solvent. Fractions 180-400 were evaporated and
chloroacetylation of 2.— A solution of 2 (1.11 g, 3.1 mmol) and recrystallized from ethyl acetate to give 3.3 g (87% ) of 11: mp
2 -mercaptoethylamine hydrochloride (378 mg, 3.3 mmol) in 177°, uv max (CH3OH) 265 m¡x [e 9200); ir (K B r) 1740 cm -1
pyridine (15 ml) and triethylamine (4 ml) was stored at room tem- ( C = 0 ) ;  nmr (DMSO-d6) 5 5.40 (d, 1, J  =  4 Hz, CHOH).
perature for 1 hr. The product was evaporated to dryness and A n al. Calcd for CiAhaCYNaCV. C, 61.22; H , 4 .92 ; Cl, 7 .53 ;
purified by silica gel column (200 g) chromatography, using ethyl N, 5.95. Found: C, 61.42; H ,5 .0 6 ; Cl, 7 .28; N , 5.67.
acetate-acetone (4 0 :1 ) as the solvent. Fractions 30-150 were 3'-0-Mono-p-methoxytritylthymidine (12).— A solution of 11
evaporated and recrystallized from ethanol-hexane to give 723 (6.55 g) and mono-p-methoxytrityl chloride (8.7 g) in pyridine
mg (83% ) of 3 '-O-acetylthymidine. (25 ml) was heated overnight at 100°. W ater (10 ml) was added,

B. Compound 10.— A solution of 10 (0.98 g, 1.9 mmol) and and after 1 hr the solution was evaporated to dryness and dis-
2-mercaptoethylamine hydrochloride (0.45 g, 4 .0  mmol) in solved in methanol (200 ml) and concentrated aqueous ammonia
pyridine (10 ml), methanol (10 ml), and triethylamine (5 ml) was (200 ml). After 66 hr the solution was evaporated to dryness and
stored at room temperature for 2 hr and then evaporated to dry- purified by silica gel column (500 g) chromatography using chloro-
ness. The residue was applied to a silica gel column (200 g) form-ethyl acetate (2 :1 )  as the solvent. Fractions 140-230
which was eluted with ethyl acetate-methanol (1 0 :1 ). Fractions were evaporated to dryness, and the residue was dissolved in
100-200 were evaporated to give N-benzoyldeoxyadenosine, 647 chloroform. Addition of hexane precipitated 3'-0-mono-p-
m g (91% ), mp 113-117° (lit.1 mp 113-115°). methoxytritylthymidine, 4.86 g (68% ), as white powder, mp

Use of Ethylenediamine for Dechloroacetylation.—A solution 115° (lit.13 mp 126-128°). 
of the chloroacetyl compound (2 mmol) in pyridine (30 ml), Reaction of 11 with Thiourea.—A solution of 11 (1.46 g, 3.1
methanol (20 ml), and triethylamine (5 mi) was treated with mmol) and thiourea (1.40 g, 18.4 mmol) in ethanol (50 ml) was
ethylenediamine dihydrochloride (2-4  mmol) for 4 hr at room heated under reflux for 48 hr. The product was evaporated to
temperature. The product was isolated either by direct crystal- dryness and purified by silica column (250 g) chromatography,
lization or by partition between chloroform and water and sub- using ethyl acetate-methanol (4 0 :1 ) as the eluting solvent,
sequent isolation from the chloroform layer. Fractions 70-240 were evaporated to dryness and recrystallized

o-Phenylenediamine as a Dechloroacetylating Agent.— A solu- from ethanol-hexane to give 385 mg (51% ) of thymidine, mp
tion of the chloroacetyl compound (2 mmol) and o-phenylene- 184-186° (lit.18 mp 185°).
diamine (2-3  mmol) in pyridine (30 ml) and ethanol (15 ml) was Treatment of 11 with Aqueous Ammonia.—A solution of 11 
stored overnight at room temperature. The products were (1.0 g, 2.1 mmol) in methanol (5 ml) and concentrated aqueous
isolated as described in the experiments using 2-mercaptoethyl- ammonia (5 ml) was stored at room temperature for 48 hr and
am;ne. then evaporated to dryness. The residue was partitioned be-

Studies on the Stability of the Chloroacetate Group. A. tween chloroform and water, and the aqueous layer was evap-
In Aqueous Pyridine.— A solution of the chloroacetyl derivative orated to dryness and recrystallized from water to give 294 mg
5 (5 mg) in 50%  aqueous pyridine, which had been adjusted to (58% ) of thymidine, mp 186° (lit.18 mp 185°).
pH 6.7 with either hydrochloric or chloroacetic acid, was stored . , , o o o .
at room temperature. Aliquots (20 jJ) were removed at inter- Registry No.- Chloroacetic anhydride, 541-88-8,
vals, evaporated to dryness, dissolved in methanol, and chro- 2, 24299 -19 -2 : 4, 24299 -2 0 -5 ; 5, 24343 -7 5 -7 ; 7, 24299-
matographed on a silica thin-layer plate, using ethyl acetate- 2 l - 6 '  8 . 2 4 3 4 3 -7 6 -8 ; 10, 2 4 2 9 9 -2 2 -7 ; 11, 24299 -2 3 -8 ;
methanol (10:1) as the developing solvent. The appropriate 13084-61-2
uv-absorbing spots were removed, extracted with methanol > *
(three 5-ml portions), and measured spectrophotometrically. A ck n ow led g m en t.— Thanks are extended to Dr. T.
for'thereactionifi04nh r aS C° mplete afte1' 2°  hr’ Wlth & me Williams for the nmr spectra, to Mr. S. Traiman for

B In Aqueous 2,6-Lutidine.— This experiment was carried the infrared spectra, to Dr. V. Toome for ultraviolet
out as described in part A. Dechloroacetylation was much spectra, and to Dr. F. J. Scheidl for the microanalyses,
slower in this medium with a half-time of 24 hr. Helpful discussions with Dr. A. L. Nussbaum are grate-

C. In Aqueous Sodium Chloroacetate.—A solution of S (5 f ,, „pVnnwlpde-ed
mg) in aqueous sodium chloroacetate, pH 6.3 (0.2 M ), was ex- F  ®

(17) P. A. Levene and R. S. Tipson, J .  Biol. Chem., 121, 131 (1937). (18) P. A. Levene and E. S. London, ibid., 83, 793 (1929).
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T otal Synthesis and Stereochem istry of dZ-Elaeocarpidine1

Gordon W. Gribble
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A total synthesis of the novel pentacyclic indole alkaloid elaeocarpidine (1) is described. The key amine 
lactam intermediate 6 undergoes reductive cyelization with lithium aluminum hydride to 1 and dihydroelaeo- 
carpidine (2). In the presence of a secondary amine the lithium aluminum hydride reduction is directed almost 
entirely to cyelization to 1. The reductive cyelization gives only the naturally occurring epimer, which is sug
gested to be cis on the basis of spectral and chemical data.

Elaeocarpidine (1), an indole alkaloid of biogenetic Scheme I
interest, was recently isolated from E l a e o c a r p u s  a r c h -  j  \ j  \
b o l d i a n u s  and postulated to have the pentacyclic
structure shown.2 This represents one of only a few | /
indole alkaloids to contain three nitrogen atoms.3 We h \
now wish to report a simple three-step stereospecific 3  /
total synthesis of di-elaeocarpidine (1) and its hydro- j L NaH Cis
genation product dihydroelaeocarpidine (2). The syn- | 2.ciCH2CH2cH(0 Et)z 7

O X 1™ c r Q  1-
H X J j  H U )  ( r \

l  2  /  0 " ’S r
EtCT^OEt /

thesis confirms the proposed structure for 1 and makes 4 \
available large quantities of 1 and 2 for biological COOMe
testing and further chemical studies. 4 + K j X  I ' 8

After our synthesis was completed, a brief report 
appeared describing a related preparation of elaeo- H
carpidine and dihydroelaeocarpidine by Harley-Mason °
and Taylor.4 Unfortunately, reaction yields and j
stereochemistry were not discussed in their preliminary
p u b lica tio n 4 so a  com p arison  w ith  ou r syn th esis  is l O I  I  l „  o  l p p e  | O l  if 9> J1TT 0  
n o t p resen tly  possible. V  V NH \

S y n th e s is .— O ur syn th esis  w as fo rm u lated  aro u n d  ^  f ^ ^ - N  3 3
tw o p o in ts : th e  a b ility  of try p ta m in e  (5 ) to  con den se g 9
w ith  ald ehydes to  fo rm  tetrahydro-|3-carbolines5 an d
the property of lithium aluminum hydride to reduce to methanolysis9 of N-(2-cyanoethyl) pyrrolidine- 
tertiary amides to the carbinol amme-immonium salt one )8 afforded N. (2.carbornethoxyethyl)pyrrolidin-
stage.6'7 Accordingly, our aim was directed toward 2_one (g) ^  52% ieR  Condensation of lactam ester
the synthesis of l-[2-(2-oxo-N-pyrrolidyl)ethyl]-l,2r  trvntflminp N-r3-nxo-3 ftfu-tnntaminvn-
3,4-tetrahydro-d-carboline (6). 8 Wlt, tr.yptamme gave A ld-oxo d-(«b tryptammylj

’ rp, . , • i . ,  ... propyl pyrrohdin-2-one (9) m 82% yield, ¡subsequentih e  synthesis of amine lactam 6 was readily accom- f  V , t  • , , , _ ... , , , , ,„  . T rr . treatment of amide lactam 9 with polyphosphate ester
phshedby two routes, summarized m Scheme I. Treat- (ppE)10 followed b sodium borohFydride gave amine
ment o 2-pyrrohdmone (3* with sodium hydride in kctam in 4Q% ield identical with that ed by
hexamethylphosphoramide-benzene followed by the ,, r
addition of 3-chloro-l,l-diethoxypropane8 gave N- *7 . , . , ,0 ,. ,, r, .... „ ° . . . .  With the desired intermediate (6) in hand, the task(3,3-diethoxypropyl)pvrrolidm-2-one (4) as a labile . . , , , ,, ... , AT V  atii -i • ... fir . . .  , j  , ,. remaining was to construct the sensitive2 JN-C-JN por-yellow oil in 34% yield. Acid-promoted condensation ,. , , . ,. , ., , , . , ,„ , , I .  . . . .  , ■ , tion of elaeocarpidine by a suitable ring closure. Asof lactam acetal 4 with tryptamine (5)8 gave the desired ,. , , r  . .t ., , ,  ■ n o r r f  . , ,  T i. . , was mentioned earlier, it was believed that lithiumamine lactam 6 in 78% yield. In an alternate route , . , , . ,  „  , . , , . ,  Raluminum hydride or lithium alkoxyalummohydrideb

(1) The author wishes to thank the donors of The Petroleum Research WOUld C onvert th e  am id e m o iety  1U 6  tO th e  COrreSpOnd-
Fund, administered by the American Chemical Society, the National jng  im m O nium  d e riv a tiv e  w hich  Would be e x p e cte d  to
Science Foundation, and the Research Corporation for providing generous t  ,• n i t • /-\ i / *,
financial support. und ergo cy e liz a tio n 11 to  elaeocarp id in e (1) a n d /o r  its

(2) S. R. Johns, J. A. Lamberton, and A. A. Siourais, Chem. Commun.,
410 (1968). (9) F. L. Janies and W. H. Bryan, J .  Org. Chem., 2S, 1225 (1958).

(3) R. H. F. Manske, Ed., “The Alkaloids,” Vol. VIII, Academic Press (10) Y. Kanaoka, E. Sato, and O. Yonemitsu, Tetrahedron, 24, 2591
Inc., New York, N. Y., 1965. (1968).

(4) J. Harley-Mason and C. G. Taylor, Chem. Commun., 281 (1969). (11) More conventional amide cyclodehydrating reagents seemed unat-
(5) W. M. Whaley and T. R. Govindaehari, Org. React., 6, 151 (1951). tractive since it was felt that they would preferentially interact with the more
(6) For the lithium aluminum hydride reduction of amides to aldehydes, nucleophilic secondary amine center in 6, rather than with the lactam group,

see H. C. Brown and A. Tsukamoto, J .  Amer. Chem. Soc., 86, 1089 (1964). Indeed, no cyelization could be detected when 6 was exposed to phosphorus
(7) For the lithium aluminum hydride reduction of oxindoles to indoles, oxychloride, PPE, phosphorus pentoxide, trimethyloxonium fluoroborate,

see P. L. Julian and H. C. Printy, ibid., 71, 3206 (1949). acetic acid, sodium, sodium borohydride, and sodium hydroxide. Similar
(8) This material is commercially available from the Aldrich Chemical Co. experiments with amide lactam 9 were unrewarding.
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epimer prior to reduction to dihydroelaeocarpidine amine present in large excess.14 This intermolecular
(2). This has been realized and is summarized in “protection” of the C -N  double bond in 11 should pre- 
Schem ell.12 vent overreduction by hydride to dihydroelaeocarpi

dine (2). Aqueous work-up would be expected to 
S c h e m e  I I  regenerate 11 which should cyclize to elaeocarpidine

' / \  1 without the interfering presence of lithium aluminum
LO T T  Jttt H CT+M hydride. Indeed, this proposal has been realized and

6 —— A ls summarized in Scheme III. Treatment of amine

S c h e m e  I I I
10

aqueous
work-up

Treatment of amine lactam 6 with excess lithium 1 "* M
aluminum hydride in tetrahydrofuran or diethyl ether
at room temperature gave a crystalline reaction product lactam 6 in pyrrolidine-tetrahydrofuran (1 : 1) at 0° 
shown to be two compounds by tic. These could be with excess lithium aluminum hydride in small portions
readily separated by crystallization or column chro- 0Ver several hours followed by the usual work-up gave
matography to give two crystalline compounds. The elaeocarpidine in 52%  yield along with unchanged lac-
less soluble compound (30% yield) was found to be tarn 6. More importantly, dihydroelaeocarpidine (2)
completely identical with authentic elaeocarpidine was found to be totally absent from the reaction prod-
(1) . The second compound (60% yield) was com- u ct.16
pletely identical with authentic dihydroelaeocarpidine The structure of dihydroelaeocarpidine (2) was fur-
(2) . Both synthetic specimens gave practically super- ther established by independent synthesis. Thus,
imposable infrared, ultraviolet, and mass spectra, 3-(N-succinimido)propionaldehyde16 was converted to
as well as exhibiting identical tic behavior with their N-(3,3-diethoxypropyl)pyrrolidine (13) in 29%  overall
natural counterparts. A careful search of the reaction
mixture using tic for the unnatural epimer (epielaeo- I \
carpidine) was unsuccessful. Even if epielaeocarpidine
possessed identical tic behavior as elaeocarpidine, the /
complete identity of the infrared spectra of natural \
With synthetic material, especially in the informative /
Bohlmann region (2840-2600 cm -1), leaves no doubt EtO OEt
that little if any epielaeocarpidine is formed in the cy- 13
clization reaction. I t  must therefore be concluded that . .
elaeocarpidine is formed stereospecifically. Attempts by lithium aluminum hydride reduction o e
to increase the 1 :2  ratio by using limited amounts of derived diethyl acetal. Subsequent acid-cata yze
hydride and/or low temperatures did not significantly condensation of 13 with tryptamme (5) gave di y ro-
alter the original experimental result. Likewise, elaeocarpidine (2) in 48%  yield.
treatment of amine lactam 6 with lithium diethoxy- The lithium aluminum hydride reductive cyclization 
aluminohydride and lithium triethoxyaluminohydride °f l - [2-(2-oxo-N-pyrrolidyl)ethyl]-3,4-dihy ro-/3-car o-
invariably gave a mixture of 1 and 2. Control experi- line (14) was also examined. Imme lactam 14 was
ments showed no conversion of elaeocarpidine (1) to readily prepared by treating amide lactam 9 with PP E
dihydroelaeocarpidine (2) under the reaction conditions. as previously described but omitting the sodium boro-
Since elaeocarpidine always directly crystallized from hydride reduction step. Treatment of 14 with hth-
the crude reaction product in a nearly pure state, the ium aluminum hydride gave elaeocarpidine (1) and
reductive-cyclization reaction represents a very con- ..
venient source of elaeocarpidine. A single crystal- K ) ]  j| ] o
lization from benzene gave the pure product by tic. 11__ LlAIHV i + 2

The success of the reductive-cyclization reaction H 1 / \
(Scheme II) leading to elaeocarpidine suggested that
perhaps the intermediate13 immonium salt 11 could 14
be more efficiently trapped by an external secondary ----------------

(12) For simplicity, the acidic hydrogens of 6 are left intact in Scheme I I .  (14) The author is indebted to Professor Heins G. Viehe for t h i a ^ 1 ° ° '
Probably the indole NH is removed by lithium aluminum hydride and pos- (15) Optimum condition, for this reaction have not “ f* * ;
sibly the secondary amine proton is also: J .  A. Krynitsky, J .  E . Johnson, and but morpholine behaves similarly. No attempt has yet been made to isolate 
H. J  Carhart, J .  L e r .  Chem. Sac., 70, 486 (1948). the intermediate aminal 12. I t  seems possible- that this reaction (6 - 1 2 )

(13) The intermediate in the cyclization reaction could also be the car- may represent a new general enamine synthesis. A study of the scope o 
binolamine derivative 1 0  but, although we as yet have no evidence on this this reaction and its implications will be reported separately.
point, we favor a reduction-cyclization competition arising from 11. (16) O. A. Moe and D. T . Warner, J .  Amer. Chem. Sac.. 71, 1251 (1949).
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dihydroelaeocarpidine (2) in approximately the same Li aid, ̂  ryy' r— p
ratio as was obtained from amine lactam 6. No other
compound could be detected by tic. The structure jj T  I \
of 14 was confirmed by its conversion to amine lactam \^-N
6 with sodium borohydride in nearly quantitative 15
yield. l.NaBD, I'f'N'l----- f ^ ]

Two points remain to be settled: the reason for 14 2. uaih/
the stereospecificity of the reductive cyclization of HD^T I /
amine lactam 6 and the stereochemistry of elaeocar-
pidine. 16

An examination of Dreiding models of immonium ^  LiA1D< r.
salt 11 , the presumed intermediate in the reductive- 14 J, [__
cyclization reaction, reveals that if attack occurs by the N i x C
piperidine nitrogen from an equatorial position it will
occur on the top face (as drawn in 11) of the immonium 17
derivative leading to a cis arrangement of methine ^  ^  intenge Bohlmann bands in the 2800-2700- 
hydrogens in elaeocarpidine ( l a ) .  The equatorial cm_1 ^  Thcse observations strongly imply
nucleophile can come very close to the electrophilic car- ftt ^  the lone air on Nc is flanked by two pro-
bon atom without evident strain or other interactions. . ,. . , ^1 „ „„T1i„rrv,a• i „• tons in a irans-diaxiai arrangement. I he conlorma- 
On the other hand, if attack occurs wa the axial pos^ thig criterion are the lrans. anti.
tmn of the piperidine nitrogen, models predict that it cts-syn-trans ( la ) ,  and the cis-anti-trans
will occur on the bottom face of the five-membered „ £  n J  v
ring leading to a I r a «  arrangement of methine hydro- (, f h deuterated elaeocarpi-
gene m elaeocarprdme ( lb ) .  Thus, it appears from ^  ^  ^  k  , he c _ D stretcting region.

Compound 15 shows a band at 1930 cm *, 16 shows a 
fO r I  I  ? [O l I  T band at 1990 cm“ 1, and 17 shows two bands, at 1990

O O  and 1935 Cm_1. Since it is established19 that C-D
HH bonds that are 1,2 cis to a nitrogen lone pair appear at

la lb higher frequency than those that are 1,2 trans diaxial
(~ 2150  vs. 2000 cm-1 for methylene and methine 

these arguments17 that the stereospecificity of the ring groups), it is very tempting to conclude that the C7—H-
closure can be rationalized, but, because the attacking (j)) and C20-H (D ) bonds in 15, 16, and 17 (and by
conformation of the piperidine ring is unknown, the anal0gy 1) are irans-diaxially situated to the nitrogen
stereochemistry of elaeocarpidine cannot be predicted ione pairg Furthermore, the unusually low frequency
with certainty. value of 1930 cm-1 for 15 is fully consistent with the

Stereochemistry—For each of the two possible con- C20D(H) being trans diaxial to both nitrogen lone
figurations of elaeocarpidine (la  or lb) there are pairSj resulting in a very efficient interaction.19'21
several conformations available due to nitrogen inver- The only c0nf0rmati0n which has C20H trans diaxial
sion and ring flipping in the molecule.18 To establish to both lone pairs and c 7H trans diaxial to one lone
which conformation(s), and hence configuration, exists pair is the frcms-anii-irans (18).
for elaeocarpidine, an examination of the nmr and in- nmr examination of elaeocarpidine ( 1) likewise
frared spectra of elaeocarpidine and the deuterated supports the trans-anti-trans conformation (cis con- 
elaeoearpidines 15, 16, and 17 was made. The prep
aration of 15, 16, and 17 is outlined. The structure (pj — J
of each deuterated alkaloid follows directly from the N 20 /  n /
method of preparation, from spectral and tic comparison 
with undeuterated elaeocarpidine, and from mass spec-
traldata. I jj I

The infrared spectrum of elaeocarpidine (1) shows I__/
several intense bands in the 2845-2660-cm_1 region U ] \
commonly known as Bohlmann bands,19 which are wry
characteristic of conformations having two or more 18 (la)
protons in a 1 ,2-irans-diaxial arrangement with a nitro- . .
gen lone pair. The infrared spectra of 15, 16, and 17 figuration) arrived at from infrared-based conclu

sions.
(17) Similar considerations have led to an elegant structure proof and syn- T h e  6 0 - M H z  n iX ir S p e c t r u m  o f  e l& C O C & rp id in e i l l

thesis of cernuine and related lycopodium alkaloids: W. A. Ayer and K. , • v i  o r
Piers, Can. J .  Chem., 45, 451 (1967), and accompanying papers. D O O 13 Sh o W S IlO SRtlirRtrCCi H  a b s o r p t i o n  DelOW  0 .1-

(18) The numbering system used for elaeocarpidine follows the general ppm. Similarly, at 100 MHz nO methylene Or methine
system adopted for most indole alkaloids and is shown in i. absorption appears downfield from the main saturated

urAAr— G- H absorption band. This observation supports the 
:8 JL 10 _n'9„ t infrared-based conclusion that the C7H in 1 is trans

11 h I d I e to the adjacent nitrogen lone pair. This follows since
7T 4 3

. 5 (20) The trana-syn-trans conformation, having a boat D ring, would not
1 show intense Bohlmann bands.

(19) J .  Skolik, P. J .  Krueger, and M. Wiewiorowski, Tetrahedron, 24, (21) (a) H. P . Hamlow, S. Okuda, and N. Nakagawa, Tetrahedron Lett.,
5439 (1968), and references therein. 2553 (1964); (b) M. J .  T . Robinson, ibid., 1153 (1968).
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i t  is well established  th a t  when a 1 , 2 -cis proton  lone- mixture was poured onto ice water and extracted with benzene.
pair relationship  exists, th e  absorption  for th is proton  The organic laysr was washed with cold distilled water, dried
appears a t  v ery  low field (3 .6 -4 .5  ppm ) re lativ e  to  th e  “ d con<f ntr,atf  “  7 ° * °  give 20  g <34%) of j 1 & -, o , J .  . , J. r i  n n n  \ ■ • 1 1 low oil. This material slowly darkened on standing and was
1,2-trans d iaxial arran gem ent (1 .7 -3 .2  ppm ) in  m dolo- used immediately after preparation, without further purification.
[2 ,3-a jquinolizid ines . 22,23 Pertinent spectral data for 4 are as follows: ir (CHC13) 2990,

In summary, on the basis of infrared and nmr evi- 1678> 1494> 1462> 1441> 1421> l 288. 1261, 1123,1053 cm-1; nmr
dence, i t  m ust be concluded th a t  th e  preferred confor- (t^ ^ /  5 '5  H z)6' ^ = 7  Hz ’̂ 2 ' 00 m̂’ 3 -4 9  ('m’ 8 ’̂ and 4 ,4 8

m ation  of elaeocarpidine (1) is trans-anti-trans (18) N ’(2-Carbomethoxyethyl)pyrrolidin-2-one (8 ).- T h i s  was pre-
and, therefore, 1 exists as th e  cis configuration la . pared using a slightly modified procedure of James and Bryan .9

C hem ical observations also tend to  support th e  m ore A mixture of 50 g (0.361 mol) of N-(2-cyanoethyl)pyrrolidin-2-
stab le  cis configuration for 1, although in  a negative ° ne8 68-8  g (0.361 mol) of p-toluenesulfonie acid monohy-
sense At.teirmts to  enim erize 1 to  enielaeocarnid ine drate’ and 1 1 5  g ( 3 ’6 mol) of m e th a n o 1  was stirred at reflux forsense. A ttem p ts to  epim enze l  to  epie aeocarpid ine 20  hr A precipitate of presumably ammonium p-toluenesul-
(lb ) using sodium  m ethoxid e-m eth anol, potassium  fonate forms after 3 hr. During the final stage of reflux 125 ml
i-butoxide-hexam ethylphosphoram id e, p ivalic a c id - of methanol was removed by distillation. To the cooled reaction
toluene, hydrobl’om ic a c id -a ce tic  acid , and p-toluene- mixture was added water and then solid sodium carbonate until
sulfonic acid-benzene-ethanol were uniformly unsuc- 7  mixt7 t waS slightly basic. This was extracted with chloro- 

, , j i j .  , , . form, which was washed with water, dried (MgSOA and con-
cessful and led to recovered elaeocarpidine and, in  centrated in vacuo to give a red oil. Distillation under reduced
some cases, dihydroelaeocarpidine and amine lactam pressure gave 32.3 g (52%) of 8 as a colorless oil, bp 102-104° (0.2
6. Similarly, oxidation of elaeocarpidine with mercuric mm).
a ce ta te  followed b y  red uction  w ith  sodium borohydride Pertinent spectral data for 8 are as follows: ir (CHCh) 2980,
or zinc nave no enielaeocarnidire as indeed bv tic 1730’ 1669’ 1483i 1450’ 1426> 1412> and 1282 cm~‘; nmr (CDCldor Zinc gave no epielaeocarpm m e as judged Dy tic . i  2.28 (m, 6 ), 3.51 (m, 4), and 3.68 (s, 3); mass spectra (70 eV)

F in a lly , studies on o th er ring system s tend  to  support m/ e 1 7 1 , i 38  („itrile impurity), 1 1 2 , i l l ,  98, 84, 70, 56, 5 5 , 5 4 ,
th e  stereochem istry  for elaeocarpidine arrived a t in 42, and 41.
the present paper. Quinolizidine and indolizidine l-[2-(2-Oxo-N-pyrrolidyl)ethyl]-l,2,3,4-tetrahydro-/3-carboline 
both predominate with the trans ring fusion having free 2? w ? -1+17 mô ,°  ̂ famine hydrochloride8
energy differences of 2 .1 -4 .4  and 1.9 keal/m ol, respec- refluxed for 1 hr under nitrogen with stirring. At this time an
tiv e ly . 24 In  con trast, th e  pyrrolizidine system  exists additional 0.117 mol of hydrochloric acid (1 0  ml of 1 2  N  HCI- 2 0

in  th e  CIS-fused form  since th e  trans is appreciably  ml of water) was added and heating continued for 0.5 hr. The
strained  26 dark amber solution was allowed to cool, washed with ether

(discarded), made basic with aqueous sodium hydroxide, and ex
tracted with chloroform-methanol. The organic layer was 

Exp erim ental Section washed with water, dried (K2CO3), and concentrated in vacuo to
, , ,  . . .  , give 38 g of an amber foam. Chromatography over activity I II

Melting points were determined in open capillaries with a Mel- basic aiumina gave, with benzene-chloroform elution, 25.9 g
Temp Laboratory Devices apparatus ana are uncorrected (78% ) of a viscous yellow syrup which slowly crystallized on
Infrared spectra were measured with Perkin-Elmer 137 or'3 3 7  standing. Tic showed one major spot (90%) and several tiny
instruments. Ultraviolet spectra were recorded on a Cary Model impurity spots. Crystallization from methylene chloride-ether
14 spectrophotometer. Unless otherwise stated, proton mag- gave tiny colorless crystals of 6 , mp 132-134°. 
netic resonance spectra were recorded on a Varian HA60-IL spec- Pertinent spectral data for 6  are as follows: ir (CHCI3) 3550
trometer using tetramethylsilane as an internal standard. 3310; 2960, 1670j 1494> 1467j and 1 4 5 2  cm->; mass spectra (70
Woelm alumina was used for column chromatography and silica eV) m /e 2 8 3 , 197, 185, and 171. Anal. Calcd for C„H2IN30 :
gel G was used for thin layer chromatography. The tic solvent 0 ,7 2 .0 6 ;  H, 7.47; N, 14.83. Found: C, 71.76; H, 7.49;
system found to be most satisfactory was methanol-triethylamine N 14 98 '
( - 9 5 :5 ) .  Other solvent systems used when comparing au- N-[3-Oxo-3-(Nb-tryptaminyl)propyl]pyrrolidin-2-one (9 ).—A
thentie material with synthetic material, were ethyl acetate- mixture of 4 .0  g (0.025 mol) of tryptamine (5 ) and 4.28 g (0.025
triethylamine (~ 9 5 :5 ) , methylene chlonde-tnethylamine mol) 0f 8 was heated with stirring under nitrogen at 130-160°
(—95:5), and chloroform-methanol (—90.10). The developing for j  br and f 0O_i7 o° for 5 hr. The reaction can be con-
agent was 3%  ceric sulfate-10% sulfuric acid solution which was veniently followed by tic. The amber red syrup was allowed to
followed by a 5-min heat treatment at 102 . Microanalyses were cooj about 5 C°, diluted with benzene, and chromatographed
performed by Micro-Tech Laboratories, Skokie, 111. over activjty I I I  neutral alumina. Elution with benzene-chloro-

N-(3,3-Diethoxypropyl)pyrrolidin-2-one (4). To a suspension form (increasing concentrations of the latter) gave a yellow syrup
of 11.5 g (56.8%, 0.27 mol) of sodium hydride, which had been which crystallized on standing. Crystallization from methanol-
washed several times with dry ligh  ̂ petroleum ether to remove ether gave 3.64 g (4 9 %) (two crops) of 9  as tiny needles, mp 118—
the mineral oil coat, in 400 ml of dry benzene and 800 ml of dry H 9 °. The mother liquors could be rechromatographed to give
hexamethylphosphoramide under nitrogen at 25 was added additional pure material as judged by tic.
dropwise 22.9 g (0.27 mol) of 2-pyrrolidinone8 (3) with stirring. j n subgequent preparations of 9 the crude reaction mixture was
The mixture was then heated at 70 for 0.5 hr. After cooling diluted with methanol and ether, seeded with pure 9 , and allowed
the mixture to 5-10 , 45 g (0.27 mol) of 3-chloro-l,l-diethoxy- stand at 5 °. In this fashion there was obtained directly pure
propane8 was added over a 0.5-hr period. After sta,ndmg over- g jn 0 0 % yield. An additional 16% could be obtained by chro- 
night (10 hr) the mixture was refluxed for 1 hr. Stirring under matography of the mother liquors.
nitrogen was maintained throughout all of these operations. Pertinent spectral data for 9 are as follows: ir (CHCL) 3590,
Most of the solvent was removed in vacuo and the remaining 3370> 3030) 1671> 15]7j i 4 8 i ,  and 1285 cm“1; mass spectra (70 

„ , j , T , S1R eV) m /e  299, 157, 144, 143, 140, 130, and 98. Anal. Calcd for(22) (a) W. E. Rosen and J. N. Shoolery, J . Amer. Chem. Soc., 83, 4816 ' ' ’ „  „ . „  _ ’. „  r  Re
(1961); (b) E. Wenkert, B. Wickberg, and C. L. Leicht, ibid., 83, 5037 C17H21N3O2. 0 ,6 8 .2 1 , H, 7.07, N, 14.04. Found. C, 68.35,
(1961); (c) E. Wenkert and B. Wickberg, ibid., 84, 4914 (1962); (d) J. D. H, 7.05; N, 14.08.
Albright, L. A. Mitscher, and L. Goldman, J. Org. Chem., 28, 38 (1963); Amine Lactam 6  from Amide Lactam 9.—A mixture of 1.3 g
(e) H. Zinnes, R. A. Comes, and S. Shavel, Jr., ibid., 30, 105 (1965); and (4.35 mmol) of amide lactam 9 and 6  g of polyphosphate ester
(f) C. M. Lee, W. F. Trager, and A. H. Beckett, Tetrahedron, 23, 375 (1967). (PPE) in 15 ml of dry chloroform was refluxed under nitrogen with

(23) Conformations having CmH cis to both of the lone pairs can also be stirring for 4.5 hr then at room temperature for 8 hr. The dark
excluded since the proton absorption would also be at low fields (below 3.5 green mixture was poured into water, made basic with 10%
ppm). This is especially significant since models indicate that the trans- carbonate goluti diluted with ethanol, and treated

configuration ll>tl0n "  ”  006 with 5  g of sodium borohydride at 0° for 1 hr and 25° for 20 hr.
Aaron and C. P. Ferguson, Tetrahedron Lett., 6191 (1968). Ether extraction gave, after water washing, drying (KtCOi), and

(25) I. M. Skvortsov and J. A. Elvidge, J . Chem. Soc., B, 1589 (1968). concentration in  vacuo, 0.72 g of a yellow-orange foam. Chro-
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matography over activity I I I  basic alumina gave, with benzene— Pertinent spectral data for 13 are as follows: nmr (CDCI3) 5
chloroform elution, 0.51 g (41%) of 6 as a yellow oil which slowly 1.20 (t, 6 , J  = 7 Hz), 1.82 (m, 6 ), 2.50 (m, 6 ), 3.5i (m, 4), and
crystallized. This materi^d was identical (infrared, tic behavior) 4.57 ppm (t, 1, J  = 5.5 Hz); ir (CHCls) 2940, 1450, 1388, 1368,
with that obtained earlier. and 1344 cm“1; mass spectrum (70 eV) m /e  201, 172, 157, 128,

Elaeocarpidine (1) and Dihydroelaeocarpidine (2).—To asolu- 126, 98, 84, 70, 57, 55, and 42. Anal. Calcd for C11H23NO2'.
tion of 4.2 g (14.8 mmol) of amine lactam 6 in 140 ml of dry tetra- C, 65.63; H, 11.52; N, 6.96. Found: C, 65.44; H, 11.39;
hydrofuran at 0° under nitrogen with stirring was added in one N, 7.07.
portion 1.5 g (40 mmol) of lithium aluminum hydride. The mix- Dihydroelaeocarpidine (2) from Amine Acetal 13. To a mix
ture was stirred at 0° for 1 hr, then at 25° for 18 hr. To the ice- ture of 9.75 g (0.0496 mol) of tryptamine hydrochloride in 50 ml
cold mixture was added successively ice water (dropwise), 6  N  of water at 75° under nitrogen with stirring was added dropwise
sodium hydroxide, water, and ether. The organic extract was 9.9 g (0.0493 mol) of 13. The mixture was heated at 80-90° for
washed with water, dried (K 2C O 3), and concentrated in vacuo to 0.5 hr, an additional 0.049 mol of hydrochloric acid (4 ml of 12
give 4.0 g of a yellow syrup which partially crystallized. Tritura- N  HC1) was added, and the mixture was refluxed for an additional
tion with hot benzene and collection of the resulting white solid 1 hr. The cooled mixture was filtered and the residue was
afforded 0.675 g (17%) of nearly pure elaeocarpidine contami- washed with aqueous hydrochloric acid. The combined acid
nated with only a small amount of dihydroelaeocarpidine as indi- extract was washed with ether (discarded), made basic with
cated by tic. Crystallization from benzene-methanol gave pure aqueous sodium hydroxide, and extracted with chloroform. This
elaeocarpidine, mp 226-227° (slight sintering and darkening at afforded after the usual manipulation 10.2 g (77%) of an amber
222°). This synthetic material was completely identical with syrup. Chromatography over activity I I I  basic alumina gave,
authentic elaeocarpidine [infrared, mass spectral analysis, tic with benzene-chloroform elution, 6.3 g (48% 1 of dihydroelaeo-
(four solvent systems: spot shape, color, and mobility as well as carpidine (2 ) as an oil which slowly crystallized (nearly pure by
spot enhancement), and ultraviolet]. The unnatural epimer tic). Crystallization from methanol-ether-petroleum ether (bp
could not be detected by tic in either the synthetic or natural 20-49°) gave prism clusters, mp 123-124°. This material was
elaeocarpidine. identical with that obtained by lithium aluminum hydride reduc-

On standing, the mother liquor from above deposited 1.19 g tion of lactam acetal 6 as well as with authentic material (infrared
(30%) of practically pure dihydroelaeocarpidine, mp 119-122°, and tic behavior).
which was contaminated with but a trace (tic) of elaeocarpidine. l-[2-(2-Oxo-N-pyrrolidyl)ethyl]-3,4-dihydro-/3-carboline (14).
Crystallization from methanol-ether gave pure dihydroelaeocar- —A mixture of 5.1 g (17 mmol) of amide lactam 9, 25 g of
pidine, mp 123-124°. This material was identical with authentic PPE, and 60 ml of dry chloroform was refluxed under nitrogen
dihydroelaeocarpidine (by same criteria used to compare elaeo- for 4 hr. The dark mixture was poured into water, made basic 
carpidine). with sodium hydroxide, and extracted with methylene chloride.

Chromatography of the mother liquors from above over activity This afforded 1.37 g of an amber foam showing on tic a spot dif-
I I I  “super 200” basic alumina gave, with benzene-chloroform ferent from amine lactam 6 and amide lactam 9. Chromatog-
elution (increasing concentrations of the latter), 1.25 g (31%) of raphy over activity I I I  neutral alumina gave, with benzene-
dihydroelaeocarpidine (pure by tic) and 0.39 g (10%) of elaeo- chloroform elution, 0.5 g (10%) of 14, mp 145-148°, showing the
carpidine, slightly contaminated (tic) by a small amount of di- expected long-wavelength uv absorption at 236 and 316 mm-
hydroelaeocarpidine. This material (pure by tic) was used directly in the reductive

Pertinent spectral data for these compounds are as follows. cyclization.
Elaeocarpidine: ir (CHCI3) 3525, 2950, 2845,1450,1372, 1356, Interestingly, sodium borohydride reduction of the aqueous

1300, and 1170 cm“1; mass spectrum (70 eV) m/e 267, 266, 239, basic layer gave 2 g (41%) of amine lactam 6 , indicating incom-
225, and 160. Anal. Calcd for CnH2iN3: 0 ,7 6 .3 7 ; H, 7.92; plete extraction of 14 into the organic layer.
N, 15.72. Found: C, 76.50; II , 7.86; N, 15.86. Pertinent spectral data for 14 are as follows: ir (CHC13) 3260,

Dihydroelaeocarpidine: ir (CHC13) 3535, 2940, 2835,1492, and 2960, 1667, 1629, 1550, 1495, 1470, 1448, 1317, and 1288 cm-1. 
1448 cm-1; mass spectrum (70 eV) m/e 269, 239, 225, 198, 185, Imine lactam 14 could not be satisfactorily crystallized and was 
184, and 171. Anal. Calcd for C17H23N3: C, 75.80; H, 8.61; characterized by sodium borohydride reduction to 6  in quantita- 
N, 15.60. Found: C, 75.86; II , 8 .6 6 ; N, 15.83. tive yield.

Treatment of 1 with Lithium Aluminum Hydride.—A mixture Preparation of 15.—A mixture of 0.9 g of amine lactam 6, 0.35 
of elaeocarpidine (1) and dihydroelaeocarpidine (2) (0.70 g; g of lithium aluminum deuteride, and 35 ml of dry tetrahydro-
~ 50 :50 ) was refluxed with lithium aluminum hydride (0.10 g) in furan was stirred under N2 for 30 min at 0°, 5 hr at 25°, and 1 hr
tetrahydrofuran under nitrogen. Aliquots were periodically at reflux. The usual work-up gave 0.64 g of an oil which crystal-
removed, processed, and examined by tic. No change in the lized on standing. Tic showed two spots of equal intensity hav-
1 / 2  ratio was observed. After 15 hr the reaction mixture was ing same characteristics as 1 and 2. A single crystallization from
worked up to give 0.5 g of product which showed the same benzene gave pure (tic) 15, mp 214-222°.
elaeocarpidine/dihydroelaeocarpidine ratio as was present at the Pertinent spectral data for 15 are as follows: ir (CHCI3) 3525, 
beginning of the reaction. No other spots were present on the 2945, 2845, 2790, 2731, 1930, 1449, 1373, 1296, 1279, and 1177 
tic chromatogram. cm-1; mass spectrum (70 eV) m /e  268, 240, 226, and 171.

Elaeocarpidine (1) from 6  in the Presence of Pyrrolidine.—To Preparation of 16.—A mixture of 3.3 g of imine lactam 14, 1 g
a solution of 2.25 g of amine lactam 6 in 50 ml of dry tetrahydro- of sodium borodeuteride, and 50 ml of methanol-O-d was stirred
furan and 50 ml of dry pyrrolidine under nitrogen at 0° was at 0° for 1 hr and then at 25° for 15 hr. The solution was diluted
added 2  g of lithium aluminum hydride in spatula-tip portions with water and extracted with methylene chloride. The usual
over 10 hr. The usual work-up gave 1.1 g (52%) of nearly pure manipulation gave 3.3 g of an amber foam. This was treated
elaeocarpidine (tic) contaminated with a small amount of 6 . No directly in the usual fashion with 1 g of lithium aluminum hy-
dihydroelaeocarpidine (2) could be detected by tic. dride in 60 ml of dry tetrahydrofuran at 0° for 30 min, at 25 ° for

N-(3,3-Diethoxypropyl)pyrrolidine (13).—A mixture of 33 g 18 hr, and at reflux for 1 hr. Work-up gave a yellow oil which
(0 .2 0 1  mol) of 3-(N-succinimido)propionaldehyde, 150 ml of dry crystallized slowly. Tic showed two spots having the same char-
ethanol, 5 g of anhydrous calcium chloride, and 6  drops of con- acteristics as 1 and 2 . Crystallization from benzene afforded
centrated hydrochloric acid was allowed to stand at 25° for 5.5 pure (tic) 16, mp 222-225°.
days. Fresh calcium chloride was added periodically so that it Pertinent spectral data for 16 are as follows: ir (CHC13) 3490,
was always present in solid form. The mixture was made 2935, 2845, 2795, 2730, 1990, 1449, 1352, 1290, and 1267 cm-1;
slightly basic with sodium ethoxide and the ethanol was removed mass spectrum (70 eV) m /e 268, 241, 240, 227, and 226.
in vacuo. The solid residue was added in portions to a suspension Preparation of 17.'—A mixture of 1.3 g of imine lactam 14, 
of 40 g of lithium aluminum hydride in 11. of dry tetrahydrofuran. 0.53 g of lithium aluminum deuteride, and 50 ml of dry tetra- 
After addition, the mixture was refluxed under nitrogen for 24 hr. hydrofuran was stirred under nitrogen for 1 hr at 0°, 5 hr at 25°,
The excess lithium aluminum hydride was destroyed by cautious and 3 hr at reflux. The usual work-up gave 1 . 1  g of an amber oil
addition of ice water to the ice-cold reaction mixture. This was which crystallized on standing. Tic showed two spots having the
followed by the addition of 6  A sodium hydroxide and extraction same characteristics as 1 and 2 . A single crystallization from
with ether. The organic layer was washed with cold distilled benzene gave pure (tic) 17, mp 221-225°.
water, dried (K 2C O 3), and concentrated in vacuo to give 13 g of Pertinent spectral data for 17 are as follows: ir (CHCU) 3525,
a yellow oil. Distillation under reduced pressure gave 11.7 g 2950, 2845, 2795, 2725, 1990, 1935, 1457, 1370,1326, 1298, 1282, 
(29% ) of pure 13 as a colorless oil, bp 101-103° (8-9 mm). 1163, and 1124 cm-1; mass spectrum (70 eV)?n/e 269, 241, and 227.
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Novel steroidal /3-keto esters 4 and 6 were prepared by direct carbonation of 17/3-acetoxy-5a-androst-l-en-3-one
(3) or by the reductive carbomethoxylation of testosterone acetate, respectively. Methylation of 6 affords selec
tively 7, the expected product of stereoelectronically controlled axial alkylation. A reversal in the predicted 
stereochemical course of alkylation was observed with 4, which afforded 11 as its exclusive methylation product.
The configurations at C-4 in 7 and 11 were established through the corresponding 3-deoxy esters 9 and 10. Ester 
9 was converted by a series of reactions into ( — )-sandaracopimaric acid (1).

Considerable support for the stereochemistry of the construction of the abietic acid type6 of substitution
isomeric pimaric acids was provided by the syntheses of pattern at C-4 of the steroid. Such a substitution pat-
racemic pimaradiene and sandaracopimaradiene.1 The tern or the epimeric podocarpic acid type6 of arrange-
stereochemical ambiguity at C-132 of the synthetic meat has been attained by a variety of approaches7 in
hydrocarbons was subsequently resolved by the con- the syntheses of other resin acids from bi- and tricyclic
version of testosterone into ( — )-sandaracopimaradiene intermediates. Among these approaches, the most
by three independent routes.3 The synthesis of a pi- direct method has been the selective methylation of
marie acid-type natural product possessing a carboxyl /3-keto esters.8-10 We utilized this approach in pre
group at C-4, however, has not been described in the paring the epimeric lceto esters 7 and 8. Our interest
literature. In this paper4 we report the first synthesis in this area evolved from a program involving the prep-
of ( — )-sandaracopimaric acid5 (1) a diterpenoid resin aration of novel 4-substituted androstane and pregnane
acid isolated from Callitris quadrivalvis, starting from derivatives for biological studies.
testosterone acetate. The present work provides a 4-Carbomethoxy-5a-androstanes.—By analogy with
direct confirmation of the assigned structure 1 and the tricyclic series,8 lceto esters 4 and 6 would be the
absolute stereochemistry for the natural acid. substrates of choice since methylation of either of these

compounds would be expected to proceed by 0 attack, 
■ thereby providing the desired abietic acid type6 of

stereochemistry at C-4. Two methods were used for 
the introduction of the carbomethoxy group at C-4 of 

f "j "j the appropriate steroid substrate. Using the direct
carbonation procedure,11,12 17/3-acetoxy-5a-androst-l- 

*  ‘C02R en-3-one13 (3) was treated with an excess of tritylsodium
1, R = H followed by the introduction of carbon dioxide and con-
2, R = CH3 version of the resulting acid into its methyl ester by

reaction with diazomethane. Tic indicated that the
Sandaracopimaric acid (1) has the same absolute product was a complex mixture of keto esters and start-

stereochemistry at carbons 5, 9, 10, and 13 as steroids of ing enone 3 in which the 17-acetate group had partially
the 5a series. Hence, the only stereochemical prereq- hydrolyzed and also had partially undergone carbona-
uisite for the conversion of a 5 a steroid into 1 is the

(6) The term “abietic acid type" is used herein to denote an asymmetric
(1) (a) R. E. Ireland and P. W. Schiess, J .  Org. Chem., 28, 6 (1963); center containing a 8-methyl and an a-carboxyl group. "Podocarpic acid

(b) for a review, see R. McCrindle and K. H. Overton, Advan. Org. Chem., type’’ denotes the alternative arrangement (a-methyl, 8-carboxyl).
5, 47 (1965). (7) C/. citations in ref 8-10.

(2) Diterpene numbering as in ref lb. This numbering will also be used (8) E. Wenkert, A. Afonso, J. B. Bredenberg, C. Kaneko, and A.
for steroidal derivatives that do not contain C-15. Tahara, J .  Amer. Chem. S oc., 86, 2038 (1964), and earlier papers cited.

(3) (a) A. K. Bose and S. Harrison, Chem. In d . (London), 1307 (1961); (9) T . A. Spencer, T . D. Weaver, R. M. Villarica, R. J .  Friary, J .  Posler,
(b) M. Fetizon and M. Golfier, Bull. Soc. Chim. Fr., 167 (1963); (c) P. and M . A. Schwartz, J .  Org. Chem., 33, 712 (1968).
Johnston, R. C. Sheppard, C. E. Stehr, and S. Turner, J .  Chem. S o c ., C, (10) T. A. Spencer, R. J. Friary, W. W. Schniegel, J. F. Simeone, and D. S.
1847 (1966). Watt, ib id -’ 33' 719 (1^68).

(4) A preliminary report on this work has been published: A. Afonso, (11) H. M. E. Cardwell, J. W. Cornforth, S. R. Duff, H. Holtermann,
J . Amer. Chem. S oc., 90, 7375 (1968). and R- Robinson, J . Chem. S oc., 361 (1953).

(5) (a) O. E. Edwards, A. Nicholson, and M. N. Rodger, Can. J .  Chem., (12) E. Wenkert and B. G. Jackson, J .  Amer. Chem. S oc., 81, 5601 (1959).
38, 663 (1960); (b) V. Galik, J. Kulhan, and F. Petru, Chem. Ind. (London), (13) R. E. Counsell, P. D. Klimstra, and F. B. Cotton, J .  Org. Chem.,
722 (1960); (c) A. K. Bose, ibid., 1104 (I960). 27, 248 (1962).
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tion. The crude reaction product was subjected to a The nmr spectrum of 8 shows a sextet (•/ =  14.5, 
selective hydrolysis of the 17-ester functions under 14.5, and 6 cps) with an intensity of 1 H centered at
acidic conditions, followed by acetylation. The S 2.93. It is noteworthy that this resonance, assigned
product resulting from this treatment was predom- to the 2/3 proton of 8, is absent in 7 and 10. Large
inantly a mixture of 3 and 4 and upon chromatography values for J aa and J ae such as the ones above, observed
afforded the desired 4a-carbomethoxy-17/3-acetoxy-5a- for 8, are not unusual.15 The downfield position of the
androst-l-en-3-one (4) in 30% yield. Catalytic reduc- chemical shift of the 2/3 proton of 8 is interpreted as

indicative of a chair conformation for ring A, wherein 
OAc OAc the carbonyl of the ester group can exert a deshielding

/ s l l  effect on the 2/3 proton. Similar deshielding effects on
, [ | , | | | protons held in the plane of a carbonyl group have been

observed.16
J l JL J . 1 1 .  I Clemmensen reduction of the methylated keto esters

7  and g afforcteci the epimeric 3-deoxy esters 9 and 10, 
R R respectively. A comparison of the relative suscepti-

3, R = H 5, R = H bility of the esters to basic hydrolysis showed th a t 10 is
4 ,  R = -C 02CH3 6,R = -C 0 2CH3 resistant to hydrolysis while 9 is not. In agreement

„ . . . with the hydrolytic data, the 19-methyl proton reso-
tion of 4 led to the formation of 6 Alternatively, 6 nance of 1Q at 5 0.70 shielded17 by 0.19 ppm
was prepared by using Stork s procedure14 for reductive relativ6 to the corresponding resonance of 9 at 5 0.89.
carbométhoxylation.9 Thus, testosterone acetate was The 1,3-diaxial shielding by a carbonyl group has been 
treated with lithium in ammonia followed by carbon uged ag & diagnostic test to distinguish between analo-
dioxide and, upon acidification, treated with diazo- c _4 stereoigomers in other series.9.18 The above
methane followed by acetylation. Chromatography hydrolytic and nmr data established unequivocally the
of the reaction product resulting from this sequential 8tereochemistr at C-4 in compounds 9  and 10 and 
treatment afforded 4a-earbomethoxy-17/3-acetoxy-5a- hence in 7 8 and 11
androstan-3-one (6) in 24% yield. From the same Stereochemistry of Alkylation.—As expected,8 the 
reaction 17d-acetoxy-5a-androstan-3-one (5) was also methylation of 6 proCeeds selectively to afford 7, 
isolated. No carbonatiom at C-2, which would result tfae duct of stereoelectronically controlled alkylation
from equilibration of the C-4 anion,9 was detectable m attack by the alkylating agent). The stereo-
the reaction pro uc . chemical course of the methylation of 4, however, is

In the nmr, the 40-proton resonance of both 4 and 6 ite (exclusive a attack by the alkylating agent
appears as a doublet with an axial-axial coupling of tQ form n )  to that observed in analogous suostrates.19

2.5 cps As has been observed m other tram -fused Examination of Dreiding models of 4 and 6 does not
4-carbalkoxy-3-ones,9 4 2 neither of the keto esters 4 or reyea] overwhelming differences, in either the steric
6 exhibits spectral properties of an enohzed /3-keto ester ghie]di due to the an lar group or in p en  interac-

The keto esters 4 and 6 were alkylated with methyl tiong between c _4 c _6 and c . n  C.f  that would ac_

l°rdï e “ -benzr . e USmg f i T  ^ 1  !  aSi heA aS<3- count for the impressive reversal of the stereochemicalMethylation of 6 proceeded selective y to afford 7 as courge q{ alk lation of 4 . It is obvious that extraor_
the major product. From the same alkylation, a small dinaril gubtle factors in 4 affect the a roach of the
yield of the epimeric compound 8 was also isolated, the alk lati agent. Exclusive a-methylation of 4  can
ratio of 7 to 8 being 9.2:0.8. Under the same condi- be regarded to be stereoelectronically controUed if ring

qR qR A acquires a boat conformation in the transition state
■ I I I of its alkylation. Dreiding models indicate that twist-

/ y N  ing of ring A, which is easier in 4 than in 6, somewhat
------1 ------1 relieves the peri interactions.

(15) (a) S. G. Levine and R. E . Hicks, Tetrahedron Lett., 5409 (1968), 
A A an(i citation 9 therein; (b) A. C. Huitric, J .  B . Carr, W. F . Trager, and B . J.

CO2CH3 CO2CH3 Nist, Tetrahedron, 19, 2145 (1963).
7, A =  O; R =  CH3CO — 8, A = 0; R=CH3CO— (16) Williams, N. S. Bhacca, and C. Djerassi, J .  Amer. Chem. Soc.,
9, A = H2; R = H 10, A = H2;R  = H 85,2810 (1963).

(17) The magnitude of the shielding effect in the corresponding 3-keto 
OAc compound 8 is much reduced (0.06 ppm) relative to 10.

■ I (18) E . Wenkert, A. Afonso, P. Beak, R. W. J .  Carney, P. W. Jeffs, and
/ \ L A s .  J .  D. McChesney, J .  Org. Chem., 30, 713 (1965).
I f 1 (19) The methylation of the analogous keto ester i, in contrast to that of

4, proceeds by attack of the alkylating agent from the 8 side exclusively.8 
i l l  I t  is noteworthy that the methylation of the related substrate ii, originally

VH'' TOTH, ^  X11 x ^ 9  x£jtions, the m ethylation of 4 was stereospecific, 11 being
the only alkylated product formed in the reaction. coxh, cn
Catalytic reduction of 11 afforded 8, the minor methyla- ‘ "
tion product of 6. reported to following the same stereochemical course as i [M. E . Kuehne,

J .  Amer. Chem. Soc., 83, 1492 (1961)], has now been reinvestigated and found 
(14) G. Stork, P. Rosen, N. Goldman, R . V. Coombs, and J .  Tsuji, to proceed from the a  side [M. E . Kuehne and J .  A. Nelson, J . Org. Chem., 

J .  Amer. Chem. Soc., 87, 275 (1965). 35, 161 (1970)].
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Cleavage of Ring D.-—With the conclusion of the in alkaline solution.22 Decarbonylation of 16 using
construction of the desired substitution pattern at C-4 ethylene p-toluenethiolsulfonate,23 proceeded smoothly
as in ester 9, formation of an olefinic bond atC -14(15) to yield the thioketal 17. This decarbonylation pro
in 9 was necessary in order to carry out subsequent steps cedure was used in order to circumvent bond cleavages
to cleave ring D. In the described conversions of which could occur between carbons 13 and 14 or 13 and
steroidal derivatives into sandaracopimaradiene, this 17. Desulfurization of 17 with W-2 Raney nickel af-
objective was achieved by the acid-catalyzed migration forded the methyl ketone 18. The formation of the
of a 5,6 olefinic bond3b'° or through a 16-benzylidene new methyl group in 18 was evident from its nmr spec-
derivative.3'1 Our approach is based on the observation trum. Catalytic hydrogenation of 18 in the presence
that steroidal 16-a-bromo-17-cnes, on dehydrobromina- of platinum afforded a two-spot mixture of the epimeric
tion with lithium bromide-lithium carbonate in di- diols 19 which, without further purification, was con-
methylformamide, afford the corresponding 14(15)-en- verted into the corresponding dibenzoates, 20, and
17-ones in reasonable yield.20 Thus, Jones oxidation pyrolyzed at 440°. The distillate on chromatography
of 9 gave the 17-ketone 12 which was converted into afforded methyl sandaracopimarate (2, 55%  from 18),
the corresponding end acetate by refluxing with iso- which on ester cleavage using lithium iodide in colli-
propenyl acetate in the presence of p-toluenesulfonic dine24 gave ( —)-sandaracopimaric acid (1) identical in
acid. The end acetate without further purification all respects with an authentic sample of the natural

acids.25
0  °  0

Experimental Section26

I____ 1 - I  Ji l ------ 1 ^  i J k i - O - j  4a-Carbomethoxy-l7/3-acetoxy-5a-androst-l-en-3-oiie (4).— A
f 1 0 ___0  solution of tritylsodium in ether (3% , 450 ml) was added to a

l  j .  J L J L J  solution of 17(3-&cetoxy-5a-androst-l-en-3-one13 (9 g) in dry ether
X  until the red color persisted. A stream of dry carbon dioxide

C02CH3 C02CH3 Cu2CH3 was ^ en  bubbled into the mixture for 2 hr. The mixture was
12, X = H 14 15 then stirred vigorously with ice water for 5 min, and the aqueous
13> X =  —Br layer, after separation, was rapidly acidified with cold 10%

„ q r  sulfuric acid and immediately extracted with methylene chloride.
V j The organic extract was treated with an excess of ethereal diazo-

methane solution for 10 min and then evaporated. The residue 
! j K i I T (six-spot mixture on tic) was stirred with methanolic sulfuric

acid ( l® * 200  ml) overnight at room temperature, and the in- 
j j T  I 1 J  soluble nonsteroidal solid was then removed by filtration. The
k / \ /  filtrate was concentrated under reduced pressure, diluted with
W 'C 02CH v v'co2CH3 water, and extracted with methylene chloride. The extract was
ic rw m i in p _ w  dried and evaporated under reduced pressure, and the residue
lb ,It- UH— unuil i»,n n was dissolved in pyridine (ISO ml) containing acetic anhydride

, 2 0 , K -C 6H5LU (40 ml). After being allowed to stand overnight at room tem-
= — _| perature, the reaction mixture was diluted with ice water and

® after 15 min of stirring was extracted with ether. The extract
18, R =  -CH 3 was washed with cold 10% hydrochloric acid and water, dried,

and evaporated. The resulting product (one major spot with
was treated with bromine to afford the 16a-bromo deriv- trace contaminants) was applied as a plug on 600 g of Florisil.
«five 13 The oonfiouiration of the bromo groun is Elution with 20% ether-hexane afforded nonpolar materials andative 13. the configuration oi tne promo group is 3 The material eluted w¡th 30% ether_hexane was crystallized
based on analogies. D ehydrobrom m ation  of 13, from ether-hexane to afford 3.17 g (30%) of 4  as colorless plates:
under the conditions mentioned earlier, afforded the mp 168-172°; [a]o -6 .6 ° ; w  232 him (e 10,400); Ama* 5.80,
4 S -m e th y l-4 o -ca rb o m e th o x y -5 a -a n d ro s t-1 4 -e n -1 7 -o n e  6.00, and 8.10 x, nmr s 0.82 (3 H, s, 13-CH3), 1.05 (3 H, s,
(14) in 32%  yield. The product does not absorb in the 1 ^ )  2 .0 ^ 3  H ^ ¿ ^ C O C H s ), 3 ^ ( 1  H, d, g  ^ = D .5

uv and its nmr spectrum shows the presence of one iPh ’ j '= I0 cps)ppm.
vinyl proton. Ozonization of 14 at low temperature Anal. Caled for C23H:20 5 : C, 71.10; H, 8.30. Found: C, 
led to the formation of a stable crystalline ozonide 15. 71.11; H, 8.59.
In the nmr, the protons at C-15 and C-16 of 15 show an 4a-Carbomethoxy-17/3-acetoxy-5«-androstan 3mne (6). A.
* V, /.  j .  ^  i i ii < From 4 —A solution of 4 (0.7 k) in methanol (lo ml) was added
A BX splitting pattern. Originally it was hoped that ^  a presaturated suspension of 1 0 % palladized carbon (0.175 g)
ozonization of 14 followed by oxidative work-up would in methanol (15 ml) and the hydrogenation allowed to proceed
afford a /3-keto acid which would readily decarboxylate under atmospheric conditions. After the uptake of hydrogen
to form the diketone 18. However, attempted oxida- —  2) R,0 . Clinton, a  a . ,  j . Amer. chem. soc., ss, wrs (i96i).
tive work-up of the ozonization product by the conven- (23) R. B. Woodward, A. a. Patchett, D. H. R. Barton, D. a. j . Ives,
tional procedures led to the recovery of starting mater- and R. b . ^ Esch_ ^  Helv
ial. Reductive work-up using zmc-acetic acid was 43 n3 (1960)
equally unsuccessful; however, catalytic hydrogenoly- (25) The author thanks Dr. O. E. Edwards for a comparison sample of
Sis of 15 in the presence of palladized_carbon proceeded a Reichert micro heating stage and are
at a rapid rate, with the consumption of 1 equiv of uncorrected. Infrared spectra were determined in Nujol mulls using a Per-
hvdroeen, to afford the hydroxymethylene derivative kin-Elmer Model 137 recording spectrophotometer. Ultraviolet spectra were

0 T + - + i 15 the nmrlnct mvp« determined on a Cary 14 spectrophotometer. Nmr spectra, m CDCli16. In agreement with structure 16, the product gives using TMg as the internal staDdard_ were determined on a varían a-60a
a positive ferric chloride test and its absorption maxi- spectrometer. Specific rotations were measured on 0.3% solutions in dioxane
mum undergoes the characteristic bathochromic shift

(20) A. Afonso, Can. J .  Chem.. 47, 3698 (1969). form was used as che developing solvent and sulfuric acid as the spraying
(21) J. Fajkos, Collect. Czech. Chem. Commun.. 20, 312 (1955); 23, 1559 agent. Microanalyses and the physical measurements were performed by

(1958) the Analytical Research Services, Schermg Gorp.
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was complete (10  min), the catalyst was removed by filtration oil, 1 . 1  g) under conditions of reaction and work-up identical
and the residue obtained by evaporation of the filtrate was with those used for the preparation of 11. The alkylation product
crystallized from ethyl acetate-ether to afford 0.6 g of 6 as on crystallization from ether afforded 3.18 g of 7 (one spot by
prisms: mp 159-161°; [ « ] d  —2.8°; XmBx 5.72, 5.78, 5.84, 8.05 tic). The mother liquor (two spots by tic) was evaporated to
Hi nmr 8 0.82 (3 H, s, 13-CH3), 1.06 (3 H, s, 10-CH3), 2.02 (3 H, dryness and the residue was chromatographed over 200 g of
s, 17-OCOCH3), 3.27 (1 H, d, 4/3-H, J  = 12.5 cps), 3.76 (3 H, s, Florisil. Elution with 10% ether-hexane afforded, after crystal-
4 -CO2CH3) ppm. lization from ether, 0.428 g of 8 , mp 198-200°. The material

Anal. Calcd for C23H3.1O5: C ,70 .74 ; H, 8.78. Found: C, was identical with 8 prepared by the hydrogenation of 11.
71.19; H, 8 .97. Continued elution with the same solvent afforded, after crystal-

B. By Reductive Carbomethoxylation.— Clean lithium (2.0 lization from ether, an additional 1.46 g (total yield 4.64 g,
g) was added in small pieces to liquid ammonia (400 ml). After 64% ) of 7. Recrystallization from ether-hexane afforded 7 as
all of thelithiumhad dissolved {ca. 1 hr), asolution of testosterone shiny plates: mp 166-168°; [q: ]d  —24.1°; Xmax 5.75, 5.88,
acetate in dry tetrahydrofuran (100 ml) was added to it during 9.23, 11.0 h', nmr 5 0.80 (3 H, s, 13-CH3), 1.06 (3 H, s, IO-CH3),
5 min. The mixture was stirred for 45 min and then a few crys- 1.37 (3 H, s, 4-CH3), 2.02 (3 H, s, 17-OCOCHs), 3.71 (3 H, s,
tals of ferric chloride were added. After the blue color had dis- 4 -CO2CH3) ppm.
charged (15 min), the ammonia was evaporated off on a hot water Anal. Calcd for C24H360 5 : C, 71.25; H, 8.97. Found: C,
bath. The last traces of ammonia were displaced by a stream 71.17; H, 8.99.
of argon. The white residue was suspended in dry ether (500 ml) 4/3-Methyl-4a-carbomethoxy-5a-androstan-17/3-ol (9).—A
and Dry Ice (200 g) was added carefully to the suspension. Stir- heterogeneous mixture consisting of 7 (4 g), toluene (40 ml), 15%
ring was continued until the reaction mixture attained room hydrochloric acid (10 0  ml), and amalgamated zinc27 (prepared
temperature. I t  was then cooled, and cold water (200 ml) was from 90 g of zinc) was heated under reflux for 4 days (tic indicated
added with efficient stirring immediately followed by cold 10% that the reaction was complete). During this period, concen-
sulfuric acid until the aqueous layer was acidic. Stirring was trated hydrochloric acid (14 ml) was added to the mixture in 2-ml
continued for a short period until the material liberated in the portions. The reaction mixture was cooled and extracted several
aqueous layer was extracted into the ether layer. The stirring times with ether, and the combined extracts were washed with
was stopped and excess ethereal diazomethane was added to the water, dried, and evaporated. The residue (two spots by tic due
two-phase reaction. After 15 min excess diazomethane was de- to partial hydrolysis of the 17-acetate) was dissolved in methanol
composed with acetic acid and the ether layer was separated, (50 ml) and treated for 2.5 hr at room temperature with 10%
dried, and evaporated. The residue was acetylated overnight sodium hydroxide (4 ml). The solution was concentrated under
at room temperature with a mixture of pyridine (200  ml) and reduced pressure, acidified with dilute hydrochloric acid, diluted
acetic anhydride (45 ml). The mixture was worked up in the with ice water, and extracted with chloroform. The extract was
usual way and the crude product (tic showed one major spot; dried and evaporated. The residue was taken up in 25 ml of
however, polar materials at origin were present) was chromato- methylene chloride and treated with an excess of an ethereal
graphed over 800 g of Florisil. Elution with 10% ether-hexane solution of diazomethane for 1 hr; the solution was then evapo-
afforded 0.6 g of nonpolar material. With 20% ether-hexane rated to dryness. The product on crystallization frcm methanol
was eluted 2.2 g of a material having the same Rt as 17/3-acetoxy- afforded 3.25 g (93%) of 9 as white plates: mp 173-178°; [ « ¡ d

5a-androstan-3-one (5). Continued elution with the same —6.7°; Xm„x 2.89, 5.82, 7.61, 7.99, 8.46, 8.52, 9.73 h', nmr 8
solvent afforded a material which on crystallization from ethyl 0.72 (3 H, s, 13-CH3), 0.89 (3 H, s, IO-CH3), 1.13 (3 H, s, 4-CH3),
acetate-ether gave 6 .6  g (24%) of 6 , mp 157-160°, identical (ir, 3.64 (3 H, s, 4-C 02CH3) ppm.
tic) with the material prepared as in A. Further elution afforded Anal. Calcd for C22H36O3: C, 75.81; H, 10.41. Found: C,
only polar materials. 75.90; H, 10.41.

4a-Methyl-4|3-carbomethoxy-17/3-acetoxy-5a-androst-l-en-3- 4a-Methyl-4/3-carbotnethoxy-5a-androstan-l7/3-ol (10).—A
one (11).—A solution of 4 (0.7 g) in dry benzene (15 ml), from mixture consisting of 8 (0.15 g), 15% hydrochloric acid (6  ml),
which 5 ml of the solvent had been distilled, was cooled and toluene (1 ml), and amalgamated zinc27 (from 6  g of zinc) was
stirred under argon with sodium hydride (45% in mineral oil, heated under reflux for 3 days. During this period concentrated
0 .1 1  g) at room temperature for 10 min and then heated under hydrochloric acid (3.6 ml) was added in 0 .6 -ml portions. The
reflux for 2 hr. The mixture was cooled and stirred with methyl reaction mixture was worked up as described in the preceding
iodide (0.5 ml) for 2 hr at room temperature and then heated experiment, the hydrolysis step being carried out with 0.2 ml of
under reflux overnight. The reaction mixture, upon cooling, was 1 0 % sodium hydroxide in 4 ml of methanol. Reesterification
washed with dilute hydrochloric acid and water, then dried, and with diazomethane was not necessary. The product was crys-
evaporated. The residue (one spot by tic), on crystallization tallized from methanol to afford 0.085 g (6 6 % ) of 10  as needles:
from ethyl acetate, afforded 0.527 g (71%) of 11 as shiny flakes: mp 180-184°; [<x] d  + 37 .1°; Xmax 2.85, 5.82, 7.51, 8.06, 8.52,
mp 193-195°; [a]n + 30 .9°; Xmax 231 mM (e 9900); Xmax 5.79, 8.60, 8.92, 9.63 h) nmr 8 0.70 (6 H, s, 13- and 10-CH3), 1.16 (3
5.92, 8.05 M; nmr 8 0.81 (3 H, s, 13-CHS), 0.98 (3 H, s, 10-CH3), H, s, 4-CH3), 3.65 (3 H, s, 4-C 02CH3) ppm.
1.44 (3 H, s, 4-CH3), 2.02 (3 H, s, 17-OCOCH3), 3.63 (3 H, s, Hydrolyses of Esters 9 and 10.—A solution of the ester (13
4 -C0 2 CH3), 6.00 and 7.05 (1 II, d, 2-H and 1-H, J  = 10 cps) mg) in ethylene glycol (0.5 ml) containing 10% aqueous potas-
ppm. sium hydroxide (0.1 ml) was heated in an oil bath at 150°. A

Anal. Calcd for C24H340 5: C, 71.61; H, 8.51. Found: C, micro cold finger was used instead of a condenser. Micro
71.21; H, 8.34. aliquots were taken at hourly intervals, acidified with dilute

Examination by tic of the mother liquor from crystallization hydrochloric acid, and extracted with methylene chloride. The
of 11 showed a homogeneous spot with the same Rt as 11. residue obtained from evaporation of the extract, of each aliquot

4a-Methyl-4/3-carbomethoxy-17|3-acetoxy-5a-androstan-3-one was analyzed by tic. The 3-hr aliquots showed that ester 9 had
(8).—A solution of 11 (0.1 g) in methanol (5 ml) was added to a hydrolyzed completely, while 10 was mainly unchanged, 
presaturated suspension of 10% palladized carbon (0.05 g) in The 3-hr aliquot of 9 was treated with ethereal diazomethane 
methanol (5 ml). The hydrogenation was allowed to proceed for 15 min and then examined by tic. Complete regeneration of
under atmospheric conditions, and after the uptake of hydrogen 9 was observed.
had ceased (6  min) the catalyst was removed by filtration. The 4/3-Methyl-4a-carbomethoxy-5a-androstan-17-one (12).—A
residue obtained by evaporating the filtrate was crystallized from solution of 9 (3.1 g) in acetone (300 ml) was cooled to 10° and
ether to afford 0.085 g (84%) of 8 as colorless prisms: mp 200- treated with Jones reagent (2.44 ml). The mixture was then
201°; [<*]d —7.3°; Xroax 5.75-5.82, 9.09, 9.23 h] nmr 8 0.80 stirred at room temperature for 10 min and filtered through
(3 H, s, 13-CH3), 1.0 (3 H, s, 10-CH3), 1.34 (3 H, s, 4-CH3), Celite. The filtrate was concentrated under reduced pressure,
2.02 (3 H, s, 17-OCOCH3), 2.96 (1 H, sextet, 2p-H), J Qem =  diluted with ice water, and extracted with chloroform. The
14.5, J 2p.H.ia-H = 14.5, J 20.H.1/3-H = 6  cps), 3.70 (3 H, s, 4-C 02- extract was dried and evaporated. The residue was chromato-
CH3) ppm. graphed over 60 g of Florisil. The eluates with hexane were

Anal. Calcd for C24H360 6: C, 71.25; H, 8.97. Found: C, discarded. The desired product was eluted with 2%  ether-
71.54; H, 8.99. hexane. Crystallization from hexane afforded 2.63 g (85%) of

4/3-Methyl-4a-carbomethoxy-17+acetoxy-5a:-androstan-3-one 
(7).—A solution of 6  (7.0 g) in dry benzene (150 ml), from which
^  ^  of the solvent had been distilled, was alkylated with methyl (27) A, I. Vogel, "Practical Organic Chemistry,” Longmans, Green and
iodide (5 ml) in the presence of sodium hydride (45% in mineral Co., London, 1956, p 199.

1952 J .  Org. Chem., Vol. 85, No. 6, 1970 Alfonso



12 as needles: mp 140-142°; [a]D + 4 2 .9 °; Xmax 5.72, 5.76, ethyl acetate-chloroform. The major band was extracted with
9.26 ¡t. 20% methanolic chloroform. Evaporation of the extract left a

Anal. Calcd for C22H3)0 3: C, 76.26; H, 9.89. Found: C, residue (one spot by tic) which was crystallized from ether to
76.44; H, 9.55. afford 0.18 g (34%) of 17 as colorless plates: mp 158-161°;

4/3-Methyl-4a-carbomethoxy-16a-bromo-5a-androstan-l7-one [«]d —14.1°; 5.80, 5.92 n; nmr 8 1.00 (3 H, s, 10-CH3),
(13).—A solution of 12 (2.6 g) in isopropenyl acetate (300 ml) 1.20 (3 H, s, 4-CH3), 1.45 (3 H, s, 13-CH3), 3.38 (4 H, m,
containing p-toluenesulfonic acid (0.26 g) was distilled slowly -S-(C H 2)2-S - ) , 3.67 (3 H, s, 4-C 02CH3), 5.10 (1  H, s, -CH-
(200  ml of distillate was collected in 10 hr) and then refluxed for ( -S -)-S -)  ppm.
3 days. The dark brown reaction mixture was concentrated Anal. Calcd for C23H3404S2: C, 62.96; H, 7.81. Found: C,
under reduced pressure, cooled, diluted with ethyl acetate, 62.90; H, 7.42.
washed with 5%  sodium bicarbonate solution and with water, Methyl Ketone 18.—A solution of 17 (0.15 g) in methanol (30 
and then dried and evaporated under reduced pressure. ml) was treated with W-2 Raney nickel (2 g) and the resulting
The residue (mainly one spot by tic) was dissolved in carbon suspension was stirred efficiently' while being heated under
tetrachloride (100 ml). The solution was cooled in an ice bath reflux for 2  hr. The catalyst was then removed by filtration and
and to it was added rapidly a cold solution of bromine (1.3 g) in the residue was crystallized from hexane to afford 0.115 g (97%)
carbon tetrachloride (25 ml). The solution was filtered to remove of 18 as colorless prisms: mp 122-123°; Xmax 5.80-5.96 ¿i;
a tan solid that had coagulated out, and the pale yellow filtrate nmr 8 1.00 (3 H, s, 10-CH3), 1.18 (3 H, s, 4-CH3), 1.38 (3 H, s,
was evaporated to dryness. The residue (one spot by tic) on 13-CH3), 2.15 (3 H, s, -COCH3), 3.65 (3 H, s, -C 0 2CH3) ppm.
crystallization from ether afforded 2.56 g (79%) of 13 as long Anal. Calcd for C2iH320 , :  C, 72.38; H, 9.26. Found: C,
needles: mp 220-224° dec; [<*]d + 51 .9 ° ; Xma* 5.70, 5.79, 72.49; H, 9.18.
8.50 n-  Methyl Sandaracopimarate (2).'—A suspension of platinum

Anal. Calcd for C22H330 3Br: C, 62.10; H, 7.81. Found: oxide (0.1 g) in methanol (10 ml) was prereduced and to it was
C, 62.23; H, 7.76. added 18 (0.08 g). The hydrogenation was allowed to proceed

4/3-Methyl-4a-carbomethoxy-5o:-aadrost-14-en-l7-one (14).—A under atmospheric conditions overnight (12 ml of hydrogen up-
mixture of 13 (2.5 g), lithium bromide (2.5 g), and lithium car- take), and the solution was then filtered. The filtrate was
bonate (2.5 g) in dimethylformamide (25 ml) was heated at evaporated to dryness and the residue of the diol mixture 19 (two
180° under argon, with efficient stirring. After 4 hr, the reaction spots by tic) was dissolved in pyridine (1.4 ml) containing benzoyl
mixture was cooled, diluted with water, acidified with dilute chloride (0.12 ml). The mixture was heated (argon blanket) at

-sulfuric acid, and extracted with ethyl acetate. The extract was 140° for 6  hr and then was cooled, diluted with water, and ex-
washed with water, dried, and evaporated. The residue was traded with ethyl acetate. The extract was washed with dilute
dissolved in ether and treated with an excess of ethereal solution hydrochloric acid, then with water, dried, and evaporated. The
of diazomethane for 15 min at room temperature. The solution residue of the dibenzoate mixture 20  was pyrolyzed by distilling
was then evaporated and the residue was chromatographed on 60 at 180° (0.05 mm) through a glass tube (45 cm long, 3-mm i.d.)
g of Florisil. The major product was eluted with 10% ether- filled with glass wool and maintained at 440°. The condensate
hexane and crystallization from hexane afforded 0.65 g (32%) of from this pyrolysis was chromatographed on 2 g of Florisil.
14 as prisms: mp 102-103°; [a]i> + 104.6°; Xmax 5.70, 5.79, Elution with 5%  ether-hexane afforded a chromatographically
8.01 n; nmr 8 0.98 (3 H, s, 10-CH3), 1.10 (3 H, s, 13-CH3), 1.20 homogeneous oil (39 mg). The mobility on tic and the infrared
(3 H, s, 4-CH3), 2.89 (2 H, m, 16-H2), 5.52 (1  H, m, 15-H), 3.67 spectrum (film) of this oil was identical with that of authentic
(3 H, s, 4-C 02CH3) ppm. methyl ( — )-sandaracopimarate (2) .89 The yield of 2 from 18

Ozonization of 14.—A stream of ozonized oxygen was bubbled was 55%. 
through a gas dispersion tube into a solution of 14 (0.6 g) in (—)-Sandaracopimaric Acid (1).—A mixture of synthetic
ethyl acetate (10 ml) at —70° until the solution acquired a light methyl sandaracopimarate (2, 25 mg), obtained in the previous
blue color. The solution was allowed to stand for 10 min, after experiment, and anhydrous lithium iodide (0.1 g) in s-collidine
which excess ozone was displaced with a stream of argon and the (2.5 ml) was heated under reflux (argon blanket) for 8 hr. The
solution as evaporated to dryness under reduced pressure. The reaction was then cooled, diluted with water, and extracted with
residue on crystallization from ethyl acetate-ether afforded the ethyl acetate. The extract was washed with dilute hydrochloric
ozonide 15 (0.65 g, 75%) as colorless plates: mp 179-185° dec; acid and water and then was dried and evaporated. The tan
Xmax 5.79, 8.01, 9.01, 10.42 *»; nmr 8 0.91 (3 H, s, 10-CH3), residue was applied on a column of 1 g of Florisil which was then
l .  18 (6  H, s, 13-CH3 and 4-CH3), 3.66 (3 H, s, 4-C 02CH3) ppm; eluted with ether. The residue obtained by evaporating the
ABX splitting for Ci5-C i6 protons: 8 H a 2.58, H b  2.86 (2 H, ether eluate was crystallized three times from methanol-water
octet, J a b  = 17.5, J a x  = 1.5, J b x  = 3.0 cps), Hx 5.96 (1 H, to afford colorless needles of (— )-sandaracopimaric acid (1 , 12
m, J a x + b x  = 5  cps) ppm. mg, 50% ): mp 165-168° (undepressed on admixture with au-

Anal. Calcd for C22H320 6: C, 67.32; H, 8.22. Found: C, thentic29 1), M 26d -1 9 .8 °  (c 0.2, ethanol) (lit.'» M 26d -2 0 ° ) .
67.18; H, 8.50. The mobility on thin layer chromatography and infrared spectrum

Thioketal 17.—A solution of the ozonide 15 (0.48 g) in ethyl of synthetic 1, obtained as above, was identical with that of
acetate (25 ml) was hydrogenated in the presence of 10% pal- natural26 1. 
ladized carbon (0.3 g) which had been presaturated with hydro
gen. The theoretical uptake of hydrogen (31 ml) was complete Registry No.— 1, 2 3 5 2 7 - 1 0 - 8 ;  2 ,  1 6 8 6 - 5 4 - 0 ;  4,
in 3 min. Removal of the catalyst by filtration and evaporation 2 4 1 6 5 - 3 9 - 7 ;  6 , 2 3 5 2 7 - 1 1 - 9 ;  7 , 2 3 5 2 7 - 1 2 - 0 ;  8 , 2 3 5 2 7 -
of the filtrate afforded 4/3-methyl-4u-carbomethoxy-14,15-seco-15- j g . j  . 9 , 2 3 5 2 7 - 1 4 - 2 '  1 0 , 2 3 5 2 7 - 1 5 - 3 ;  1 1 ,2 4 1 6 5 - 4 4 - 4 ;
hydroxy-5a-androst-15-en- 17-one (16) as a resinous solid, Xmax ’ r .  1A oqkov iq  a . k
259 mM (e 2760) -*■ x”“ 0H 296 mM 0  12,600). Without 12> 2 3 5 2 7 - 1 6 - 4 ;  13, 2 3 5 2 7 - 1 / - 5 ,  14, 23527 -18 -b , 15,
further purification, 16 was dissolved in  m ethanol (20 m l) con- 2 4 1 6 5 - 4 6 - 6 ;  16, 2 4 1 6 5 - 4 7 - 7 ;  17, 2 4 1 6 5 - 4 8 - 8 ;  18,
taining ethylene p-toluenethiolsulfonate28 (0.64 g) and potassium  2 3 5 2 7 - 2 1 - 1 .  
acetate  (0.8 g ). T h e  m ixture, under an argon b lan ket, was
heated on the steam bath for 0.5 hr. The resulting pale yellow Acknowledgment.'— The author is indebted to Mr.
solution was then concentrated under reduced pressure, diluted M  yudis, Mrs. H . Marigliano, and Dr. A. K . Ganguly 
with water, and extracted with ethyl acetate. The residue ob- , . • j  +
tained by evaporation of the organic extract was applied on a for helpful discussions on nmr data.
20  X  20  X  0 .!  cm silica gel plate which was then developed in 2 % (2g) obtaJned by treating authentic (_ )_sandaracopimario add* with

(28) Kindly supplied by Dr. I .  Paehter of Endo Laboratories. diazomethane.
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M echanistic Aspects of Oxazolone Reactions with a Nucleophiles

M urray Goodman and Charles B. Glaser1 

Department o f Chemistry, Polytechnic Institute of Brooklyn, Brooklyn, New York 11201

Received Ju ly  SO, 1969

The amino acid derived oxazolone, 2-phenyl-L-4-benzyloxazolone, was used in the continuation of our 
studies on the reactions of a  nucleophiles (species containing two adjacent nucleophilic centers). Our experi
ments indicate that those a  nucleophiles which show an enhanced nucleophilicity in relationship to their basicity 
are capable of a biphilic (electrophilic-nucleophilic) interaction with the carbonyl group of an oxazolone. Race- 
mization may compete with ring opening for substituted hydrazines where biphilic pathways may be involved.
Where this bifunctional attack is impossible, as, for example, in 1 ,1 -dimethylhydrazine, no enhancement was found 
and a totally racemized product was isolated. We found that temperature, solvent, and concentration of reactants 
are important factors in ring opening vs. racemization reactions. For hydroxylamine-derived a  nucleophiles, such 
as N-hydroxypiperidine and N-hydroxysuccinimide, which form active esters, racemization does not compete 
favorably with ring opening and products with high optical purity are obtained. These reactions can be under
stood as involving biphilic pathways. The N-hydroxypiperidine reaction may proceed through a zwitterionic 
attack, while the N-hydroxysuccinimide can be viewed as proceeding by a concerted pathway involving the 
carbonyl group of the N-hydroxy compound.

Goodman and McGahren2a reported that hydrazine derivative into benzoyl phenylalanine hydrazide, a
hydrate reacts without racemization with the peptide compound which was prepared in optically pure form
oxazolone, 2-(l'-benzyloxycarbonylamino-l/'-methyl)- by acid hydrolysis of the ¿-butyloxycarbonyl group.
ethyl-L-4-benzyloxazolone to give the ring-opened Phenylhydrazines, o-methoxyphenylhydrazine, N,N- 
product, benzyloxycarbonylaminoisobutyryl-L-phenyl- dimethylhydrazine, and p-nitrophenylhydrazine react 
alanine hydrazide. This is in contrast to the result cleanly with oxazolones to give the expected hydrazide
found with amino acid esters and other nucleophiles derivatives, although, for the latter two compounds,
in reaction with oxazolones,2 where substantial reaction is slow and the yield of product isolated was
racemization is generally found. Hydrazine belongs low.
to a special class of compounds known as a  nucleo- B. Synthesis of Optically Pure Hydrazides. We 
philes, i . e . ,  compounds which possess two adjacent nu- obtained benzoyl-L-phenylalanine hydrazide as a chro-
cleophilic centers. Its extremely high nucleophilicity matographically pure material by treatment of the
to basicity ratio prompted us to explore the nature of corresponding methyl ester with hydrazine. By corn-
reactions of other a  nucleophiles with the oxazolone parison with this material, we determined the extent
moiety. We believe that insight in this area would of racemization in the reaction of 2-phenyl-L-4-benzyl-
lead to new and improved methods for the synthesis oxazolone with hydrazine, hydrazine acetate, and t-
of peptides without racemization. butyl carbazate (indirectly). In addition, this hydra-

Synthesis of Various Hydrazides. A. From 2- zide was employed in the azide synthesis of the phenyl-
Phenyl-L-4-benzyloxazolone.—’The reaction of various hydrazide, N,N-dimethylhydrazide, and o-methoxy-
hydrazine derivatives with 2-phenyl-L-4-benzyloxazo- phenylhydrazide derivatives.
lone was studied in a variety of solvents and at several For p-nitrophenylhydrazine, the azide reaction failed 
temperatures. The effect of a large excess of nucleo- to give the desired material in either the sodium ni- 
philic reagent was also examined. The crude isolated trite or the modified butyl nitrite approach. The
material was compared by thin layer chromatography, desired compound, benzoyl-L-phenylalanine p-nitro-
infrared spectroscopy, and, in some cases, nuclear phenylhydrazide, was made by an indirect procedure,
magnetic resonance spectroscopy to the product pre- Benzyloxycarbonyl-L-phenylalanine was coupled with
pared v i a  a nonracemizing route. The specific rota- p-nitrophenylhydrazine using dieyclohexylcarbodiim-
tion of the crude material prepared from the oxazolone ide. Hydrogen bromide in glacial acetic acid re-
was measured and the value was compared with the moved the benzyloxycarbonyl group and the resulting
specific rotation of the same compound synthesized hydrobromide salt was benzoylated in pyridine-di-
v i a  the nonracemizing route to determine the extent methylformamide with benzoyl chloride, 
of racemization in each case. The indirect procedure was also used to confirm

In order to avoid dihydrazide formation,2“ we added a the azide synthesis for the o-methoxyphenylhydrazine 
large excess of hydrazine in anhydrous methanol in one and N,N-dimethylhydrazine reactions, 
portion to the oxazolone solution in anhydrous metha- Synthesis of Hydroxylamine Derivatives. A. From 
nol (or tetrahydrofuran). An extremely rapid reac- 2-Phenyl-L-4-benzyloxazolone.—The parent compound,
tion was observed, even at 0°. A tic taken 1 min hydroxylamine, reacts with oxazolone under our re-
after the combination of reactants showed the absence action conditions to give two initial products. On
of any oxazolone. continued reaction with an excess of hydroxylamine,

¿-Butyloxycarbonyl hydrazide (¿-butyl carbazate) was one material disappears and the second increases in
allowed to react with the oxazolone in ether at 25°. intensity. Apparently both 0  and N acylation occur.
Tic indicated a slow reaction. To determine the extent O-acyl derivatives are active esters and on further reac-
of racemization we converted the isolated carbazate tion with hydroxylamine are converted into the stable

hydroxamic acids.3 Spontaneous rearrangement of
(1) Submitted in partial fulfillment of the requirements for the Ph.D. O-UCyl to N-acyl derivatives has also been reported. 

Degree in Chemistry at the Polytechnic Institute of Brooklyn.
(2) (a) M. Goodman and W. J .  McGahren, Tetrahedron, 23, 2031 (1967); (3) W. P. Jencks, ibid., 80, 4581, 4585 (1958).

(b) M. Goodman and L. Levine, J .  Amer. Chem. Soc., 86, 2918 (1964). (4) S. Bittner, Y . Knobler, and M. Frankel, Tetrahedron Lett., 95 (1965).
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N,N-Diethylhydroxylamine, N-hydroxypiperidine, monolysis of the oxazolone from acetyl-L-leucine gives 
and N-hydroxysuccinimide react rapidly to give prod- completely racemic product.
uct, while N,0-dimethylhydroxylamine reacts con- Hydroxylamine and its derivatives are also a  nucleo- 
siderably more slowly under similar reaction conditions. philes and have been found to have enhanced nucleo

li. Attempted Synthesis of Optically Pure Hydroxyl- philicity.9-11 Diethylhydroxylamine,4 N-hydroxypi-
amine Derivatives.—The azide reaction with hydroxyl- peridine,15-17 N-hydroxyphthalimide,18’19 N-hydroxy-
amine gave a low yield of the stable hydroxamic acid. succinimide,20-23 and benzohydroxamic acid24 have all
N,N-Diethylhydroxylamine failed to give the desired been used in recent years as racemization-resistant
product by this method. For this reason, and also activating agents in peptide coupling reactions,
because little is known about oxygen attack on the Bruice and coworkers11 outlined various proposed 
carbonyl function of the azide, this route was not pur- explanations for the a  effect. They can be summarized
sued for N-hydroxypiperidine or N-hvdroxysuccinimide. briefly as fellows: (A) stabilization of the transition
The indirect procedure was also unsuccessful for the state owing to overlap of the orbitals of the lone-pair
preparation of the optically pure N,N-diethylhydroxyl- electrons in the a position; (B) diminished solvation,
amine ester of benzoyl-L-phenylalanine. This method e.g., of HOO-  compared with OH- ; (C) ground-state
involves benzoylation of a free amino acid activated destabilization resulting from nonbonding electron-
ester in the final step. This species can form oligo- pair repulsions; (D) intramolecular general base cataly-
mers, small cyclic peptides, or the diketopiperazine. sis; (E) simultaneous push-pull mechanisms resulting
In addition, the active ester might racemize under these from the “biphilic” nature of the reagent,
conditions, which would defeat the purpose of preparing Most of the available evidence supports biphilic 
the optically pure derivative. These considerations pathways for the a  effect: (A) a  nucleophiles which
also apply to the active esters of N-hydroxypiperidine cannot participate in push-pull transition states are
and N-hydroxysuccinimide. Therefore, we employed found to have normal reactivity;9-11 (B) the a  effect
another approach to determine the extent of racemiza- is inoperative in amine general base catalyzed ioniza
tion for these active esters. They were converted tion of nitroethane;25 (C) the a  effect is inoperative
with hydrazine (under conditions which do not involve for displacements on sp3 carbon (CH3I) ;28 (D) phen-
racemization) into benzoylphenylalanine hydrazide, ylhydroxylamine has a higher rate, lower E &. and a 
which was examined to ascertain its optical purity. high negative AS *  in relation to other nucleophiles in

Finally, we employed the indirect procedure for the its attack on acetyl peroxide.27 The high negative
preparation of the N,0-dimethylhydroxylamine deriv- A,S *  is indicative of a cyclic transition state, 
ative. This bifunctional pathway can be illustrated for the

reaction of hydrazine with an activated carbonyl com- 
Results and Discussion pound (ester, acid halide, acylisourea, anhydride, etc.)

It has been possible to correlate reactivities of various aS ^°^ows' 
nucleophiles by suitable examination of such parameters h
as polarizability and basicity.5-8 One class of com- q/  \ j _̂_H
pounds does not appear to follow these correlations V --1/
in its reaction with certain electrophilic centers, in / \  / \
particular with activated carbonyl compounds. These H H
nucleophiles are more reactive than would be predicted
on the basis of polarizability and basic strength.9-11 In the transition state, hydrazine acts in a dual capac- 
Their common structural feature is the presence of an py by both supplying electron density for nucleo-
unshared pair of electrons on the atom adjacent to philic attack at the carbonyl carbon and withdrawing
the nucleophilic atom. Edwards and Pearson12 noted electron density from the electrophilic site by hydrogen
that these nucleophiles exhibit an enhanced reactivity, bonding to the carbonyl oxygen.
which they termed the a  effect. Our studies on 2-phenyl-L-4-benzyloxazolone support

Hydrazine represents an example of this special tbese conclusions (Tables I and II). Oxazolones can
group of vicinally bifunctional nucleophiles. As men- be viewed in their reactions as members of the general
tioned previously, Goodman and McGahren demon-
sta ted  that an excess of hydrazine hydrate reacts with « ¿ ' Ä t a i . r  “ “ T’ Y“ *1' “
the peptide oxazolone from benzyloxycarbonylamino- (16) F . Weygand and W. König, Z. Naturforsch., 20b, 710 (1965).
isobutyryl-L-phenylalanine, yielding optically pure (17> J- H- J ™ es’ B - Liberek’ and G. T . Young, Proc. 8th Bur. Peptide

hydrazide.2a Siemion and Morawiec13 reported similar *(18) G H- L< Nefkens and G L T esser, j . Amer. Chem. S o c sa, ms
results with the oxazolone from acetyl-L-leucine. In (mi).
contrast, Siemion and Dzugaj14 reported that the am- (19) hr Tesser’ and R' J’ F- Nlvard’ Rec- Trav-7 0 1 Chim. Pays-Bas, 81, 683 (1962).

(20) G. W. Anderson, J .  E . Zimmerman, and F . M. Callahan, J .  Amer.
(5) J .  0 .  Edwards, J .  Amer. Chem. Soc., 78, 1819 (1956). Chem. Soc., 88, 3039 (1963); 86, 1839 (1964).
(6) R . G. Pearson, Chem. Brit., 8 (3), 103 (1967). (21) E . Wünsch and F . Drees, Chem. Ber., 99, 110 (1966).
(7) R . F . Hudson, Chimica, 16, 173 (1962). (22) F . Weygand, D. Hoffman, and E . Wünsch, Z. Naturforsch., 21b, 426
(8) K . M . Ibne-Rasa, J .  Chem. Educ., 44 (2), 89 (1967). (1966).
(9) W. P . Jencks and J .  Carriuolo, J .  Amer. Chem. Soc., 82, 1778 (1960). (23) J .  E . Zimmerman and G. W. Anderson, J .  Amer. Chem. Soc.. 89,
(10) M . L. Bender, Chem. Rev., 60, 53 (1960). 7151 (1967).
(11) T . C. Bruice, A. Donzel, R . W. Hoffman, and A. R. Butler, J .  (24) E . Taschner, B . Rzeszotarska, and L. Lubiewska, Chem. I n i .  (Lon-

Amer. Chem. Soc., 89, 2106 (1967). don), 402 (1967).
(12) J .  O. Edwards and R . G. Pearson, ibid., 84, 16 (1962). (25) M. J .  Gregory and T . C. Bruice, J .  Amer. Chem. Soc., 89, 2327
(13) I. Z. Siemion and J .  Morawiec, Bull. Acad. Pol. Sei., Ser. Sei. Chim., (1967).

12 , 295 (1964). (26) M . J .  Gregory and T. C. Bruice, ibid., 89, 4400 (1967).
(14) I. Z. Siemion and A. Dzugaj, Rocz. Chem., 40, 1699 (1966). (27) K . M . Ibne-Rasa and J .  O. Edwards, M i.,  84, 763 (1962).
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T able I
Reactions of 2-Phenyl-l-4-benzyloxazolone with Hydrazine and Its Derivatives

Temp, Racemization, Nucleophile/
Nucleophile Solvent °C % oxazolone
NH2NH2 THF-MeOH (1:1) 0 0 Large excess

THF-MeOH (1:1) 25 14 Large excess
THF-MeOH (1:1) 44 32 Large excess

NH2NH2*HOAc THF 0 33 2 ,6 :1
THF 25 35 2 .6 :1

/ = \ _ NHNH Et.O 0 35 1.1:1
\ _/  NHNHz E U ) 0 75 5:1

EtiO 25 70 1.1:1
THF 0 100 5:1
CHCla 0 33 1.1:1
CHCla 25 59 1.1:1

N°2̂ Q —N„NHi T HF 25 100 1.1:1

NHNH2 EtaO 25 40 1.1:1

O

i-Buol)NHNH2 E t,0  25 75 1.2:1

(CH8)2NNH2 E t20  25 100 1.1:1
CHCla 0 100 1.1:1
CHCla 25 100 1.1:1
CHCla 25 100 8:1

T able II hydrogen atom  on the substituted nitrogen. This
Reactions of 2 -Phenyl-l-4 -benzyloxazolone with also serves to explain the high degree of racemization

Hydroxylamine and I ts Derivatives found with ¿-butyl carbazate. A separate experiment
Racemi- Nucieo- was carried out with this nucleophile in which a first

Temp, zation, phiie/ crop of product was isolated after 2 hr and a second
_ „ N“°1reophlle ifr*™  ok %n ox“ °lone cr0p at  the completion of reaction. T h e first crop 
NH2OH e . . exhibited a considerably higher optical purity. This is

/  \- -̂oH Et-,0 0 <5 1.1:1 consistent with two separate mechanisms for racemiza-
'—/ 25 < 10  1 , 1 : 1  tion and ring opening. The reagent, in this case ¿-butyl

THF 25 <10 1.1:1 carbazate, may react with the oxazolone to form the
THF 0 0 1.1:1 ring-opened hydrazide. I t  may also act as a base,

(_ N —OH THF 25 0 1.1:1 racemizing the oxazolone by removing the acidic pro-
THF 0 0 4 :1  ton from the asymmetric carbon atom. This race-

CH3NHOCH3 Et20  25 55 1.1:1 mized m aterial may subsequently be ring opened to
,(• j j  f , j j ).:*\'()l f e l O 0 42 1 1*1  form product. F or this reason, the product formed

E t20  25 56 1 . 1 : 1  early in the reaction will have the highest specific
THF 0 42 1.1:1 rotation.

F or phenylhydrazine, we can see th a t in ether at 0°
, . ,. , , , , , rpi a fivefold excess of the nucleophile causes substantially

class of activated carbonyl compounds. Those a  more racemization than a 10% excess causes. This is
nucleophiles which can participate in biphilic attack ^  becauge of the increased olarity of the solu-
were found to react more rapidly and to give products ^
with a considerably higher degree of optical purity than ^N -D im ethylhydrazine is a slightly weaker base 
a nucleophiles which cannot participate in biphilic at- ^  hydrazine in aqueous media.28 Nevertheless, on
ac. c , , , . , , , reaction with oxazolone under a variety of conditions,

A large excess of hydrazine reacts instantaneously , , . . .  . „ , . , ,.... b , , „o , , . . .  , , complete racemization is found in a refatively slowwith oxazolone, even at 0  , and at this temperature no f. AT , .  . . . .  , . , _ , ,. , , . .. , 1 . . , reaction. No biphilic mechanism leading to productracemization is found. As the temperature is raised, , . . .  . °  „. , , , , ,  rri,- can be viewed for this nucleophile. Attack by theracemization begins to compete more favorably, this . . ,. , , ,, e , ,, a ,. „ ,, , . , ,  , , . ■ primary amine function does not allow for hydrogenmay be a reflection of the highly ordered cyclic transi- f  ,. rr , , , ,, ,r u-c J  , ,, , , , bonding. Hydrogen bonding is possible for attacktion state necessary for bifunctional attack leading to ,, , ., , A, . . , , ., , by the dimethyl mtrogen atom. This cannot lead to
nng opene pro uc . product, however, because the dimethyl nitrogen atom

In the series hydrazine, phenylhydrazine, and p- ! ’ , ’ , , , r , ,, D ..., „ , . , , . . , , . ,f  has no proton to expel and cannot eliminate the positivenitrophenylhydrazme, the increase in eiectron-with- . r  \ . . . . . .  ,, , r  ■j  ■ a  . , •, , , , charge acquired during nucleophilic attack, btencdrawing effect on the substituted nitrogen atom leads , • , . , , . . ,., , . ■ . , , hindrance may also play a role in this reaction,to a decrease in the rmg-opemng rate and more race- TT . , . ,. . ,  , ,. ,. . ,, , , , , ., Hydroxylamine and its derivatives are considerablymization. Apparently, the weakened nucleophuicity . ,, . . , , less basic than the corresponding hydrazine compounds:of the primary nitrogen atom is more important than r  J
the increased ability for electrophilic attack  by the (28) r . l . Hmman, j . Org. chem.. as, 1587 (1958).
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nevertheless, reactions of bifunctional reagents hydrox- The results of Siemion29 are consistent with our bi- 
ylamine, N-hydroxypiperidine, N-hydroxysuccinimide, philic interpretation of a-nueleophilic effects involving 
and N,N-diethylhydroxylamine with oxazolone are very hydrogen bonding to the carbonyl oxygen of the oxa- 
fast and the optical purity of the compounds obtained zolone ring. However, he proposed an alternate bi
in the first three cases is high (90-100% ). philic mechanism based on the influence of the weakly

Reaction of the parent compound, hydroxylamine, basic nitrogen atom in the oxazolone ring. Siemion 
involves competition between oxygen and nitrogen suggests that as the oxazolone ring opens, the basicity 
attack on the carbonyl function. Either reaction of the ring nitrogen is strongly enhanced, leading to
may involve bifunctional attack by the neutral hy- raeemization by abstraction of hydrogen from the
droxylamine molecule (transition state la,b). In adjacent carbon atom. According to this explanation, 
addition, oxygen anion attack by the zwitterionic form attack by hydrazine involves hydrogen bonding to the
of the molecule may also be involved in a push-pull nitrogen atom of the ring and accounts for the lack of
mechanism (transition state lc). This latter possi- raeemization.
bility can account for the initial formation of con- We believe that the mechanism proposed by Siemion 
siderable O-acyl derivative. is incorrect because oxazolone raeemization is extremely

facile during peptide coupling. The strong bases pres- 
H h ,H ent, abstract the proton from the asymmetric carbon.

q'"' \ n H Q/  \  q/  The weakly basic nitrogen of the oxazolone ring cannot
A \ /  % | compete. Ring opening and raeemization can thus

/ \  U\ „  /\  \  F \ \  0  be seen as two distinct and coexisting processes.
H H ' ' (A) The wide variance in /cro//crac found for dif-

la lb lc ferent amino acid esters in reaction with the peptide
oxazolone 2-(l'-benzyloxycarbonylamino - 1 '  - methyl)- 

In the reaction of N-hydroxypiperidine, no biphilic ethyl-L-4-benzyloxazolone2* implies two separate pro-
mechanism is possible for the neutral species. How- f ssesJ or opening and raeemization. It follows
ever, in the zwitterionic form, reaction may proceed f™m Siemion s proposal that each of these reactions
via attack by the oxygen anion and simultaneous hy- s avesimi r°//<'ra,cra 1° s"
drogen bonding (transition state 2a). The greater (B) For highly hindered nucleophiles such as methyl
degree of raeemization found for N,N-diethylhydroxyl- ammoiso u ) ra, e ’ 1'rac ^ / “’j 31!  m ^enf.ra. rac —
amine (42-56% ) compared with N-hydroxypiperidine ,Sl™  s ProPosal leads to a Predlctlon that
(5-10% ) can be explained by steric considerations raCu a case.s‘ .
which would retard the ring-opening reaction. Race- .. <C ? * t ia r y  ammes, « and even the much less basic 
mization by proton abstraction should be much less dicyclohexylcarbodnmide lead to rapid raeemization
sterically dependent. The alkyl substituents on the N of th® ° / af / lone> even ^ough ring opening is im-
atom of N-hydroxypiperidine are restrained by the ring. L *  ese pomPoun s‘
These restrictions on rotation do not apply to N,N- . ®  The experiment on partial isolation of product 
diethylhydroxylamine. Consequently, the approach with i-butyl carbazate described m the previous section,
of N, N-diethylhydroxylamine to the oxazolone sys- ^  consistent only with separate processes for racemiza-
tem should be more sterically hindered and causes ion an rmg opening.
more raeemization. For N-hydroxysuccinimide, a It appears dhat biphihc attack mvolvmg hydroxyl- 
simple zwitterion (analogous to 2a) is not likely be- a™ne-derived activating groups makes possible the
cause of the electronegative effect of the two carbonyl Preparation of the active ester in a higher degree of
r ,. ,.  , f  , tt optical purity than would otherwise be found. l o rfunctions adiacent to the nitrogen atom. How- 1 , 1 J  x- at

. j  , , *n 1 x t  example, we can illustrate the preparation of an N-ever, in the delocalized zwitterionic structure illustrated 1 ’ ^ *
(transition state 2 b ) ,  the dispersal of positive charge
through three atoms makes possible an enhanced rate | j
of reaction via a nucleophilic-electrophilic mechanism.
This zwitterionic structure need only be present in ,—v |
extremely low concentration in equilibrium with the 9 ?  9 \__/N0H 9 ?■ 9 i?
more stable unchanged form. It should be noted that ccH-CNHCHCOH — ^ ----► C6H5CNHCHCDCNH— (  \
hydroxamic acids normally react in aqueous solution *1 \__ /
as anions. Perhaps the anionic form is the reacting a b (L.aCyiiSOurea)
species of N-hydroxysuccinimide in organic media. .x
N,0-Dimethylhydroxylamine can neither participate m b -.
in a biphilic attack in the transition state nor form a s '  k< ’
zwitterionic intermediate. Consequently, it ring opens 0  R O *  N—CHR
oxazolone considerably more slowly and the product xt „  L ttJ J L a/  \ r u r '  V j- n m i
derived is substantially racemized. C6H5CNHCHCON̂ _y  —  W  C + DCCU

0 0
„  n d (active piperidyl c (L-oxazolone)

tt LT-eA ester, L form)oo  vi? . .  *4
0 /  \ ^ 0  d' (dl form) ■*—— c' (DL-oxazoIone)

2 a  2 b  (29) I. Z. Siemion, Rocz. Chem., 42, 237 (1968).
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hydroxypiperidine active ester from a benzoyl amino I t  is recognized th at our studies represent the most 
acid using dicyclohexylcarbodiimide. (An analogous unfavorable situation possible in peptide coupling,
argument could be used employing the mixed anhy- i.e ., where all the acyl peptide is present as oxazolone.
dride route.) . For this reason, the very low degree of rac-emization

Analysis of the reaction after form ation of the in itia l found for hydroxylamine compounds in cases where 
species (b) leads us to the following predictions. biphilic attack  is possible is quite significant.

(A) The k i / k 2 value will be substantially higher for
N-hydroxypiperidine, where a biphilic mechanism is Experim ental Section
operative, than for p-nitrophenol, where it is not. L it
tle oxazolone (c) formation is expected in the first case, All melting points are uncorrected. They were obtained on a 
whereas s„bsta„«ial »»z o lo n e  may be formed ta  the
second. _ Max Planck Institut, Miilheim, West Germany. Solvents used

(B) Even if L-oxazolone (c) were to form exten- jn reactions involving oxazolone were anhydrous. Gelman type
sively, biphilic attack  of N-hydroxypiperidine would SG silica chromatograms were used for tic with iodine as the
lead to optically active d. Thus h / k 3 will be much developing agent. Chloroform and chloroform-hexane mixtures
higher than for r-nitrophenol, where no biphilic route . . .  prepared in
is possible. 59% yield by the procedure of Greenstein and Winitz,37 mp 142-

I t  cannot be stated at this time which of these fac- 143°, [<*]25d +38.50° (c 1.5, dioxane) [lit.Sb mp 142-143°,
tors is most im portant, but the net effect is clear. In - [«]25d +38.74° (c 1 .6 , dioxane)].
term ediates which are obtained via biphilic reactions 2-PhenylL-4-benzyloxazolone A Using Dicyclohexylcarbo^ 

. . . .  , . , i  j. , • , ., dumide.—A solution of dicyclohexylcarbodiimide (1.65 g, 8.0
wdl have a high degree of optical puiltv. mmole) in 5 ml of anhydrous ether was added to benzoyl-l -

As part of a comprehensive study on the chemistry phenylalanine (2.15 g, 8.0 mmol) in 30 ml of anhydrous ether
of carbodiimides, 30-32 D eT ar and his associates studied at 0.5°. Precipitation of dicyclohexylurea began almost im-
the reactions of peptide acids with carbodiimides. 30 mediately. After 15 min the solution was filtered and the ether 
They found th a t the rate of reaction between benzoyl- ~
phenylalanine and dicyclohexylcarbodiimide is the tion wag fjperec[ again, and the solvent was removed. The solid
same with or without p-nitrophenol present. Oxa- product was recrystallized from ca. 1 : 1  ether-petroleum ether
zolone is the first identifiable interm ediate, confirming (bp 30-60°). Ca. 30 ml of total volume was sufficient. No
earlier results . 33 Under the reaction conditions, the cloud point was noticed on addition of petroleum ether but 1.50

, » c -i o r g (75%) of crystalline material formed on cooling for 1-2 hr in
rate of reaction to form oxazolone from benzoylphenyl- ^  ref°rigerato; ; mp 86.o-87.5°, [a]«D -67 .0°  (c 2 , dioxane).
alanine is 1000  times faster than the reaction of oxa- a  second recrystallization was sufficient to raise the rotation 
zolone with p-nitrophenol. As we noted earlier, Good- to -71 .0°  and the melting point to 88-89°, but the overall yield
man and Levine2b found th a t the reaction of isolated was reduced to 1 g (50%). After drying over P2Os under reduced
oxazolone from benzoyl-L-phenylalanine and p-nitro- pressure this compound was stored in the refrigerator Node- 

. . .  J   ̂ j  i composition or racemization was found under these conditions
phenol is reversible, and racemization proceeds much after several months [lit », mp 86.6-87.2°, [«]26d -71 .20° (c
more rapidly than ring opening for attack  by p-nitro- o.5, dioxane)]. This is the preferred method of preparation,
phenylate anion. There have been several reports B. Using Acetic Anhydride.—A solution of 1.0 g of benzoyl-l - 
of racemization during the preparation of p-nitro- phenylalanine in 5.5 ml of dioxane and 5.5 ml of acetic anhydride

phenyl esters of acyiated derivatives from both the J X S e r t f a W e  ^  r° tatl°n
dicyclohexylcarbodiimide2' 30.34.35 and tris-p-nitrophen-
yl phosphite methods. 36 T a b l e  III

Time, Rotation, Time, Rotation,
Conclusions min deg min deg

„ , , 2.33 +1.534 57.83 -4 .5 1 0
Our research has centered on the chemistry ol oxa- 3 g7 , 4 24g 60 00 - 4  570

zolones, particularly in their relationship to racemiza- 5 43 _l_0 Q67 64 g3 —4.680
tion and peptide coupling reactions. Stable, optically 8 00 +0.500 66.50 -4 .7 3 0
active oxazolones offer the chemist a unique system for 10.93  +0.041 68.00 -4 .7 4 4
studying the nucleophilicity and basicity of various com- 15.00 —0.600 70.00 —4.760
pounds in organic solvents. Exam ining this system with 22.93 —1.659 75.08 —4.790
a  nucleophiles, we explored the special nature of these 31.00 —2.534 77.50 —4.785
reagents, which allows for a stronger nucleophilic 36.00 —3.018 84.50 —4.717
effect than would otherwise be expected. Participa- 41.17 -3 .4 6 7  94.00 -4 .6 2 0
pation in a concerted mechanism involving nucleo- irw qq Za qoq
philie-electrophilic a ttack  can account for the en- ‘!" " J J,ol<
hanced rate of ring opening. The im plication for the
c ,■ i  : j  f „  After 70 min, the solvent was removed under reduced pressureformation of peptide-active esters derived from a  . , ’ , r, * 1 n „ .1 j. at rocm temperature. Dry toluene (15 ml) was added twice to
nucleophiles was discussed. the remaining crude material and the solution was evaporated

to dryness each time. Recrystallization was effected from ether-
(30) D. F . DeTar, R. Silveretein, and F. F . Rogers, Jr ., J .  Amer. Chem. ^ eXane f  S iv e  a  y ield  ° f 4 0 % ’ m P 8 6 - 8 7 °> [“ 1 “ D - 6 S -° °  (C 2 >

Soc., 88, 1024 (1966). d io x a n e).
(31) D. F . DeTar and R . Silverstein, ibid.. 88, 1013 (1966). B e n zo y l-L -p h e n y la lam n e M e th y l E s te r .— D ia z o m e th a n e  p re-
(32) D. F . DeTar and R. Silverstein, ibid., 88, 1020 (1966). pared from 10.0 g of 80% N-nitroso-N-methylurea (20% acetic
(33) M. M. Botvinik, S. N. Kara-Murza, S. M. Avaeva, and V. Y a. acid) was added to benzoyl-L-phenylalanine (7.50 g, 26.5 mmol)

Nikitin, Dokl. Akad. Nauk. SSSR , 88 (1964). in 35 ml 0f methylene chloride at 0°. The yellow ether-methylene
(34) J .  Kovacs, unpublished results. ----------------------
(35) W. D. Cash, J .  Org. Chem., 27, 3329 (1962). (37) J. P. Greenstein and M. W. Winitz, “ Chemistry of the Amino
(36) M. Goodman and K. C. Stueben, ib id . ,  27, 3409 (1962). Acids,’ John Wiley & Sons, Inc., New York, N. Y ., 1961, p 1267.
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chloride solution was evaporated to dryness after 2 hr in a stream Procedure 2. Benzoylphenylalanine Hydrazide.—Benzoyl 
of nitrogen. Fresh ether (50 ml) was added and the process was phenylalanine i-butyloxycarbonyl hydrazide (500 mg, 1.30 
repeated. The white solid was taken up in ether, extracted with mmol) was added to 7 ml of a dry, saturated solution of 
10% K 2CO3, saturated KC1, 5%  HC1, and saturated KC1 again, hydrochloric acid in tetrahydofuran at 0°. Evolution of carbon 
and then dried. After filtration, evaporation of solvent, and dioxide was noticed. The solution was allowed to warm to 
trituration with hexane, 6.3 g of crude material was obtained room temperature, and after 2 hr the cloudy mixture was 
which gave a first crop of 5.0 g of pure product on recrystalliza- precipitated by adding it to 200 ml of ether. After cooling in 
tion from ether-hexane, mp 82-83°, [a]25» + 24.0° (c 1, dioxane) the refrigerator for 1 hr, 270 mg of crude product (65%) was 
[lit. 2 mp 83.6-84.6°, [<*]“d +24 .2° (c 1 , dioxane)]. A second obtained after filtration and washing with ether. Neutralization 
crop of 550 mg of pure material was also recovered, total yield was accomplished by adding a concentrated solution of NaHCOa 
67% . _ _ to this material. After 1 hr, the product was removed by filtra-

Benzoyl-L-phenylalanine Hydrazide. A. From Benzoyl-L- tion, washed with water, and dried under reduced pressure over 
phenylalanine Methyl Ester.—To benzoyl-L-phenylalanine P20 6. The hydrazide was obtained, mp 180-188°, [a] !5d —12.7° 
methyl ester (5.00 g, 17.6 mmol) in 20 ml of methanol at the (c 1, dimethylformamide).
boiling point, 6 ml of anhydrous hydrazine (97%, large excess) Anal. Calcd for Ci6Hn0 2N3: C, 67.83; H, 6.05; N, 14.83. 
was added and the solution was allowed to stand for 24 hr, being Found: C, 67.78; H, 5.99; N, 15.00.
cooled in the ice box before filtration. Crystallization was D. From 2-Phenyl-L-4-benzyloxazolone and Hydrazine Ace- 
observed on cooling to room temperature; 4.40 g of crude product tate.—A solution of acetic acid (660 mg, 1 .0  mmol) in 10 ml of 
was obtained. Recrystallization from methanol yielded 3.55 g tetrahydrofuran was added to anhydrous hydrazine (320 mg, 
(71%) of material, mp 193-198°, [a]25D —45.8° (c 1.5, dimethyl- 1.0 mmol) in 5 ml of tetrahydrofuran. The immediate formation 
formamide). of an insoluble material was noted. This was filtered off, washed

Anal. Calcd for Ci6H n02N3: C, 67.83; H, 6.05; N, 14.83. with tetrahydrofuran, dried in vacuo over P 206, and used without 
Found: C, 67.85; H, 6.04; N, 15.11. further characterization.

B. From 2-Phenyl-L-4-benzyloxazolone. Procedure 1 .— The hydrazine acetate salt (240 mg, 2.6 mmol), suspended in
Oxazolone (320 mg, 1.27 mmol) in 10  ml of anhydrous methanol 10  ml of tetrahydrofuran, was added to L-oxazolone (251 mg, 1 .0  
was added to 1 ml of anhydrous hydrazine (97%) in 10 ml of mmol) in 5 ml of tetrahydrofuran at room temperature and
anhydrous methanol at 0°. A crystalline precipitate was noted stirring was continued for 4 hr. The solvent was evaporated at
instantaneously. After 15 min the solvent was removed at room temperature with a stream of nitrogen, water was added,
room temperature over sulfuric acid under reduced pressure to and the product was filtered and dried in vacuo over P 2O5 and
remove traces of hydrazine. The solid was washed with ether concentrated H2S 0 4. Product (210 mg, 74%) was obtained,
and filtered to give 300 mg (84%) of crude product, mp 190-197°, identifiable from its thin layer chromatogram and infrared spec
ie*]^  — 45.3° (c 1, dimethylformamide). Recrystallization from trum, [a]®D —39.5° (c 1.5, dimethylformamide).
methanol gave chromatographically pure product, mp 192-196°, The same reaction was repeated at 0 ° for 6  hr. Identical work-
[<*]Z5d —45.6° (c 1, dimethylformamide). up afforded 215 mg (76%) of product, [a]25D —29.6° (c 1.5,

Anal. Calcd for Ci6Hi70 2N3: C, 67.83; H, 6.05; N, 14.83. dimethylformamide).
Found: C, 67.86; H, 5.99; N, 14.95. In both cases, thin layer chromatography showed only one

This experiment was repeated using tetrahydrofuran as a material, while the infrared spectra indicated minor impurities, 
solvent for the oxazolone and with an inverse order of addition Benzoylphenylalanine Phenylhydrazide. A. Azide Route,
to the above. The results obtained were identical with those —To benzoyl-L-phenylalanine hydrazide (566 mg, 2 mmol) in
reported. In addition, hydrazine hydrate (85%) was used in 0.1 N  hydrochloric acid (40 ml, 4 mmol), 10 ml of glacial acetic
both methanol and the mixed methanol-tetrahydrofuran solvent acid was added to bring about solution. The solution was
system. In all cases, at 0°, no racemization was found. cooled to —5°, and a solution of NaN02 (280 mg, 4 mmol) in

Procedure 2 .—Hydrazine hydrate (3 ml, large excess) in 5 15 ml of H20  at 0° was added dropwise over 3 min. The azide
ml of methanol at 25° was added tc oxazolone (251 mg, 1 mmol) formed immediately as an insoluble, white solid. After 10 min,
in 5 ml of tetrahydrofuran. Work-up as described above gave the azide was extracted into 40 ml of a 1:1 mixture of methylene
product in 90% yield, [a]25D —39.2° (c 1, dimethylformamide). chloride-ether, and this solution was extracted with ice-cold 

A similar run with anhydrous hydrazine (97%) in fivefold solutions of saturated KC1, 5% NaHC03 (until basic), and once
excess afforded a product, [a]ffiD —39.5° (c 1, dimethylform- again with KC1 and dried (M gS04) at —15°. The dry organic
amide). solution was filtered and added in one portion to phenylhydrazine

Procedure 3.—Anhydrous hydrazine (250 mg, 7.8 mmol) in 5 (0.3 ml, 0.329 g, 3 mmol) in 10 ml of ether at 0°. The solution
ml of anhydrous methanol was added to 2-phenyl-L-4-benzyl- was stirred overnight and allowed to warm to room temperature
oxazolone (251 mg, 1 mmol) in 5 ml of tetrahydrofuran at 44°. after ca. 8 hr. After 50 ml of petroleum ether had been added,
Work-up gave product in 87% yield, [a]25D —30.7° (c l ,  dimethyl- 400 mg (55.7%) of crude product was isolated on cooling. Re-
formamide). crystallization from methanol gave 287 mg (40%) of product,

C. From Indirect Route Using i-Butyloxycarbonyl Hydrazide. mp 197-208°, [«] 25d —69.9° (c 1.5, dimethylformamide). 
Procedure 1 . Benzoylphenylalanine f-Butyloxycarbonyl Hy- Anal. Calcd for C22H2i0 3N3: C, 73.52; H, 5.89; N, 11.69.
drazide.—f-Butyloxycarbonyl hydrazide (380 mg, 2.9 mmol, Found: C, 73.30; H, 5.94; N, 11.99.
prepared by the method of Carpino38) in 5 ml of ether was B. From Oxazolone.—Experiment B was run as follows,
added to 2-phenyl-L-4-benzyloxazolone (600 mg, 2.4 mmol) in Phenylhydrazine (120 mg, 1.1 mmol) in 5 ml of ether at room 
10 ml of anhydrous ether at room temperature. Thin layer chro- temperature was added to 2-phenyl-L-4-benzyloxazolone (251 mg,
matography indicated a slow reaction. After 5 hr, substantial 1.0 mmol) in 10 ml of ether. Precipitation of product began with-
oxazolone remained. Precipitation of product began after 1 hr. in 5 min. After 2.5 hr at room temperature, the solvent was

In the first run, 260 mg of material was filtered off after 2 hr, removed and petroleum ether was added. Product (350 mg,
and the material gave one spot with tic after washing with cold 92.0%) was obtained on filtration and washing with cold ether-
ether. A second crop of 500 mg with an identical thin layer petroleum ether, [a]25D —2 1 .1 ° (c 1 , dimethylformamide).
chromatogram and infrared spectrum was obtained on completion One spot was obtained with tic, which corresponded to that from
of reaction: fraction 1, 260 mg, mp 165-167°, [a] 26d —63.7° the azide reaction. Recrystallization from ethanol afforded an
(c 2, dimethylformamide); fraction 2, 500 mg, mp 100-105°, analytical sample, mp 199-207°.
[a]25D —22.9° (c 2, dimethylformamide). Obviously, as time Anal. Calcd for C22H210 2N3: C, 73.35; H, 5.88; N, 11.79.
passes, the material formed is more highly racemized. Found: C, 73.52; H, 5.89; N, 11.69.

In the second run, the reaction was allowed to run overnight This reaction was repeated under several conditions (Table IV).
to completion at room temperature. Crude product (800 mg, C. From Succinimide Active Ester.—Benzoyl-L-phenylala-
8 7 .3 % ) was obtained on filtration and washing with cold ether. nine succinimide ester (365 mg, 1 mmol) in 15 ml of tetrahydro-
No additional product could be seen in the tic of the solution. furan was allowed to react with phenylhydrazine (260 mg, 2 .5
The product gave one spot with tic, mp 1 4 8 -1 5 0 ° , [a] 25d —3 1 .8 °  mmol) in 5 ml of tetrahydrofuran for 4 hr at room temperature,
(c 2, dimethylformamide). This material was used in the hy- The solvent was removed several times with a stream of nitrogen,
drolysis step. Water was added to remove N-hydroxysuccinimide, and the
-----------------  product was filtered and dried over P 20 5 and H2S 0 4 in the vacuum

(38) (a) L. A. Carpino, J .  Org. Chem.. 28, 1909 (1963); (b) J .  Amer. desiccator overnight. Crude product (330 mg, 92%) was ob- 
Chem. Sec., 82, 2725 (1960). tained. The infrared spectrum and thin layer chromatogram
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T a b l e  IV saturated solution of hydrogen bromide in glacial acetic acid.
m „ . . „ „  , , The mixture was stirred for 3 hr and then added slowly with

golvent oqP' acemization, “xazoione* stirring to 300 ml of cold, anhydrous ether. Crude product (1.75
mg, 85% ) was filtered off. Reerystallization from methanol- 

EtjO 0 35 1 .1 :1  ether gave a first crop of 1.30 g (63%), [<*]25d  +48.5° (c 1, di-
EtiO 0 75 5 :1  methylformamide).
TH F 0 100 5 :1  This material was used directly in the next step without further
CHC1-, 0 33 1 .1 :1  characterization.
CHC13 25 59 1 1-1 Procedure 3. Benzoylation of L-Phenylalanine p-Nitrophenyl-

hydrazide.—To L-phenylalanine p-nitrophenylhydrazide hydro- 
° Based on azide run. bromide (860 mg, 2.35 mmol) in 15 ml of pyridine and 8 ml of

dimethylformamide at 0°, benzoyl chloride (316 mg, 2.47 mmol) 
in 5 ml of ether was added dropwise over 15 min. After 1 hr at 

showed it to be the desired material, [<*]md  —6 6 .6 ° (c 1.5, di- 0° and 2 hr at room temperature, the solution was aided to 450
methylformamide). ml of 1 A hydrochloric acid in the cold. Crude product (560 mg.

The succinimide active ester used was 3-4%  racemic, [a] 25d  63% ) was obtained after filtration and washing with water and
— 51.5° (c 1.5, TH F). Therefore, the active ester reacted to ether. Recrystallization from ethanol gave a first crop of 300 mg
give phenylhydrazide product with no racemization (compared (34%), mp 234-238°, [cr]25» —56.8° (c2, dimethylformamide).
with the azide method). Anal. Calcd for C 22H 20O 4N 4 : C, 65.32; H, 4.99; N, 13.85.

Benzoylphenylalaine Dimethylhydrazide. A. From Azide. Found: C, 65.16; H, 4.93; N, 13.97.
—The general method used for the preparation of benzoylphenyl- Benzoyl-L-phenylalanine o-Methoxyphenylhydrazide. A.
alanine phenylhydrazide gave 33% crude product on addition From o-Methoxyphenylhydrazine.—o-Methoxyphenylhydrazine
of petroleum ether and eooiing. Reerystallization from ethyl hydrochloride was added to a saturated sodium bicarbonate solu-
acetate gave a first crop of 125 mg (21%) of product, mp 2 0 2-  tion and the solution was extracted many times with ether. The
203°, one spot on tic, [a]®D —16.9° (c 1, dimethylformamide). ether solution was dried over MgSCh and filtered and the solvent

A nal. Calcd for C18H21O2N3: C, 69.43; H, 6.80; N, 13.49. was removed. The hydrazine was distilled at 110° (0.5 mm).
Found: C, 69.37; H, 6.73; N, 13.70 The product solidified rapidly at room temperature and could

B. From Oxazolone.— To 2-phenyl-L-4-benzyloxazolone (1.04 be handled as a solid, mp 43-44°. This material was used in sub-
g, 4 mmol) in 15 ml of anhydrous ether was added N,N-dimethyl- sequent reactions.
hydrazine (264 mg, 4.4 mmol) (freshly distilled under nitrogen) B . From Oxazolone.—o-Methoxyphenylhydrazine (304 mg,
in 10 ml of ether. After 40 min crystals formed in the flask. 2.2 mmol) in 10 ml of ether was added to 2-phenyl-L-4-benzyloxa-
After 6 hr (last hour in the refrigerator), 930 mg (75%) of product zolone (502 mg, 2 .0  mmol) in 10  ml of ether at 25°. Precipitation
was filtered off, [ce]25D 0° (c 1, dimethylformamide). The filtrate of product began within 5 min. After 4 hr, 710 mg (91%) of
had no optical activity. The thin layer chromatogram had one material was filtered off. No additional material was obtained
spot which corresponded to the pure product from the azide re- on evaporation. Thin layer chromatography indicated a single 
action, and the infrared spectra of the two samples were the product, [crJ®D —43.8° (c 1 , tetrahydrofuran). Recrystalliza-
same. One recrystallization from ethyl acetate and two from tion from ethyl acetate-hexane gave an analytical sample, mp
chloroform gave the analytical sample, mp 170-171 °. 186-189°.

Anal. Calcd for CisHnOjN,: C, 69.43; H, 6.80; N, 13.49. Anal. Calcd for C 23H 23O 3N 3: C, 70.93; II , 5.95; N, 10.79.
Found: C, 69.33; H, 6.80; N, 13.42. Found: C, 70.85; H, 5.91; N, 10.78.

Three similar runs were made with freshly distilled C H C 13 C. From Azide.—The general procedure described in part A
(from CaCk): a 1 0 % excess of dimethylhydrazine was used at for benzoyl phenylalanine phenylhydrazide was employed.
25°; a 10% excess of dimethylhydrazine was used at 0°; and Crude product in 36% yield was obtained by filtration of the re-
an 8 :1  ratio of dimethylhydrazine to oxazolone was used at 25°. action mixture after stirring overnight at room temperature.
All three runs gave the same clearly identifiable product, but in Recrystallization from ethyl acetate-hexane gave pure material
each case with complete racemization. in 26% yield, mp 187-188.5°, [cc] 23d  —73.9° (c 1, tetrahydro-

Benzoylphenylalanine p-Nitrophenylhydrazide. A. At- furan).
tempted Preparation from Azide.—The major product isolated Anal. Calcd for C 23H 23O3N 3 : C, 70.85; H, 5.91; N, 10.78.
was a yellow, crystalline material, mp 210-212°. The melting Found: C, 70.97; H, 5.90; N, 10.89.
point, thin layer chromatogram, infrared spectrum, and nuclear D. Indirect Method. Procedure 1. Benzyloxycarbonyl-L- 
magnetic resonance spectrum did not correspond to material phenylalanine o-Methoxyphenylhydrazide.—Crude material was
obtained from the oxazolone, mixed anhydride, or indirect obtained in 6 8 % yield by the dicyclohexylcarbodiiimde method.
approaches. Furthermore, the analysis obtained did not corre- Recrystallization from ethyl acetate-hexane gave a pure product,
spond to the desired product, [a]26D -2 4 .3 °  (c 1.5, dimethyl- mp 162-165°, [apD -2 2 .1 °  (c 2, dimethylformamide). This
formamide). material was used directly in the next reaction.

Anal. Calcd for C22H20O4N4: C, 65.32; H, 4.99; N, 13.85. Procedure 2. L-Phenylalanine o-Methoxyphenylhydrazide Hy-
Found: C, 63.03; H, 5.19; N, 16.55. drobromide.—The crude material was obtained in 91% yield on

One possibility is the rearrangement of azide to isocyanate, treatment of the benzyloxycarbonyl compound with hydrogen
followed by reaction with p-nitrophenylhvdrazine. bromide in acetic acid. Recrystallization from ethanol-ether

Anal. Calcd for C22H21NSO4: C, 62.99; H, 5.05; N, 16.69. gave a first crop in 52% yield, [oP d  —64.7° (c 1 , dimethyl-
B. From Oxazolone. A solution of p-nitrophenylhydrazine formamide). No attempt was made to recover a second crop.

(336 mg, 2 .2  mmol) in 8 ml of dry tetrahydrofuran was added This material was used directly in the next step.
to 2-phenyl-L-4-benzyloxazolone (502 mg, 2.0 mmol) in 2 ml of Procedure 3. Benzoylation of L-Phenylalanine o-Methoxy-
tetrahydrofuran at 25°. After 6 hr in the dark, precipitation of phenylhydrazide.—Treatment with benzoyl chloride in a pyridine
product was noted. After 48 hr, the solution was cooled and dimethylformamide mixture gave product in 22% yield after
filtered, giving 435 mg (54%) of a crude yellow solid, [oP d  0° recrystallization from ethanol, mp 185-187°, [ + 25d  —72.3° (c 1,
(c 1.5, dimethylformamide). The mother liquor had no optical tetrahydrofuran.)
activity. Two recrystallizations from ethanol gave an analytical Anal. Calcd for CwHaOsNi: C, 70.83; 11, 5 .HI: N, 10.78.
sample, mp 226-235°. Found; C, 71.00; H, 5.97; N, 10.84.

Anal. Calcd for C22H20O4N4: C, 65.32; H, 4.99; N, 13.85. Benzoylphenylalanine Hydroxamic Acid.—The procedure of
Found: C, 65.43; H, 5.06; N, 13.90. Hurd89 was used for the preparation of free hydroxylamine. The

C. Indirect Route. Procedure 1 . Benzyloxycarbonyl-L- product was stored under butanol-ether in the refrigerator until
phenylalanine p-Nitrophenylhydrazide.—A crude product in vise. The material was rapidly filtered, weighed, and dissolved in
71% yield was obtained via the dicyclohexylcarbodiimide method. anhydrous methanol. Aliquot portions were taken from the
Recrystallization from ethanol gave a first crop of chromato- methanolic solution for each reaction.
graphically pure material in 53% yield, mp 194-197°, [aJ^D A. From Oxazolone.—A solution of hydroxylamine (330 mg,
— 8.3° (c 2, dimethylformamide). 10.0 mmol) in 10 ml of anhydrous methanol was added to 2-

Procedure 2. L-Phenylalanine p-Nitrophenylhydrazide Hy- ___________
drobromide.—To benzyloxycarbonyl-L-phenylalanine p-nitro- (39) c , D. Hurd, “Inorganic Syntheses,” Vol. 1, McGraw-Hill Book Co.,
phenylhydrazide (2.3 g, 5.6 mmol) was added 15 ml of a dry, inc., New York, N. Y., 1939, p 87.

1960 J .  Org. Chem., Vol. 85, No. 6, 1970 Goodman and Glaser



phenyl-L-4-benzyloxazolone (1.0 g, 4.0 mmol) in 20 ml of anhy- hydrofuran). Recrystallization from ethyl acetate-hexane gave
drous methanol at 0°. After stirring for 12 hr, the solvent was the analytical sample.
removed in a cold nitrogen stream. A solid product weighing Anal. Calcd for C2oH240 3N2: C, 70.56; H, 7.11; N, 8.23.
1.05 g (93%) showing one spot in the thin layer chromatogram Found; C, 70.23; H, 6.74; N, 8.03.
was obtained. To determine the racemization in the ring-opening reaction,

Following the reaction with thin layer chromatography in- the crude active ester (before recrystallization) was converted
dicated that two products had formed initially in a rapid reac- into the hydrazide as follows.
tion. The material with the greater R f value in the elution To active ester (235 mg, 0.95 mmol) in 5 ml of tetrahydrofuran 
medium [i.e., chloroform) disappeared with time, [apD — 39.8° at 0°, 1 ml of anhydrous hydrazine (large excess) in 5 ml of
(c 1, dimethylformamide). methanol at 0° was added. Standard work-up afforded 225 mg

The material was recrystallized from ethyl acetate to give an (79%) of material showing one spot in a thin layer chromatogram,
analytical sample, mp 146-154°. The infrared spectrum confirmed the presence of benzoylphenyl-

Anal. Calcd for Ci6H]603N2: C, 67.59; H, 5.67; N, 9.86. alanine hydrazide, [a ]26D —26.4° (c 1.5, dimethylformamide). 
Found: C, 67.28; H, 5.47; N, 9.50. The above reaction was repeated at 25° for 3 hr. Work-up

B. From Azide.—The azide reaction was carried out on gave 85% active ester, which on reaction with hydrazine gave 
benzoyl-L-phenylalanine hydrazide (1.1 g, 4 mmol) as previously benzoylphenylalanine hydrazide in 93% yield (based on active 
described in part A for benzoylphenylalanine phenylhydrazide. ester used), [ a ] 25D —20.1° (c 1.5, dimethylformamide).
This time, however, the solid azide product was filtered rapidly, Repetition of the reaction at 0° for 2  hr and at 25° for 1 hr
washed with cold saturated potassium chloride solution, and more gave an 8 8 % yield of active ester, which on reaction with
quickly dissolved in 20 ml of cold methylene chloride. After hydrazine gave benzoyl phenylalanine hydrazide in 90% yield
drying over M gS04, the cold solution was filtered quickly and (based on active ester used), [a ]26D —26.7° (c 1.5, dimethyl-
added to a solution of hydroxylamine (330 mg, 10 mmol) in 20 formamide).
ml of methanol at 0°. Work-up as previously described gave a Racemization of N,N-Diethylhydroxylamine. Active Ester.
crude mixture of several components. The product was obtained A.—A solution of 0.0745 M  in the active ester of benzoyl-l-
in 10% yield on fractionation from chloroform-hexane and ether- phenylalanine and 0.0475 M  in triethylamine racemized to the
petroleum ether. Thin layer chromatography and the infrared extent of 13.5% after 40 hr in tetrahydrofuran at 25°.
spectrum corresponded to material prepared from oxazolone, B .—A solution 0.0685 M  in the active ester of benzyloxy-
mp 147-154°, [ a ] 2SD —39.7° (c 0.5, dimethylformamide). carbonyl-L-phenylalanine and 0.0475 M  in triethylamine under

C. Attempted Preparation from Benzoyl-L-phenylalanine the same conditions as above racemized to the extent of 12.4%.
Methyl Ester.—Benzoyl-L-phenylalanine methyl ester (566 mg, The racemization in both cases is probably due to direct
2 mmol) was dissolved in a solution of hydroxylamine (330 mg, proton abstraction rather than oxazolone formation. If the
10 mmol) in 20 ml of methanol at 0°. The solution was allowed latter wer<; the case>the benzoyl derivative should racemize much
to stand for 24 hr at 0° and 24 hr at room temperature. Evapora- more readily.
tion of the product gave a white solid, which was readily identi- N-Methyl-N-(benzoylphenylalanyl)-0-methylhydroxylamine.— 
fied as unreacted ester. N,0-Dimethylhydroxylamine was prepared by the method of

Benzoylphenylalanine N-Hydroxypiperidine Ester. A. From Bissot40 from the hydrochloride salt.
Oxazolone.—N-Hydroxypiperidine (202 mg, 2.2 mmol) in 5 ml From Oxazolone. A solution of 2-phenyl-L-benzyloxazo-
of anhydrous ether was added to 2-phenyl-L-4-benzyloxazolone ône mS’ ^P  mmcR  anc  ̂ N,0-dimethylhydroxylamine (134
(502 mg, 2 mmol) in 10 ml of dry ether at 0°. Precipitation of m&> mm°l) m 15 ml °f ether at room temperature was al-
product began in 3 min. After 2.5 hr at 0°, 620 mg (88.5%) of lowe<4 to reaot for 4  hr' Oxazolone could still be noted in the
product was filtered off- [a]«p -2 5 .7 °  (c 2, dimethylformamide). thm layer chromatogram. Cooling of the solution to 0° and
Tic of the mother liquor did not show additional product. filtration gave 520 mg (83.8%) of product, mp 113-114.5 ,
Recrystallization from ether-hexane gave an analytical sample, [“ ]26n —2.41 (c 2.5, tetrahydrofuran). Recrystallization from 
mp 115-125°. ether gave an analytical sample, mp 114-115 .

Anal. Calcd for C21H240 3N2: C, 71.57; H, 6 .8 6 ; N, 7.95. Anal.. Cialcd for C:1A 0O3]N2: C 69.21; H, 6.45; N, 8.97.
Found: C, 71.56; H, 6.97; N, 7.88. Found: C, 68.64; H 6.22; N 9.24

-i-» -r«. , . , „  . , lt . 1t . B. Indirect Procedure.—The product was prepared as de-
B . Determination of Racemization of the Piperidine Active scribed aboye ( t c  for benzoylphenylalanine p-nitrophenyl-

Ester by Conversion into Hydrazide.-To 500 mg of benzoyl hydrazide) in 24% overall yield, mp 108.5-111.5°, [«]»d -5 .3 8 °
phenylalanine N-hydroxypiperidme ester dissolved in 10  ml of A  j  Q tetrahyd-ofuran)
boiling methanci, 1 ml of anhydrous hydrazine (large excess) A w L  Calcd‘ for Cl8H20O3N2: C, 69.21; H, 6.45; N, 8.97.
was added. I he solution was allowed to cool and stand for 24 Found* C 68  G6  * H 6  30* N 8 47
hr. The solvent was removed in a stream of nitrogen and the Benzoylphenylalanine' N-Hydroxysuccinimide Ester. A.
process was repeated with methanol and then with chloroform. From 2 -Phenyl-L-4-benzyloxazolone. Procedure l . - T o  a solu-
FmaHy, ether was added and 380 mg of crude product was tion of 2 -phenyl-L-4-benzyloxazolone (502 mg, 2 mmol) in 4 ml
filtered off (94.7% ). Infrared analysis and thm layer chroma- of tetrahydrofuran, N-hydroxysuccinimide (253 mg, 2.2 mmol) in
tography indicated the presence of pure hydrazide. The ma- 4  ml of tetrahydrofuran was added in one portion and the reaction
tenal was thoroughly dried in a vacuum desiccator over P 20 5 and wag allowed to stir for 3 hr at room temperature. The solvent
H2S ° 4 to remove any traces of hydrazine, [* ]d -4 3 .5  (c 1, was evaporated at room temperature and 50 ml of water was
dimethylformamide). added to dissolve unreacted N-hydroxysuccinimide. Crude

Subsequently, the hydrazine treatment was repeated by dis- product (530 mg, 73%), showing one spot in thin layer chroma
solving the piperidyl ester in tetrahydrofuran at 0 and adding the tography, was obtained after filtration and washing with cold
hydrazine at 0° in methanol. The product obtained on work-up ether (to remove oxazolone), [ a ]25D -5 2 .2 °  (c 1.5, tetrahydro-
had the same optical activity as above. furan).

The reaction was repeated twice with a 10% excess of N- Procedure 2.—The above reaction was repeated at 0°. After
hydroxypiperidine in ether at 25° and in tetrahydrofuran at 0°. identical work-up, 600 mg (82%) of product was obtained, [a] 25d

Similar work-up and conversion of the active ester into benzoyl —53.1° (c 1.5, tetrahydrofuran).
phenylalanine hydrazide at 0° gave a product, M “d —42.0° Procedure 3.—2-Phenyl-L-4-benzyloxazolone (1.0 g, 4 mmol)
(c 1 , dimethylformamide) for the ether reaction and [<*]25d -4 1 .6 °  and N-hydroxysuccinimide (900 mg, 7.8 mmol) were stirred in
(c 1 , dimethylformamide) for the tetrahydrofuran reaction. 10  ml of tetrahydrofuran at 0 ° for 2 hr and at room temperature

0-(Benzoylphenylalanyl)-N,N-diethylhydrcxylamine.—Freshly for an additional 2 hr. This work-up yielded 1.25 g (8 6 % ) of
distilled N,N-diethylhydroxylamine was used in these experi- crude material, [a] “ d —53.4° (c 2 , tetrahydrofuran). Recrystal-
ments, bp 40-41° (10 mm). lization twice from chloroform gave an analytical sample, mp

To 2-phenyl-L-4-benzyloxazolone (502 mg, 2 mmol) in 15 ml 164-165°, [ a ] 25D —54.3° (c 2, tetrahydrofuran).
of anhydrous ether at 0° was added N,N-diethylhydroxylamine Anal. Calcd for C2oHi805N2: C, 65.52; H, 4.92; N, 7.65.
(196 mg, 2.2 mmol) in 5 ml of ether. After 2 hr the solvent was Found; C, 65.41; H, 5.11; N, 7.64.
removed under reduced pressure, washed with petroleum ether B . Determination of Optical Purity of Succinimide Active
several times, filtered, washed with water, and dried over P20 6 -----------------
in vacuo to give 625 mg (92%) of ehromatographically homo- (40) t . C. Bissot, R. w. Parry, and D. H. Campbell, J. Amer. Chem. Soc.,
geneous material, mp 109-113.5°, [«]25d —21.8° (c 1.5, tetra- 79,796 (1957).
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Ester.—To a solution of benzoylphenylalanine N-hydroxysuccin- High-resolution nuclear magnetic resonance spectral measure-
imide ester (240 mg, 0.66 mmol) in 20 ml of tetrahydrofuran at ments were made with the Cary A-60 megacycle instrument a t
0 °, hydrazine hydrate (150 mg, 3 mmol) in 5  ml of methanol was room temperature and resonances are expressed in units relative
added at 0°. Precipitation of product -was noted immediately. to tetramethylsilane as an internal standard.
After 2 hr, the solvent was removed under a stream of nitrogen at ' Infrared spectra were determined with a Perkin-Elmer Model 
room temperature. After addition of water to remove N- 132, 21, or 521 spectrophotometer from Nujol mulls or potassium
hydroxysuccinimide, filtration, and drying over P 2O5, 160 mg bromide pellets.
(85%) of chromatographieally pure paterial was obtained, .
[a]25n —45.7° (c 1, dimethylformamide). Registry No.' 2-Phenyl-L-4-benzyloxazolone, 5874-

C. Racemization by Methanol.—Benzoyl-L-phenylalanine 61-3; benzoyl-L-phenylalanine methyl ester, 3005-61-6;
succinimide ester (250 mg) was boiled in 20 ml of methanol for benzoyl-L-phenylalanine hydrazide, 23912-50-7 ; ben-
20 min. Evaporation of solvent gave completely racemized zoylphenylalanine i-butyloxycarbonyl hydrazide,
starting material as determined by infrared spectroscopy thin , , , 1 1 - u ™ 1 •
layer chromatography, and polarimetry. No methanolysis took 2391^-51-8; benzoylphenylalanine phenylhydrazide,
place under these conditions. 23912-53-0; benzoylphenylalanine dimethylhydrazide,

Benzyloxycarbonyl-L-phenylalanine Succinimide E ster—The 23912-54-1; benzoylphenylalanine p-nitrophenylhy-
crude product was obtained in 68% yield by the dicyclohexyl- drazi(ie, 23912-55-2; benzoyloxycarbonyl-L-phenyl-

S f S f f S w - ' S J K SSS, p-nitrophenylhydrazide, 23912-56-3; p-phenyl-
mp 136-138.5°, [«]25d -2 1 .5 °  (c 1.5, tetrahydrofuran). alaxune p-mtrophenylhydrazide hydrobromide, 23912-

Anal. Calcd for CjiHaoOeNj: C, 63.63; H, 5.08; N, 7.07 . 57-4; benzoyl-L-phenylalanine o-methoxyphenylhydra-
Found: C .63 .53 ; H, 5.33; N, 6.93. zide, 23912-58-5; benzoyloxycarbonyl-L-phenylalanine

Racemization by M ethanol.-Thesucdm m ide active ester 0_methoxyphenylhydrazide, 23912-59-6; L-phenylala- 
(250 mg) was boiled for 20 mm m methanol and then the solvent . J  \ J  J  . , . . ’ Oom o
was removed at room temperature. The product was washed nine o-methoxyphenylhydrazide hydrobromide, 23912-
with hexane and filtered. Infrared and thin layer analyses showed 60-9; benzoylphenylalanine hydroxamic acid, 23912-
no methanolysis, [<*]25d -1 9 .4 °  (c 1.5, tetrahydrofuran). 6 1 -0 ; benzoylphenylalanine N-hydroxypiperidine ester,

Instruments and Apparatus- A l l  measurements of optical 23967-35-3; o-(benzoylphenylalanyl)-N,N-diethylhy- 
actm ty were made on a Model 80 Rudolph polarimeter equipped oom o co  1 at at
with a Model 200A oscillating polarizer. Monochromatic light droxylamine, 23912-62-1; N-methyl-N-(benzoylphen-
was obtained by a prism monochromator equipped with an ylalanyl)-0-methylhydroxvlamine, 23912-6^-2; ben-
independent Xenon light source (Hanovia 901B). Center-fill, zoylphenylalanine N-hydroxysuccinimide ester, 23912-
2-dm polarimeter tubes with a bore of 3 mm in diameter were 6 4 -3 ; benzyloxycarbonyl-L-phenylalanine succinimide
used (Polarimeter tube type 14, catalogs of O. C. Rudolph and , 0 0 0 7 0 9 0
Sons, Caldwell, N. J . ) .  The temperature of the tube compart- e s le r ’
rnent was kept constant at 25 ±  0 .2 ° by a circulating pump Acknowledgment.— We wish to thank the National
connected to a constant-temperature bath. The voltage applied T .. .  , „  , , ,  c ,, • , r ,,  •
to the photoelectric cell was controlled by a Keithley Voltage Institutes of Health for their generous support of this
Supply Model 240. research under Contract AM 03868.
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The reaction of N-hydroxybenzenesulfonamide (1) with aldehydes was studied. In the presence of strong base, 
hydroxamic acids are formed. In methanol in the absence of base, rapid acid catalysis by 1 takes place, leading 
to dimethyl acetals. In this manner acetal formation or hydrolysis can be catalyzed by the mild acids 1 or its 
O-benzyl ether 6 . Treatment of 1 or 6  with base does not appear to furnish nitrenes, as indicated by lack of reac
tion with olefins.

The reaction of aldehydes with N-hydroxybenzene- droxamic acid 2 which forms characteristically colored 
sulfonamide (1) under basic conditions constitutes the complexes with ferric ions.2
basis for a well-known spot test used in the qualitative A proposed mechanism for hydroxamic acid formation 
identification of aldehydes.1 This test, known as the involves the following scheme.3 Alternatively, 1,2
Angeli-Rimini test, involves the formation of a hy- elimination of benzenesulfinic acid from 3 would lead

to 2.
RCH +  C6H5S0 2NH0H RCNHOH ^  Oe H

II 1 II I I
O 0  RCH +  1 — >- RCHNS02C6H5 — >- R C N = 0  ^ ± 1  RCNHOH

2 I) ¿H ¿H d

/ R C / \  . . . , 3 .
I / f Pe Since «-elimination reactions have been used to
\ NO /  generate nitrenes,4 we considered the possibility that the
\ H / 3

. (2) A. Angeli, Gazz. Chim. Hal., 26 (II), 17 (1896); E . Rimini, ibid ., 31
purple color (ii), 84 (1901).

---------------------- (3) P. A. S. Smith and G. E. Hein, J .  Amer. Chem. Soc., 82, 5732 (1960).
(1) F . Feigl, “Spot Tests In Organic Chemistry,*’ 2nd ed, Elsevier Pub- (4) W. Lwowski, Angew. Chem., Int. Ed. Engl., 6, 897 (1967); D. Carr, T .

lishing Co., New York, N. Y ., 1966, p 196. P. Seden, and R. W. Turner, Tetrahedron Lett., 477 (1969).
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above reaction may involve the intermediacy of an N- T a b l e  I
hydroxynitrene 4 which attacks the carbonyl group to F o r m a t io n  o f  D im e t h y l  A c e t a l s  w it h in  15 M in  in

give 5. Alternately, nucleophilic attack of the anion M e t h a n o l  in  t h e  P r e s e n c e  o f  1 E q u iv  o f  1

of 1 on the C = 0  could take place followed by ring clo- % yield of
sure to an N-hydroxyoxaziridine 5 which would ring Aldehyde acetal»
open to 2. Our past interest in the introduction of Penza'dehydc  ̂̂  ^
nitrogen functions into organic molecules5 and in small- ''r°11enza. ,e ,y f a¡?
nng heterocycles6 suggested a study of the reaction of „-Methoxybenzaldehyde 77
N-hydroxybenzenesulf onamide (1) with C = 0  and C==C 2,4,6-Trimethylbenzaldehyde 45
systems. During this study we discovered a facile p-Dimethylaminobenzaldehyde
synthesis and hydrolysis of acetals catalyzed by 1. l-Heptanal 89

Cinnamaldehyde 85
1 C6H5S02N0H —*► :NOH + C6H5SO,e  Cyclohexanone 75

Benzyl methyl ketone 33

/ RCH ° Usually determined from the nmr spectrum of the crude
¡I /  product. In the case of 7, the acetal was isolated and compared
0 /  with authentic sample.

3 0
N*. /  \  Neither benzenesulfonamide nor other weak acids

r__ ('}{— n— OH —*■ 2 such as phenols catalyze the acetal formation. Acetic
5 acid, a much stronger acid (pAa = 4.75) is considerably

poorer than 1 in catalyzing acetal formation (see Table
_  , , _ .  II). The effectiveness of 1 as a catalyst in acetal
Results and Discussion

We were able to confirm the fact that aldehydes react T a b l e  II
with 1 in the presence of NaOH in ethanol-water or E f f e c t  o f  A c id s  O n D im e t h y l a c e t a l  F o r m a t io n  f r o m

DMSO or even better with NaOCEh in methanol to p -C h l o r o b e n z a l d e h y d e  (7) in  M e t h a n o l  a t  25°
produce hydroxamic acids 2 in fair to good yields. Reaction ^ -%  yield''—

Acidic work-up furnished benzenesulfinic acid as a by- Acid pK* time-min 7 8
product in 96% yield. Ketones react much slower HCl(l.O) <1 15 85
under these reaction conditions and lead in poor yield HCl(O.l) <1 15 80
to N-hydroxyamides.7 Acetic acid (1.0) 4.75 15 95 ^

Attempts to add 4 to olefins such as cyclohexene or t henol (1 0) 6 .85 15 79
dihydropyran by treatment with 1 or its O-benzyl ether i (i o) 9 26 15 80

C  H 8 0  NHODH C H 1 ( 0 1 )  9 26 15 11 89OeHsbUaJNHUUHjUHs 6(1 .0) ~ 9  15 24 68
6 Phenol (1.0) 9.85 15 80

í i tt i Benzenesulfonamide (1.0) >10 2,400 896 with various bases were unsuccessful. Unexpectedly, 2 p ridone (), 15
we found that slow addition of sodium methoxide in ... . ' . , , , .. m i  , ,  , , —. , “ All reactions were carried out and worked up as described tor
methanol to a solution ol p-chlorobenzaluehyue (7) ana pie uge of ,  !> rf}le yields were calculated from the nmr spectrum
N-hydroxybenzenesulfonamide (1) in methanol gave of the crude product, 
rise to the dimethyl acetal 8 in good yield. It soon be
came obvious that aldehydes reacted readily with production appears comparable with that of hydrochloric
methanol in the presence of 1 equiv of 1 within 10-15 acj¿ anr] o .l equiv of the 1 is sufficient to accomplish
min at room temperature even in the absence of sodium dimethyl acetal formation within 15 min. That this
methoxide to form dimethyl acetals (see Table I ) . This acid serves only in a catalytic capacity can be
was surprising since the pK a of 1 is approximately 9.8 shown by the recovery of N-benzyloxybenzenesulfon-
We were able to show that N-hydroxybenzenesulfon- amide (6) in 94%  yield after assuming its role in the
amide (1) as well as its ether 6 behave as powerful conversion of p-chlorobenzaldehyde to its acetal 8 in
nucleophilic catalysts in this reaction. 85%  yield.

„„ N-Hydroxybenzenesulfonamide (1) also serves as a
9H0 j 3 2 mild acid catalyst in the hydrolysis of 8 to 7 in dioxane-

J x ,  i water at 25°. The reagent 1 is stable to methanol but
[ O j  + CH30H 3==i: [ Q j  unstable to base at room temperature and is converted

H‘° to benzenesulfinic acid (isolated) and nitrous oxide.
¿1 The latter was identified by mass spectrometry.

7 8 The conversion of ketones to dimethyl ketals in the
presence of 1 is slower than that of aldehydes. Cyclo- 

, , , „ „ , , T n , ,n hexanone and benzyl methyl ketone gave dimethyl
(1967); A. Hassner and F. Boerwinkle, J .  Amer. Chem. Soc., 90, 216 (1968), ketals 111 75 and 33%  yield, respectively, but Cyclo-
and references cited therein, pentanone did not react within 15 min.

(6) A. Hassner and F. w ll9 6 S )'• A' Hassner' Aldehydes that contain basic functions, such as
G. J .  Mathews, and F. W. Fowler, ibid., 91,5046 (1969). /  , , u  u j  a  o

(7) l . Panizzi, g . diMaio, p . a . Tardeiia, and l . D ’Abbiers, ríc . s d . ,  p-dimethylammobenzaldehyde and o-pyridinecarbox-
Parte z, See. a, si, 312 (1961). aldehyde, do not give acetals under the conditions men-

(8) O Exner and W. Simon, Colled. Czech. Chem. Commnn.. SO, 4079 . ,
(1965). t l 0 n e d -
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Though the exact nature of the function of 1 or 6 are zenehydroxamic acid: mp 193-195° dec; ir (KBr) 3250 (N—H),
not yet understood, the acid catalysis must involve 2700^ i a ^ j OT ? !K 160i) riwk0, a°9°i «ft5 CIf-,. “ - ,, ’ i - i , i  , , i ,  nmr DMSO-d6r 2.8 (broad, s, 1), 0.65 (broad, s, 1), 2.34 (m, 4).
assistance b y  the N  oxygen and is probably  related  to. j f  y ,e reac^on was carried out using 2  equiv of 2 N  NaOH in
the Strong nucleophilic character of 1. Nucleophiles ethanol-water (2:1), 35% pure hydroxamic acid was obtained
with an electronegative atom adjacent to the nucleo- together with of a mixture of 7 and its acetal 8 (ca. 45%).
philic atom, such as hydroxylamine or hydrazine, are Using DMSO-water (1:1) instead of ethanol-water as a solvent

unusually efficient nucleophiles toward carbonyl groups • hydroxamic a c id T m S -lS S U T e c ,l i tu mp
A plausible pathway m which 1 or 6 acts as a good Acid-Catalyzed Formation of p-Chlorobenzaldehyde Dimethyl 

nucleophile as well as a good leaving group is suggested Acetal (8).—A solution of 281 mg (2 mmol) of p-chlorobenzalde-
below. It also explains the unexpected formation of hyde (7) and 365 mg (2 . 1  mmol) of N-hydroxybenzenesulfon-
acetals from methanol and aldehydes in the presence of amide <l \in 8 ml of absolute methanol was let stand for 15 min
, , , . , , f  at room temperature, diluted with o0 ml ether, anc extracted
hydroxylamme-hydroxylamme hydrochloride buffer.“ two times with 1 0  mi 0f 2 M NaOH solution. The ethereal ex- 
In the presence of strong base, loss of benzenesulfinic tract was washed twice with NaCl solution, dried (MgSO<),
acid from 3 leads to formation of hydroxamic acids. and concentrated giving 298 mg [bp 104-106° (0.2 mm), l it .14

bp 12c .5°-126.5° (35 mm) (80%)] of the dimethyl acetal 8 : 
O OH nmr CDCb t 2.61 (s, 4), 4.64 (s, 1 ), 6.70 (s, 6 ); mass spectrum
li H I H+ (70 eV) m /e (relative intensity) 188 (2) and 186 (6 ) for M +, 157

RCH +  PhS02N0R R— CH (33) ar.d 155 (100) for M -  OCHs, 141 (8 ) and 139 (25) for M -
| 47, l ie  (6 ) and 111 (18) for M -  HC(0CH3)2, 91 (35).

Acid-Catalyzed Hydrolysis of 8 .—A solution of 2 mmol of 
PhS02 OR acetal 3 and 2  mmol of 1 in 40 ml of dioxane-water (1 :1) was al-

3 lowed to stand for 5 hr at 25°. Work-up gave p-chlorobenzalde-
hyde (7) in nearly quantitative yield identified by ir and nmr.

I Reactivity of N-Hydroxybenzenesulfonamide (1). A. Reac-
__  I , tion with Sodium Methoxide.—To a solution of 346.4 mg (2

1 °  | “  mmol) of 1 in 5 ml of methanol was added 113 mg (0.21 mmol) of
| I NaOCH3 at room temperature with stirring. A precipitate of

P R ^ O '"+ ''v'OR PI SD colorless crystals appeared which dissolved after about 30 min.
2 1 2  After another 2 hr the methanol was evaporated giving colorless

It crystals of sodium benzenesulfinate. This salt was acidified with
OCH3 OCH3 ’  2 N  HOI, and the benzenesulfinic acid was extracted with chloro-
j | CH 0H +0CH3 form. The chloroform extract was dried (M gS04) and concen-

H+ -i- RCH -¡—»• RCH ■, J > || trated giving 209 mg (74%) of benzenesulfinic acid: mp 81-
! ] ' ' RCH 83° (lh .15 85°); irCHCls 2500 (broad, O—H), 1090 cm - 1 (S = 0 ) .

OCH HOCH B. Reaction with Methanol.—N-Hydroxybenzenesulfonam-
+ ide (1) was recovered unchanged upon standing in methanol (0.25

, . . . . . , . , ,  M solution) for 1 hr at 25°. After 45 hr impure 1 was recovered.
An alternative mechanism in which 1 or 6 act as an Reaction of 7 with N-Benzoxybenzenesulfonamide (6).—A 

acid and a base is unlikely since 2-pyridone, which can solution of 281 mg of p-chlorobenzaldehyde (7) and 1 equiv of 6
act in this manner,11 does not catalyze acetal formation. in methanol was allowed to stand for 30 min ar.d worked up as
On the other hand, hydroxylamine and its derivatives described under formation of acetal 8. Ih e  neutral fraction
have bee» reported to catalyze hydrolysis of esters b ,  [“ “ t  C . S
attack on the carbonyl group.12 amide (6), 9 4 % yield, mp 103-105°.

^ . , , _ Registry No. l , 599-71-3; 7, 104-88-1; benzalde-
Expenmental Section hyde, 100-52-7; p-methylbenzaldehyde, 104-87-0; p-

Formation of p-Chlorobenzenehydroxamic Acid.—To an ice- methoxybenzaldehyde, 123-11-5; 2,4,6-trimethyl-
cooled solution of 365 mg (2.1 mmol) of N-hydroxybenzenesul- benzaldehyde, 487-68-3; p-dimethylaminobenzalde-
fonamide (1) in methanol 2.18 ml (4 2 mmol) of a 1.93I M  sodium h d l00-10-7; 1-heptanol, 111-71-7; cinnamaldehyde,
methoxide-methanol solution was added dropwise with stirring. • ’ .  ’ r  ’ j  >
Then 281 mg (2 mmol) of p-chlorobenzaldehyde (7) dissolved in 1 U4 - 0O-2 .
2  ml of methanol was added, and the reaction mixture was
warmed to room temperature and stirred an additional 2  hr. Acknowledgment. Support of this work by Grant 
The solution was concentrated under vacuum, diluted with 100 GP S675 from the National Science Foundation and
ml Of ether, and extracted twice with 2  M  NaOH. The organic pR ,p  Grant A2004-AI.4 from the American Chemical
phase yielded 45 mg (16%) of slightly impure starting materiaL goclet ig gratefully acknowledged. We are grateful
The aqueous phase was acidified with concentrated HC1 to pH -n s r» -«-i t » r  . . . &
7 - 8  and extracted twice with ethyl acetate. The dried solution r  rotessor R . it. B a rn e tt, U n iversity  of M in n esota ,
(MgSO.,) was concentrated giving 225 mg (6 8 % ) of p-chloroben- for helpful discussions.

(9) W. P. Jencks and J .  Carriulo, J . Amer. Chem. Soc., 82, 1778 (1960). (13) B . E . Hackley, R . Plapinger, M. Stolberg, and T. Wagner-Yauregg,
(10) T . Sasaki and T . Yoshioka, Tetrahedron Lett., 827 (1968). ibid., 77, 3551 (1955).
(11) Chem. Eng. News, 47, 74 (Oct 13, 1969). (14) R . L. Huang and K. H. Lee, J .  Chem. Soc., Suppl., 5963 (1964),
(12) W. B . Gruhn and M. L. Bender, J .  Amer. Chem. Soc., 91, 5883 (15) "Handbook of Chemistry and Physics,” 49th ed, Chemical Rubber

(1969). Publishing Co., Cleveland, Ohio, 1968, p C-175.
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Bridgehead Nitrogen Heterocycles. III. The 
3H-[l,2,4]Thiadiazolo[4,3-a]pyridine System 1
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Reaction of 2-aminopyridines with perchloromethyl mercaptan in the presence of base gave 3-(2-pyridyl- 
imino)-3H-[l,2,4]thiadia.iolo[4,3-o]pyridines, a new heterocyclic ring system.

The 1,2,4-thiadiazoIe ring system, one of the more Analytical data and molecular weight data (Table I) 
interesting heterocyclic systems, has been the subject of clearly establish tha t ring closure occurred. Structure
numerous investigations.2 A  synthetic procedure of 4 is preferred over tha t resulting from the alternative
considerable u tility  is the formation of the ring system mode of ring closure, represented by structure 5, on
from amidines and perchloromethyl mercaptan (tr i-  spectroscopic and chemical grounds. In  bridgehead
chloromethanesulfenyl chloride) developed by Goer- nitrogen heterocycles of this type,7 a heteroatom in the
deler,3 and our interest in  bridgehead nitrogen ring
systems led us to apply this method to the synthesis of Table I
ring-fused 1,2,4-thiadiazoles. There are only two re- Principal I ons Present
ported examples of ring-fused 1,2,4-thiadiazoles, a IN THE M ass Spectra of Representative
[1.2.4] thiadiazolo [4,5-ot(pyrimidine derivative4 and a 3-(2-P ™ dyuyano)-3H-[i ,2,4Jthiadiazolo14 ,3-a]PYiUDINES“
[1.2.4] thiadiazolo[3,4-&]benzothiazole derivative.5 Compd

I t  was anticipated that the most direct route to no- m / d> (relative abundance)
the [l,2,4]thiadiazolo[4,3-a]pyridine system would be l  228 (42;, 227 (12), 136 (18), 124 (27), 78 (100), 51
from 2-aminopyridine (1, R =  H) and perchloromethyl (31)
mercaptan. An earlier report6 described these two 2 257 (18/> 256 (100)> 255 (20)> 150 (50)> 138 92

reactants as yielding 2-trichloromethylthioaminopyr- y 300 (22',, 299 (20), 298 (38), 297 (12), 296 (50), 295
ldine ( 2 > R =  H V whlch, dld undergo ring-closure ( 170 (17)> (32), 158 (82), 114 (32), 112
reactions to bicyclic products. Variation ol the reac- 1̂0(̂  76
tion conditions as described below led to a cyclization u  365 (19jf 364 (10o), 363 (24), 362 (100), 245 (11), 244
product to which structure 4 (R = H ) has been as- (24), 243 (10), 242 (34), 182 (10), is i (10), 151
signed. Structure 5, resulting from in itia l condensation (33), 106 (100), 79 (35), 78 (35)
at the pyridine nitrogen atom, may be excluded from »Appropriate metastable transitions were observed for the 
consideration on the basis of the following data. main fragmentations. 5 Ions with a relative abundance >10%

only are reported.

^ , N H 2 ^s^N H S C C b
p  | || ' CIjCSC1, ^ 1 || __► five-membered ring adjacent to the bridgehead nitrogen

atom has a pronounced effect on the chemical shift of 
1 2 the proton, and substituents, in the p e r i  position; e .g .,

s ] in the s-triazolo[l,5-a]pyridine system78- (6) the chem-
ical shift of the 5 proton is r  1.38 and that of a 5-methyl 

R—f -  IT ''s  —*- R—A - T 3/ S 2 substituent is r 7.24, whereas in the indolizine system7*3
C] T , (1 the corresponding chemical shifts are r  1.91 and 7.59,

respectively. In  the nmr spectra of these cyclization 
products (Table I I ) ,  the chemical shift of the 5 proton is 

4' r t 1.75 and tha t of a 5-methyl substituent is t 6.89, data 
3 4 consistent w ith  structure 4, in  which the shielding is due

to the 2-pyridylim ino substituent in  the 3 position. 
The synthesis of 4 (R =  H) from 2-trichloromethyl- 

R— {—  I N. thioaminopyridine (2, R  =  H) and 2-aminopyridine
% ^ N"S v C N z confirmed the above assignment.

~N The nmr dat a (Table I I )  for various derivatives of
*T this ring system are consistent w ith  those for similar
^  g heterocycles. Ring coupling constants (determined by

_________  first-order analysis) and the orth o  benzylic coupling
(1) (a) Financial support of this work by U. S. Publish Health Service Constants indicate that Considerable bond fixation

Research Grant No. CA-08495, National Cancer Institute, is gratefully might be present in this system.
acknowledged, (b) Abstracted in part from the Ph.D dissertation of R. A. The gygtem 4 wag stable to hot, dilute acid Or
to be submitted to the Graduate School, Rensselaer Polytechnic Institute. ,  ‘ .¿.u QA07
(c) National Dairy Fellow, 1969. (d) Part I I :  K. T . Potts and U. P. base, and HO OXldatlOH Was observed W ith  eXC eSS 30%
Singh, Org. Mass Svectrom... in press. hydrogen peroxide in acetic acid. Sodium metaperio-

(2) F . Kurzer, Advan. Heterocycl. Chem , 5, 119 (1965).
(3) J .  Goerdeler, H. Groschopp, and U. Sommerbad, Chem. Ber., 96, 182

<1957} (7) (a) K . T . Potts, H. R . Burton, T . H. Crawford, and S. W. Thomas,
(4) C. F . H. Allen, H. R . Beilfuss, D. M. Bumess, G. A. Reynolds, J .  F . J .  Org. Chem., 31, 3522 (1966). (b) P. J .  Black, M. L. Heffernan, L. M .

Tinker, and J .  A. Van Allen, J .  Org. Cherr... 24, 779 (1059). Jackman, Q, N. Porter, and G. R. Underwood, Aust. J .  Chem., 17, 1128
(5) P . von Strom and W. Hans, Angew. Chem., 67, 743 (1955), (1964). (c) W. W. Paudler and H. L. Blewitt, Tetrahedron. 21, 353 (1965);
(6) J. Goerdeler and E . R. Erbach, Chem. Ber., 96, 1637 (1962). J .  Org. Chem., 31, 1295 (1966).
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Table II
Chemical Shifts (t Units) and Coupling Constants (Hertz) for 

Various 3H-[1,2,4]Thiadiazolo[4,3-<i]pyridine Derivatives“

’r r NV
• V A  £

NX )'
4'

Compd r t t tt _.' j-.' tj' Jc  g J 5 7 J 5,8 v6,7 v 3,8 </7,8no. TS Tfl 77 T8 T3 T4 r5 T6 *' 0 ’' ’ ’
l 6 1.75 3.15 mc m m m m 2.55 7 .2  1.2 1 .2  6 .4  1 .4
2d 6 .89« 3.91 2 .40 3.0/ .3.0/ 3.0/ 3.0/ 7 .33“ 1.0 7 .0  1 4  7 .0
3d 1.75 7.77« 2.45 2 .60 2.85/ 2.85/ 7.67« 1.60 1 .4  7 .0
7* 2.35 3.15/ 3.15/ 3.15/ 3.15/ 2 .07 2 .0
8'• 1.24 1.82 2 .37 2.6/ 2.6/ 0 .94 2 .0  9  0

i d 1 .67s 3.52 7 .7 0 ' 2 .82 3.15/ 7.50« 3.15/ 1.67s 7 .2  h 1 4  1.0
6 «* 6 .9 5 ’ 4 .15  7.90« 3.12 3 .30 7 .75« 3.45 7 .45« 1 .0  1 3  1 3

5>* 1.75s 3 .68 2 .60 7 .62’ 7 .55« 3.15/ 3.15/ 1.75s 7 .3  nr 7 .3  1.0
9 1.70 2 .70 m1 m m m 1.85 7 .2  1 .2  1 .2  6 .4  1 .4

10 1.40 7 .50 ‘ 1.95 2 .40 2 .10 7.50e 1.50 1.0 1.0 h
11 6 .70« 3.28 7.55« 2.55 2.82 7 ,U °  7 .73“ 1 .0  _ _ 1 3

“ Spectra were determined using TM S as internal reference except for compound 1 where DSS was used. 6 Determined in CF3CO2H. 
c m, very broad overlapping multiplet between r 1.75 and 3.15. d Determined in CDCI3. e Methyl resonances italicized.  ̂ Center of 
overlapping multiplet. s Overlapping multiplet. h Not resolvable. * Broad overlapping multiplet between r 1.70 and 2./0.

T able I II
Some 3-(l-MKTHYL-2-PYRiDYLiMiNo)-3H-[l,2,4]THi/.DiAZOLo[4,3-a]PYRiniNiTJM I odides

Salt
derived

from Yield, ------------- Calcd, %-------------. '-------------Found, /3 — ^
compd no. Mp, °C % Color“ Formula C H N C H N

1 214-216 85 Lime green C„HUIN4S • HA»6 37.12 3.37 14.30 37.92 3.20 14.58
2 240-242 90 Yellow CI4H15IN4S« 42.22 3 .80 14.07 42.28 3.86 14.06
5 237-238 95 Yellow CuH^LNLS'* 42.22 3 .80 14.07 42.48 3.78 14.23
4  257-259 90 Orange C„H 15IN 4S« 42.22 3 .80  14.07 42.28 S.67 13.93
6 245 95 Orange Ci6HlaIN4S/ 44.97 4.72 13.11 44.94 4.66 12.90

“ Needles. 6 Registry no. 24097-61-8. “24097-62-9. d 24215-63-2. «24097-63-0. / 24097-64-1.

date, specific for the oxidation of sulfides to sulfoxides,8 methyl derivative of 4, a small amount of dibromo sub- 
was also without effect. No reaction was observed stitution in the 3 substituent was observed, 
with dienophiles such as maleic anhydride and dimethyl Several spectral characteristics are worthy of mention, 
acetylenedicarboxylate. Quaternization of 4 occurred In  addition to the infrared > C = N - absorption at ca.
sluggishly with methyl iodide at the pyridine nitrogen 1640 cm -1 (Table IV ), there was always present a char-
atom. These salts, described in Table III , are all acteristic absorption in the region of 1430-1460 cm “ 1,
highly colored, stable products. The nmr spectrum of A similar absorption has been attributed10 to a 1,2,4-
the methiodide of compound 1 was consistent with al- thiad azole ring deformation and, in this present series,
kylation occurring at the position shown. Alkylation we have found this absorption band to be of diagnostic
at N -l would have resulted in a considerable upheld value. Table I illustrates, for representative 3-
shift9 of the 8 proton, whereas the spectral pattern of (2-pyridylimino)-3H- [l,2,4]thiadiazolo[4,3-a]pyridines,
the protons at the 5, 6, 7, and 8 positions was very sim- the two main fragmentation patterns observed in
ilar to that of the parent system. Also the ultraviolet their mass spectra. The molecular ion fragments by
spectra of the methiodides were practically superim- breaking of the C3-N 4 bond and either the N j-S or the 
posable on those of the appropriate precursors, pro- C3-S  bond. In the former case, the it moiety of the
viding additional support for methylation at the pyr- fused system is eliminated as a neutral fragment; in the
idine nitrogen atom. latter case, 2-pyridyl isocyanide is eliminated. Sev-

Bromination of 4 occurred readily with bromine in eral other fragmentation pathways, consistent with the
glacial acetic acid. Nmr data (Table II) showed that variety of substituents in the fused nucleus (Table IV ),
in these bromo products (Table IV) substitution had oc- were observed to a minor degree. An interesting fea-
curred in the 3-pyridyl substituent. This was con- ture of the spectra of the bromo-substituted compounds
firmed by the synthesis of 3-(5-bromo-2-pyridylimino)- was the presence of a doubly charged molecular ion
3H -[l,2,4]thiadiazolo[4,3-a]pyridine from 2 and 2- whose intensity was dependent on the number of bromo
amino-5-bromopyridine. Introduction of methyl sub- substituents.
stituents into the t  moiety of the fused system did not The ultraviolet absorption spectral data listed in 
alter the bromination pattern and, with the 5,7-di- Table IV  also reveal some interesting information about

(8) N. J .  Leonard and C. R. Johnson, J .  Org. Chem., 27, 282 (1962).
(9) W. W. Paudler and L. S. Helmick, J .  Heterocycl. Chem., 5, 691 (1968). (10) J .  Goerdeler and M. Budnowski, Chem. Ber., 94, 1682 (1961).
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T a b l e  IV
Some D e r iv a t iv e s  of the 

3H-[1,2,4]Thiadiazolo[4,3-<i ]pyridine System (4)“
Compd 3-Pyridylimino Yield, Ir data,

no. R  substituent Mp, °C Color6 % Uv data, Xmax, nm (log e) rc= N , cm -1

1 H H 174-176 A 75 392 (4.00), 378 (4.03), 1640
338 (4.43), 328 (4.20),
280 (4.08), 240 (4.26)

2 5-CH3 6 '-CH3 173 B  85 395 (3.75), 380 (3.81), 1630
347 (4.16), 337 (3.97),
280 (3.69), 230 (4.08)

3 6-CH8 5'-CH3 194-196 C 65 395 (3.93), 380 (3.96), 1645
343 (4.28), 333 (4.17),
285 (4.09), 245 (4.26)

4 7-CH3 4'-CH3 189-191 C 80 375 (4.78), 365 (4.79), 1640
323 (5.06), 312 (4.97),
270 (4.82), 228 (5.09)

7-CH3 4'-CH3 228‘ D 90 370 (3.93), 328 (4.17), 1630
318 (4.09), 273 (3.94),
238 (4.23)

5 8-CH3 3'-CH3 150-151 D 85 390 (4.01), 375 (3.99), 1630
339 (4.17), 327 (4.08),
277 (3.90), 230 (4.11)

6  5,7-(CH3)2 4',6'-(CH 3)2 164-165 A 80 380 (4.28), 343 (4.53), 1640
330 (4.40), 275 (4.15),
230 (4.52)

7 6-C1 5'-Cl 205-207 D 35 405 (3.82), 387 (3.88), 1640
348 (4.34), 336 (4.23),
288 (4.17), 250 (4.32),
225 (4.26)

8 6-Br 5'-Br 230-232 D 40 408 (4.05), 388 (4.11), 1620
348 (4.46), 337 (4.37),
290 (4.37), 252 (4.45)

9 H 5 -Br 172-174 D 93 393 (4.06), 377 (4.08), 1640
347 (4.22), 290 (4.07),
240 (4.28), 225 (4.32)

1 0  6-CH3 3'-Br,5'-CH3 224-225 D 90 395 (3.98), 378 (4.00), 1650
348 (4.18), 293 (3.98),
242 (4.17)

11 5,7-(CH3)2 5'-Br,4',6'- 213-214 D 85 390 (4.04), 378 (4.07), 1650
(CH3)2 348 (4.22), 280 (3.90),

240 (4.24)
12 5,7-(CH3)2 3 ',5 '-(Br)2,4',- 270 D 395 (4.09), 380 (4.11), 1640

6 '-(CH3)2 348 (4.37), 337 (4.22),
288 (3.99), 247 (4.28),
230 (4.31)

° Satisfactory analytical data (± 0 .3 %  for C, H, and N) were reported for all compounds in this table. 6 Needles: A, rust; B, gold; 
C, orange; D, yellow. c Perchlorate.

this ring system. The absorptions can be divided into The formation of compound 9 from 2 and 2-amino-5- 
four general bands. The first band, centered around bromopyridine indicates that the fused-ring system is
390 nm, is assigned to the ring-fused portion of the most likely formed v i a  the intermediates 2 and 3. As
molecule. The second, and the most structured band, 3 is an imidoyl chloride, it would be expected to undergo
occurs at about 340-350 nm while a third band occurs at an extremely facile ring closure to 4.
about 280-290 nm. These last two bands are assigned
to the exocyclic tt moiety, substitution of bromine into Experimental Section11
the 5 position of the exocyclic w moiety causing a General Procedure for the Preparation of 3-(2-Pyridylimino)-
strong shift in  the second and third bands w ithout 3H-[l,2,4]thiadiazolo[4,3-a]pyridines.—The aminopyridine (0.04
affecting the first band. Furthermore, a bromine sub- moi) in chloroform (200  ml) and E t3N (0 .1  mol) were stirred at
stituent in the 6  position of the fused-ring system shifts 0° while C13CSC1 (3.6 g, 0.02 mol) was added dropwise over
the first band while leaving the second and third bands 1 hr - After the mixture was stirred at room temperature for 3

„  . . T. , , , ,, i , j  i , hr, the solvent was removed and the residue was washed with
unaffected. It was observed that the second band lost methanoL Crystallization from acetone (for the Br derivative
most of its fine structure when the exocyclic it moiety chloroform was used) afforded the products described in Table IV.
contained either methyl, bromine, or chlorine substit- ----------------
uents, and this change was of considerable help in ( l l )  All evaporationiwere done¡under reduced[pressure using a Rotavap

* . ® p i i i  j  apparatus. Spectral characterizations were performed with the following
structural assignments. The fourth band centered at instrumentation: ir and uv spectra, Perkin-Elmer Model 337 and Cary
240-250 nm was also assigned to the ring-fused portion Model 14 spectrophotometers, respectively; nmr, Varían A-60 spectrom-

p . ,  T , i • , j  . • eter; mass spectra, Hitachi Perkin-Elmer RM U -6E mass spectrometer,
of the S y s t e m .  It shifted only on introduction O U -  Melting points were taken in capillaries and microanalyses were by Galbraith
stituents into the thiadiazolo[4,3-a]pyridine nucleus. Laboratories, Inc , Knoxville, Tenn.
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G eneral Procedure for the Preparation of 3 -(l-M e th y l-2 -  m ixture was heated a t 100° for 1 hr during w hich tim e it  becam e
p yridylim ino)-3H -[l,2 ,4]th iad iazolo[4,3-a]pyrid in ium  Iodides.—  a  brigh t yellow color. T h e reaction m ixture was poured over ice
A 1 :1  m ixture of the above bases and C H 3I  was refluxed in  chloro- and the precip itate recrystallized from  acetone,
form . T h e  sa lt crystallized from  the h ot reaction  m ixture and, 
on recrystallization from  ethanol, gave the products described
in T ab le  I I I .  Registry No.— 1, 2 4 0 9 7 - 5 7 - 2 ;  2, 2 4 0 9 7 - 9 4 - 7 ;  3,

Brom ination of 3 -(2 -P yrid y lim ino)-3H -[l,2 ,4]th iad iazolo - 2 4 0 9 7 - 9 5 - 8 ;  4 , 2 4 0 9 7 - 9 6 - 9 ;  4  ( p e r c h lo r a t e ) ,  2 4 0 9 7 - 7 4 - 3 ;
[4 ,3-alpyrid ines.— T h e  fused-ring system  (0 .0 2  m ol) in  glacial -  2 4 1 6 2 - 3 5 - 4 ;  6 ,  2 4 0 9 7 - 9 7 - 0 ;  7 , 2 4 0 9 7 - 9 8 - 1 ;  8 .
acetic acid (200 m l) was stirred a t room  tem perature w hile a A’. AA_  AA A ’ o d ic o  o c  c i n  o/uw r c o i  n
solution of B r2 (0 .02  m ol) in  glacial acetic acid (10 m l) was added 2 4 0 9 7 - 9 9 - 2 ;  9, 2 4 1 6 2 - 3 6 - 5 ;  10, 2 4 0 9 7 - 5 8 - 3 ;  11,
slowly. A n im m ediate reaction  occurred and the reaction  2 4 0 9 7 - 5 9 - 4 ;  12, 2 4 0 9 7 - 6 0 -7 .

Thiapyrone Chem istry. III . 1 The Reaction of
2,6-D im ethylthio-3,5-diphenylthiapyrone with Hydroxide Ion

H arold J. T eague and W il l ia m  P. T ucker

Department o f Chemistry, North Carolina State University, Raleigh, North Carolina 27607

Received June 12, 1968

T h e  reaction of 2,6-dim ethylthio-3,5-diphenylthiapyrone (la) w ith hydroxide ion has been reinvestigated.
T h e  m ajor product of th e  reaction is shown to  be th e  hydroxythiapyrone 3a, which on treatm en t w ith diazo
m ethane gives the isomeric enol ethers 3b and 4b . Sp ectral and chem ical evidence used to  support these con
clusions are discussed.

In the course of our studies on the chemistry of thia- ative 3a, existing in solution in equilibrium with its
pyrones, we have had occasion to reinvestigate the reac- tautomeric forms 4a and 5. When treated with di-
tion of 2,6-dimethylthio-3,5-diphenylthiapyrone (la) azomethane, this mixture produces the isomeric enol
with hydroxide ion. Schônberg and Asker2 described ethers 3b and 4b. The structural assignments of these
this reaction as leading to the complex thio ether 2a via products based on chemical and spectroscopic data are 
ring cleavage followed by the acid-catalyzed élimina- the subject of this report, 
tion of methanethiol. This sequence is indicated in
path a. However, the only evidence offered in support Results and Discussion
of the assigned structure was an elemental analysis and , „ , ,
demonstration of the acidic character of the product by , 2-Methylthio- 3,5-diphenyl - 6-hydroxy - 4 -thiapyrone
its solubility properties and its reaction with diazo- 1S Produced m 38%  yield by treatment of la
methane to form the “ester” 2b. 7 th Potf  su™  hydroxide by the procedure

described by Schônberg.2 Path b, involving a Michael 
C02~ 1  addition of hydroxide ion to la  followed by acidification

C6H5̂  /  h C6H5 h+ SC=CC6H5 and consequent elimination of methanethiol, suggests a
i| I - ch sh*~ possible route for its formation. This yellow crystal-

CH 3 CsH5 line material has the same melting point and other
L J  2a, R = H properties previously attributed to the incorrectly as-

i . b, R = CH3 signed structure 2a.2
oh~ j path a A key to the characterization of the acidic thiapyrone

3a was its reaction with diazomethane. Since it seemed 
Q likely that 3a should also exist as 4a ,3 both tautomeric

R - ^ J L / R  forms of the parent thia-2,4-pyrone 5, méthylation of
T T

C H jS '^ S '^ S C H ;,  /  O OR \
la, R = CeH5 / Ca J L / W  O f t  I C5H5 \

OH- I path b \  oA A sCH3 oA A sCH3/

5 4a, R = H

9  O ] ch2n,

“ Y V “  - 2 Ï _  « v V ™  3b + 4b ,R -C H ,
CHjS^^S^ksCH, CHiSH , A .

OH J  KU °  bOH3 the tautomeric mixture was expected to produce the
3a> R = H isomeric enol ethers 3b and 4b.4 Careful chromato-

b, R = CH3 graphic separation of the total reaction mixture afforded

Our investigation of this reaction has revealed that (3) Tne yellow hydrolysis product probably exists mainly as tautomer 4a
the product is not 2a but rather is the thiapyrone deriv- in both the solid state and in solution. Its visible absorption maximum

(370 m/~) closely resembles that (380 m/*) of the a-thiapyrone ether 4b
(1) Paper I I  of this series: H. J .  Teague and W. P. Tucker, J .  Org. (Table I).

C h e m 32, 3144 (1967). (4) D. Herbert, W. B. Mors, O. R . Gottlieb, and C. Djerassi, J .  Amer.
(2) A. Schônberg and W. Asker, J .  Chem. Soc., 604 (1946). Chem. Soc., 81, 2427 (1959).
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these isomers, one (3b) as white crystals, mp 156-158°, sorption maximum is assigned structure 4b. Thesim-
in 19% yield, and the other (4b) as a bright yellow solid, ilarity of the ultraviolet spectra of thiapyrones la
mp 151-153°, in 75%  yield. This second product is (Xmax 280 npt), lb (Xmax 285 m./*), and 3b (Xmax 275 npi)
the only one obtained when the work-up procedure de- reflects their structural resemblance,
scribed by Schonberg is employed, and is the product to It is interesting to note that the position of the ab- 
which he assigned structure 2b.2 sorption band of longest wavelength of the thiapyrones

Our assignment of structures to the products is based in Table I is not appreciably altered by substitution of
largely on a study of the ultraviolet-visible absorption methyl for phenyl in the 3 and 5 positions. (Compare
spectra of these and similar compounds and on their nu- for example, la and lb, 9a and 9b, and 10a and 10b.)
clear magnetic resonance spectra. Djerassi and co- An examination of models indicates that the phenyl
workers4 have demonstrated that electronic absorption substituents cannot gain coplanarity with the hetero
spectra can be used in distinguishing between the enol cyclic ring and indeed must remain nearly perpendicular
ethers produced by methylation of 2,4-pyrones 6 to it. Consequently, conjugation is minimized and its
showing that the isomer with the longer wavelength ab- effect on the absorption spectra is very small,
sorption maximum represents the 2-pyrone derivative, The assignments of structures 3b and 4b are supported 
7b.5 Table I gives the ultraviolet-visible maxima of by the nmr data given in Table I. The presence of 

q 0R/ q phenyl substituents in the 3 and 5 positions of the thia-

A | || pyrones causes a marked difference in the chemical
n i l  shifts of the protons of the adjacent S-CH 3 or 0 -C H 3

11 1. I JI groups. The nmr spectra of a number of thiapyrones
n - O R O O R 0 OR' showed that the S-CH 3 group in the 2 position absorbs

6 7a, R' = H 8a, R' = H at ca. 2A -2.5  ppm. However, when the S-C H 3 group
b, R' = CH3 b, R' = CH3 is located in the 4 position and is flanked by phenyl sub

stituents (as in 9b) the methyl signal is shifted upfield 
Tablk j by almost 1 ppm. A study of models shows that such

0 m an effect is to be expected in these compounds. Sub-
........ h „ .. stituents in the 4 position are forced to remain

Compound \max, (lo g «) 2(6)-CH3 4-CHs above the plane of the phenyl rings where they are
ia 280 (4.23) 2 .40 shielded because of the ring current effect.8 In isomers
lb 285 (3.69) (2.46, 2 .22)d 9a and 10a, which contain no phenyl substituents, little
3a 370 (3.87) 2.41 difference in bhe chemical shifts of the various methyl
3b 275 (4.07) 2 .4 0 (3 .8 2 )  groups was ob served.
4b 380 (3.96) 2.44 3.00 The enoj ethers produced by methylation of 3a also
7b, R = CH3 280 (3.80)e exhibited a sharp difference in the chemical shifts of the
7b’ to I  nn* m lof 0 -C H 3 groups. In both isomers the absorption of
j? ’ R I  r  tt 9_„ , O-CHa is lower than the corresponding S-CH 3 groups;
o ’ -  6 5  4Qn ,9 , ,  9 ¡-9 9 rq however, in 4b, the 0 -C H 3 group is shielded nearly 0.8
9a 498 (3.07) (2.33,2.02,2.59, ppm more than that in 3b. That this difference in
9b 500 (4.61 y  2 . 4 9  1.51 0 -C H 3 absorption is due to the ring currents of the

1 0a 405 (4.19) (2 .5 4 , 2 .62 )d phenyl substituents is borne out by an examination of
10b 408 (4 .33y 2 .47 models. The 0 -C H 3 group in the 4 position is shielded
11 480 2 .52 2 .98 by the phenyl substituents to a greater degree than that

“ Ethanol solutions. b Longest wavelength absorption maxima. fn the 2 position. Thus, the nmr data support the as- 
e Deuteriochloroform solvent with internal tetramethylsilane. gignments for 3b and 4b made on the basis of the ultra-
“ Rigorous assignment of these signals was not made. » These are v i o l e t _ y i g i b l e  absorption data.
only several of the examples given m ref 4. * .Reference 7. *  , , . , , . „  , , ,

In an effort to distinguish chemically between 3b and
longest wavelength for a number of structurally similar 4b was allowjld to react witb phosphorus pentasul-
pyrones and thiapyrones. Compounds 3b and 4b, as bde ™ refluxing dioxane to produce the thiothmpyrone
well as the previously reported thiothiapyrones 9b and 1L HeatmS 11 to the meltin§ Pomt 1̂5°  } resulted m 
10b,6 show the same correlation of structure with visible OCH3

f « 3 f  4 b C6H5̂ I , C 6H5 laRlVB RlVR s X X s C H ,
CH3S ^ S ^ S  CH.S-^Nt ^SCH:, 11

9a, R = CH3 10a, R=CH3 rearrangement to compound la, the thiapyrone which
b, R — C6H5 b, R UHs wag orjgjnajiy treated with hydroxide ion. Similar

absorption as those studied by Djerassi.4’7 Based on thion-thiol rearrangements have been previously
these data, the isomer with the longer wavelength ab- studied.7 This sequence of reactions confirms the struc

tural assignments of the enol ethers. It seems unlikely
(5) Infrared spectra can also be used to distinguish between these deriva- ig o m e r  3 b  CQUl b  p r 0 V id e  S U ch  a  r e s u l t  s i n c e  e x t e n -

tives (ref 4) but are not sufficiently different for the thiapyrones to be useful # , r i l i u • J
in the present investigation. slVG rC S irra n g C m C Ilt Oi £ lto m S  W OUld b 6  r6 Q U ir6 d .

(6) H. J .  Teague and W. P. Tucker, J .  Org. Chem., 32, 3140 (1967).
(7) Other examples illustrating this correlation and a theoretical discussion (8) L. M. Jackman, “Applications of Nuclear Magnetic Resonance

of it are found in a review by R . Mayer, W. Broy, and R. Zahradnik, Advan. Spectroscopy in Organic Chemistry,” Pergamon Press, New York, N. Y. 
Heterocycl. Chem. 8, 247 (1967). !959, Chapter 7.
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Experimental Section9 2,4-Dimethylthio-3,5-dimethyl-6-thiothiapyrone (9a).— The
preparation of this compound also followed the general procedure

2.6- Dimethylthio-3,5-diphenyl-4-thiapyrone (la ).—The prep- reported earlier.6 In contrast to the thiapyrone derivatives with
aration of this compound is described in ref 6 . phenyl groups in the 3 and 5 positions, 9a and 10a possessed

2.6- Dimethylthio-3,5-dimethyl-4-thiapyrone (lb ).—This com- nearly identical fit values in several solvent systems (chloroform,
pound was prepared in 67% yield by the method of Apitzsch, 10 chloroform-hexane, benzene) making purification by ptlc more 
mp 122-123° (lit.10 123°). difficult. Purification was accomplished using silica gel H with

2-Methylthio-3,5-diphenyl-6-hydroxy-4-thiapyrone (3a).—As ethyl acetate as developer. The 2-thiapyrone isomer (9a) moved
described by Schonberg, 2 a solution containing 2.0 g of la  and slightly ahead of the 4 isomer (10a) and could be isolated in pure
3 .0  g of potassium hydroxide in 60 ml of ethanol was refluxed for form by removing the top portion of the band (that portion
1 hr. The solution was acidified with dilute hydrochloric acid which was homogenous in 9a). Recrystallization from hexane
and allowed to stand for 1 day. The product which precipitated yielded a red solid, mp 88-90°.
was collected and dried. Recrystallization from benzene afforded Anal. Calcd for C9Hi2S4: 0 ,4 3 .5 1 ; H, 4.87. Found: C,
0.35 g (38.5%) of 3a as pale yellow crystals, mp 198-200° 43.40; H, 4.90.
(lit . 2 200°). 2-Methylthio-4-methoxy-3,5-diphenyl-6-thiothiapyrone (11).—

Anal. Calcd for C18H14O2S2: C ,6 6 .2 3 ; H, 4.32; S, 19.65. A solution of 100 mg of 4b and 90 mg of phosphorus pentasulfide 
Found: C, 66.44; H, 4.32; S, 19.40. in 30 ml of ¡o-dioxane was gently refluxed. The progress of the

Methylation of 3a.—Compound 3a (115.0 mg, 0.353 mmol) was reaction was followed by tic (silica gel H-chloroform) and the
added to a cold solution of diazomethane in ether and the solution reaction was continued until all starting material disappeared or
maintained at 0° for 24 hr. Slow evolution of nitrogen was until more than one product appeared. The solvent was removed
noted during this time. Removal of the solvent left a bright in vacuo and the reaction mixture leached with chloroform. This
yellow residue. This residue contained two compounds and was solution was concentrated and the products were separated by ptlc
separated by preparative thin layer chromatography (ptlc) (aluminum oxide G-ethyl acetate) yielding approximately 60
(silica gel H with chloroform as developer). The faster moving mg (57%) of 11. Recrystallization from methylene chloride-
band was yellow and yielded 90.2 mg (75%) of 2-methylthio- hexane gave red crystals, mp 150-152°.
3,5-diphenyl-4-methoxy-2-thiapyrone (4b); recrystallization from Anal. Calcd for Ci9Hi6OS3: C, 64.00; H, 4.50; S, 27.00; 
heptane gave bright yellow crystals, mp 151-153° (lit.2 153°). nuclidic mass, 356.0363. Found: C, 63.89; H, 4.39; S, 26.90;

Anal. Calcd for Ci9Hi60 2S2: C, 67.01; H, 4.72; nuclidic nuclidic mass, 356.0352.
mass, 340.0591. Found: C, 66.95; H, 4.61; nuclidic mass, Thermal Rearrangement of 11.—Under nitrogen, 50 mg of 11
340.0597. was heated at 150° for 30 min; some decomposition was evidenced

A second homogenous fraction, colorless, was removed from the by a foul odor and by evolution of a colored gas. After this time
silica gel and yielded 2 2 .2  mg (18.5%) of 2-methylthio-3,5- analysis by tic (silica gel H-chloroform) indicated that nearly all
diphenyl-6-methoxy-4-thiapyrone (3b); recrystallization from the red starting material had disappeared. The majority of the
acetonitrile gave white needles, mp 156-158°. residue was an almost colorless material; small amounts of

Anal. Calcd for Ci9Hi602S2: C, 67.01; H, 4.72; nuclidic other compounds also appeared. The major component (80%)
mass, 340.0591. Found: C, 6 6 .8 6 ; H, 4.90; nuclidic mass, was isolated by ptlc (silica gel H-chloroform). Recrystallization
340.0597. from ethyl acetate yielded light yellow crystals, mp 163-165°,

2,6-Dimethylthio-3,5-dimethyl-4-thiothiapyrone (10a).—This which proved to be la . The identity of this product and la  was
compound was prepared from lb by the general procedure pre- confirmed by tic (many different solvents systems) and mixture
viously reported.6 I t  was obtained in nearly quantitative yield; melting point, 163-165°, and verified by identical :r spectra,
recrystallization from acetonitrile yielded bright red needles, mp
176-178°. Registry No.— la, 2 4 0 9 7 - 2 9 - 8 ;  lb, 2 4 2 1 5 - 6 4 - 3 ;  3a,

A nal- ior CAinSi-. C, 43.51; H , 4.87. Fou nd: C, 2 4 0 9 7 - 3 0 - 1 ;  3b, 2 4 0 9 7 - 3 1 - 2 ;  4b, 2 4 0 9 7 - 3 2 - 3 ;  7b
’ ’ (R = CH3), 672-89-9; 7b (R = C6H6, 4225-45-0; 8b,

(R = CHa), 4225-42-7; 8b, (R =  C 6H5), 4225-43-8;
(9) Melting points were taken on a Thomas-Hoover melting point ap- q 94HQ7 *37 8* OH 941 A9 38 7* 1 Ha 941 A9 3Q 8

paratus and are uncorrected. Ultraviolet and visible spectra were measured ya> ¿410Z-95-/ J IUa,
in ethanol on a Beckman Model D K-2 spectrophotometer. The nmr spectra 10b, 1 4 1 7 2 - 8 1 - 7 ;  11, 2 4 0 9 7 - 3 9 - 0 ;  hydroxide ion,
were determined in deuteriochloroform on a Varian HA-100 spectrometer 1 4 2 8 0 - 3 0 -9
and are reported in parts per million downfield from tetramethylsilane
internal standard. Pertinent spectral data are included in Table I. Elemental Acknowledgment.— W e wish tO thank the National
analyses were performed by Galbraith Laboratories, Knoxville, Tenn. a  . _  ,  . .
High resolution mass spectral analyses were obtained on an Associated oClCDCG r  OUnCiatlOn tor a rGSGarch grant (CxP-7460)
Electrical Industries MS-902 instrument. The absorbants used in thin partially Supporting tllGSG StudiGS. W g also thank
layerchromatography separations were products of E. Merck (West Ger- D r Davi(J Rosenthal 0f t he Research Triangle Center

(10) h. Apitzsch, chem. Ber., as, 2888 (1905). for M ass Spectrom etry for the mass spectral analyses.
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The Tricyclo[6.3.0.04,8]undecane System 1

R obert L . Cargill and A. M . F oster 

Department o f Chemistry, University o f South Carolina, Columilia, South Carolina 29208

Received November IS, 1969

Cyclodehydration of bicyclo[4.3.0]non-l(9)-ene-6-acetic acid (4) or a mixture of syn- and <roh-tricyclo [4.3.1.01'6]- 
decane-10-carboxylic acid (IS) with polyphosphoric acid yields tricyclo[6.3.0.04'8]undec-3-en-2-one (6 ) as the 
sole volatile product. The structure of 6  is established by conversion into methyl spiroi4.4]nonanecarboxylate
(9). Some transformations of 6  are discussed.

Acid-catalyzed isomerizations have provided the Scheme I
only examples of the tricyclo [5.2.2.01'6]undecaue skele- r—
ton, neoclovene ( l ) 2 and ketone 2 .3 One synthetic I ^ X J  L / \ J
approach to  this carbon skeleton involves recognition j [ ■* |__j  *"
of the objective as an ethano-bridged hydrindan, 3. % 0  ^=>0 \  C 0 2R
Here we report the discovery of a rearrangement in ? 6
the cyclodehydration of acid 4, which led to the new 8a, R -
tricyclo[6.3.0.04'8]undecenone (6), rather than the de- b> R=CH3
sired tricyclo[5.2.0.01’6]undecenone (5). j

O f Q  C>0 OO
■c " A  / O r ~ \ \  f f  3. NaOH, H20 2 \
V M /  r i r  (  / Y \  0  4. Cr03 C 0 2CH3

I  ------O O  10 5. CH2N2 9

1 2  3

Cyclodehydration of acid 4 seemed a reasonable can- (corresponding to the trigonal C« removed by oxida-
didate for the preparation of ketone 5. In the event, tion) must be attached to the spiran through a car-
treatment of 4 with polyphosphoric acid (PPA) pro- bon-carbon double bond as well as to the carboxyl at
vided a single unsaturated ketone in 31%  yield. The Ci, such that a normal a ,0-unsaturated ketone results,
new ketone was assigned structure 6 after consideration Only at C2 and Co is this possible.7 The former posi-
of the spectral data,4 which show the presence of a tion is eliminated by the evidence already presented,
cyclopentenone bearing a single vinyl hydrogen, and therefore, structure 6 is firmly established,
that at the « position. Ketone 6 evidently arises by isomerization of acid 4

to the more stable 11, which then undergoes intramoiec- 
ular acylation followed by a Wagner-Meerwein shift 

-,n  „  I J  and proton elimination as is depicted in Scheme II.

C£> s™,n H
4 5 6 4 ^  ^ % 0,H -  . J L  -  6

Subsequent chem ical degradation confirmed our as- I
signm ent. C ataly tic  hydrogenation of 6 yields a cyclo- n  +
pentanone (7), and oxidation (periodate-perm anga- 12
n ate) yields a C 10 keto acid (8a) in which the ketone
function is a cyclopentanone. Wolff-Kishner reduc- Keto ester 8b was further characterized by reduction 
tion of the keto acid followed by esterification provides with sodium borohydride to yield lactone 13; oxidative
the new ester 9,5 which was identified by comparison decarboxylation of 8a with lead tetraacetate yielded
with an authentic sample prepared from ketone 10,6 the rearranged ketone 14. The latter may be consid-
as is outlined in Scheme I. The conversion of the new ered to arise via an acyl shift in the carbonium ion
ketone 6 into ester 9 by the sequence described defines formed by the decarboxylation of 8a.8
the positions of 10 of the 11 carbons unambiguously. __ _ __
T o  recon stru ct m entally the unknown ketone from  f  Y  J  C / \  J  L L _ y
ester 9 we need only consider that one trigonal carbon 'i_~ 8a’ 8b — * 1  + T

(1) We thank the National Science Foundation for generous support of 0 --- 0  0
this research. m t ,  r „  14

(2) (a) W. Parker, R . A. Raphael, and J .  S. Roberts, Tetrahedron Lett..
2313 (1965); (b) T . F . W. McKillop, J .  Martin, W. Parker, and J .  S. Roberts, ._______ _______
Chem. Commun., 162 (1967). , m  B i cli olefins having double bonds at the bridgeheads have been

(3) R . L. Cargill, M. E . Beckham, and J .  R . Damewood Abstracts, 155th (7.' Bicychc  ̂ and bicyclooctenes remain fugitive.
National Meeting of the American Chemical Society, San rancisco, a i ., ^   ̂ ^  and H Faubb 89 , 5965 (1967); J .  R . Wiseman,
April 1968, No. P179. gg 5966 (1967); J .  R . Wiseman, H. F. Chan, and C. J .  Ahola, ibid.,(4) See Experimental Section for spectral data.

(5) The acid corresponding to 9 was reported as an uncharacter,sed oil: 91 2 (^  ^  ^   ̂ Casanova. ib id„ 8B, 165 (1963); (b) G. Buchi,
N N. Chatterjee, J .  In d ian  Chem. Soc. 14, 259 (1937).  ̂ , , ,  -nr t u . . . l ; ¿hid an Q97

(6) R. K . Hill ¡nd R . T . Conley, Amcr. Chen. Soc., 82, 645 (1960). R . E . Erickson, and N. Wakabayashi, ibid., 83, 927 (1961).
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Our interest in the chemistry of the tricyclic system from the procedure of Burgstahler and Nordin.» The overall
, ,  , , , ,  i , % . , , „  „ yield of bicyclo[4.3.0]non-l(9)-ene-6-acetaldehyde from bicyclo-

represented by ketone 6 led us to develop a route to [4 .3 .o]non-l(6)-en-7-one was 30%: ir (CC14) 3020, 2700, and
that enone which is somewhat more efficient than is 1 7 2 0  cm "1; nmr (CPU) 8 9.50 (t, 1, J  =  2.5 Hz, -CH 2—CHO),
the cyclodehydration of 4  or 11. Acids 4  and 11 may 5 .2  (m, 1, -C H = C ).
be prepared by the method developed by Burgstah- Anal. Calcd for CnHieO: C, 80.44; H, 9.83. Found: C, 

ler-9 an elegant but somewhat time-consuming sequence. of 3.43 g of the above aldehyde in 300 ml of
Since isomerization of 4 to 11 must proceed via ion acetone and 10o ml of water was added 12 ml of stock chromic
16, we considered that the cyclopropyl acids 15,10 which anhydride solution (prepared from 27 g of chromic anhydride and
are more readily available than are acids 4 or 11, 23 ml of sulfuric acid diluted to 100  ml with water) and the result-
would undergo acid-catalyzed ring opening to yield ing mixture was stirred at 25° for 7 hr. Aqueous sodium car-

T , , • , . ___ • . A bonate solution was added and the mixture was washed twice with
acid 11 and subsequent ring closure to give 6. pentarie. The aqueous portion was acidified with hydrochloric
Indeed, ketone 6  was obtained in 60% yield when acids acid> saturated with sodium chloride, and extracted three times
15 were heated in PPA at 100° for 45 min. The cyclo- with ether. The combined ethereal extracts were dried and
dehydration of acids 15 provides another example of concentrated to yield 3.16 g of crude bicyclo[4.3.0]non-l(9)-ene-
the utilization of a cyclopropane ring to introduce an 6 -acetic acid (4): ir (neat) 3600-2600 and 1710 cm" 1 Estenfica-

, , F n tion wuth diazomethane gave the methyl ester (single compound
angular substituent on a polycyclic nucleus. by glpc). ir (neat) 30 30  and 1 7 3 5  cm- i ; nmr (CCh) 5 5.14 (m,

,,n „  n n u  1, -C H = C ) and 3.53 (s, 3, -C 0 2CH3).
j -----C02H U l2n  AnaL Caiod for Ci2H180 2: C, 74.19; H, 9.35. Found: C,

-----1 — *  [ I — *■ 11 — * 6  74.22: H, 9.23.
Periodate-Permanganate Cleavage of Acid 4.—To a solution 

of 1.44 g of sodium periodate, 0.0179 g of potassium permanga- 
*6 16 nate, 0.350 g of potassium carbonate, and 340 ml of water was

added 0.152 g of 4 in 1 ml of ether. The mixture was stirred at
Saturated ketone 7 is readily converted into the 25° for 2 days, 0.1 g of sodium hydroxide was added, and the 

monoolefin 17 by the method of Shapiro.12 The nmr alkaline solution was washed twice with pentane. The aqueous
spectrum of olefin 17 (see Experimental Section), which solution was acidified with sulfuric acid, saturated with sodium
strongly  ind icates C 2 m olecular sym m etry  in  th a t  olefin, ^ w ^ d S ^ ^ n S  S
provides support for th e  stereochem ical assignm ents l-(carboxymethyl)-2 -oxocyclohexanepropionie acid: ir (CCU)
shown in  form ulas 7 and 17. 3600-2500 and 1715 cm“1. Esterification with diazomethane

gave the keto diester (purity greater than 90% by glpc): ir
o  .- " " I  .0  ^ '- '" 1  (CCh) 1735 and 1710 cm“1; nmr (CC14) S 3.55 (s, 6 , -C 0 2CH3).

r % _  _ /  | /--------f  IT I / = = \  tt Anal. Calcd for Ci3H2„05: C, 60.92; H, 7.87. Found: C,
I f  \ k /  \>*H S k  60.91; H, 8.14.

'’ ^ ^ 1  Tricyclo [6.3.0.04'8] undec-3-en-2-one (6).—A mixture of 2.78 g
| H ______I H ---------1 of crude 4  and 53 g of polyphosphorie acid was heated at 100°

_ jy for 2 hr with occasional stirring. The reaction mixture was
” 7 quenched with ice and extracted three times with pentane.

The transformations of ketone 6 described here pro- The C1'ganic Portion, was washed with sodium bicarbonate and 
. , ,, , . 0 , j  r, j i saturated sodium chloride solutions, dried, coneen.rated, and

vide paths to _1,^ su b stitu ted  spiro [4.4 [nonanes as chroiratographed over alumina with 25% ether in pentane.
well as the basis for further exploration of the chemis- The eluate was concentrated and distilled to give 0.784 g (31%) of
try of the tricyclo[6.3.0.04'8]undecane system, including tricyclo[6.3.0.04'8]undec-3-en-2-one (6): bp 80° (0.5 Torr); ir
the synthesis of the chiral diene 18. We shall report (CCh.) 1710 and 1635 cm“1; nmr (CCh) s 5.61 (brs, l, -C H = C ] ;
further on our efforts to prepare diene 18 In addition, uv̂  c[ 8^ ;  ^1 , 8.70. Found: C,
other variations of our previously outlined approach 81.49; H, 8.59.
to the tricyclo  [5 .2 .0.O ^ Ju nd ecane system  (see fo r- Tricyclo[6.3.0.04.*]undecan-2-one (7).—Catalytic hydrogena-
m ula 3) w ill be described in  subsequent papers. tion (5% palladium on charcoal) of 1.10 g of 6 yielded 0.99 g of

distilled tricyclo[6.3.0.04’8]undecan-2-one (7): bp 61° (0.3 Torr); 
r ~ Z l  ir (CCh) 1735 cm“1.

[I \ Anal. Calcd for C„H160 :  C, 80.44; H, 9.83. Found: C,
80.54; H, 9.67.

___ J  Periodate-Permanganate Cleavage of 6.—To a solution of 3.80
g of sodium periodate, 0.050 g of potassium permanganate, 
0.913 g of potassium carbonate, and 890 ml of water was added 

. . _  .. 13 0.353 g of 6 in 0.5 ml of ether. After 2.5 days the reaction was
E xp erim en tal s e c tio n  • worked up as previously described. The crude product was

Bicyclo[4.3.0]non-1 (9)-ene-6-acetic Acid (4).—The correspond- crystallized from n-hexane (charcoal), giving 0.208 g of cfs-6 -
ing aldehyde was prepared through an angular alkylaton adapted oxospiro[4.4]nonanecarboxyhc acid (8a , mp 70-72 . A pure

sample was obtained after two recrystallizations from n-hexane: 
mp 71-71.5°; ir (CCh) 3600-2400, 1740, and 1715 cm“1.

(9) A. W. Burgstahler and I. C. Nordin, J. Amer. Chem. Soc., 83, 198 Anal. Calcd for C10H14O3: C, 65.91; H, 7.74. Found: C,
(1961). g5  9 5 - H 7 72

(10) H .O . House and C. J .  Blankley J  Org Chem. 3 3 ,4 7  (1988) Esterification with diazomethane gave the corresponding
(11) For some examples see (a) ref 10; (b) J .  J .  bims, ib ia ., 32, 1/51 , , , . N 1- Ar. A 1(79r nwk—i.   ̂ x

(1967) ; (C) J .  J .  Sims, / .  Amer. Chem. S o c ,87, 3511 (1965); (d) T. Hanafusa, methyl ester 8b: K (CCh) 1740 and 1735 cm b nmr (CCh) 8
L. Birladeanu, and S. Winstein, ibid., 87, 3510 (1965); (e) D . J .  Beames and 3.52 (s, 3).
L. N. Mander, Chem. Commun., 498 (1969); (f) R . D. Stiptanovic and Anal. Calcd for C 11H 15O 3: C , 67.32; H , 8.22. Found: C,
R . B . Turner, J .  Org. Chem., 33, 3261 (1968), and J .  J .  Sims and V. K . Hon- 67.46; H, 8.47. 
wad, ib id ., 34, 496 (1969). ______________

(12) R . H. Shapiro and M . J . Heath, J .  Amer. Chem. Soc., 89, 5734 (1967).
(13) All boiling points and melting points are uncorrected. Microanalyses tetramethylsilane as an internal standard using a Varian A-60 nmr spectrom-

were performed by Bernhardt Microanalytisches Laboratorium, West eter. Analytical gas-liquid partition chromatograms were determined
Germany, or by Gailbraith Laboratories, Inc., Knoxville, Tenn. Infrared using a Varian Aerograph Model 1200 chromatograph, and preparative
spectra were determined in carbon tetrachloride unless otherwise stated, glpc separations were conducted using a Varian Aerograpn 90-P-3 chromato
using either a Perkin-Elmer Model 337 or 257 grating spectrophotometer. graph. Liquid samples were purified for combustion analysis by glpc
All nmr spectra were determined in carbon tetrachloride containing 5%  followed by vacuum distillation onto a cold finger.
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Modified Wolff-Kishner Reduction of Keto Acid 8a.—To a Lithium aluminum hydride reduction of 9 regenerated hydroxy- 
solution of 0.21 g of potassium hydroxide, 0.15 ml of hydrazine methylspiro[4.4]nonane.
hydrate, and 1.5 ml of diethylene glycol was added 0.20 g of 8a. Oxidative Decarboxylation of Keto Acid 8a.—A solution of 
The solution was heated under reflux for 1 hr, and then the 0.100 g of 8a, 0.D7 ml of pyridine, and 0.211 g of lead tetraacetate
temperature was raised to 190-200°. After an additional 2 hr in 1.5 ml of benzene was stirred with gentle refluxing under a
the volatile material had been removed and the reaction was nitrogen atmosphere for 7 hr. The reaction mixture was eluted
cooled, dilute hydrochloric acid was added, and the mixture was from alumina with ether and the eluate was washed twice with
extracted with ether. The ethereal extract was dried and con- 1 N  sodium hydroxide, twice with brine, twice with 1 N  hydro-
centrated to give 0.18 g of crude spiro[4.4]nonanecarboxylic chloric acid, and twice again with brine. Removal of solvent
acid. Esterification with diazomethane gave methyl spiro[4.4]- gave exclusively the known bicyclo[4.3.0]non-l(6)-en-2-one
nonanecaTboxylate (9) (see below). (14).16

Methylenespiro[4.4]nonane.—The conversion of 11.06 g of Cyclodehydration of Acids 15.10—A mixture of 4.60 g of acids
spiro[4.4]nonanone14 (10) into the methylene analog was carried 15 and 90 g of polyphosphoric acid was stirred at 100° for 45 min.
out with methylenetriphenylphosphorane in dimethyl sulfoxide The reaction was worked up as previously described, yielding 2.41
according to the procedure of Corey.15 A yield of 8.02 g of g of distilled tricyclo[6.3.0.04'8]undec-3-en-2-one (6 ).
methylenespiro[4.4]nonane was obtained: bp 78° (25 Torr); Tricyclo[6.6.C.04'8]undec-2-ene (17).—A solution of 0.627 g
ir (CCh) 3069, 1655, and 880 cm-1; nmr (CCh) 8 4.67 (s, 2 , of tricyclo[6.3.0.04'8]undecan-2-one (7), 0.760 g of tosylhydra- 
> C = C H 2), 2.28 (m, 2 ), and 1.56 (s, 1 2 ). zide, and 0.03 ml of hydrochloric acid in 3 ml of ethanol was

Anal. Calcd for CioHi6: C, 88.16; H, 11.84. Found: C, refluxed for 1 hr and then allowed to stand at 25° overnight.
88.38; H, 11.61. Removal of solvent gave crude tosylhydrazone, which was

Hydroxymethylspiro[4.4]nonane.—To a solution of 4.0 g of dissolved in 25 ml of ether and treated with 7.6 ml of 2.0 M
methylenespiro[4.4]nonane and 0.42 g of sodium borohydride n-butyllithium. Gas evolution was evident; after 10 min 25
in 25 ml of diglyme maintained at 0 ° was added dropwise with ml of water was added and the mixture was extracted twice with
stirring 1.85 ml of boron trifluoride etherate. The reaction pentane. The dried organic portion was concentrated and the
mixture was warmed to 25° and stirring was continued for 1 hr. residue was distilled (0.5 Torr, bath temperature 90°) to give
Then 3.1 ml of 3 N sodium hydroxide was added followed by 3.1 0.232 g (41%) of tricyelo[6.3.0.04-8]undec-2-ene (17): ir (CCh)
ml of 30% hydrogen peroxide and the solution was stirred for 3025 cm-1; nmr (CCh) 8 5.31 (s, 2 , H C =C H ), 2.59 (m, 2), and
30 min. The resulting mixture was poured into 100 ml of water 1.51 (br s, 12).
and was extracted with ether. The organic portion was washed Anal. Calcd for CnHje: C, 89.12; H, 10.88. Found: C,
twice with ice water, dried, and concentrated to give 5.47 g of 89.05; H, 11.00.
crude hydroxymethylspiro[4.4]nonane: bp 60° (0.5 Torr); ir cis,m -6 -Hydroxyspiro[4.4]nonane-l-carboxylic Acid Lactone
(CCh) 3610 and 3500-3200 cm“1; nmr (CC14) 8 3.40 (m, 2 (13).—To a stirred solution of 0 .2 2  g of keto ester 8b in 3.2 ml
CH2OH) and 3.35 (s, 1, -O H ). of methanol at 0° was added 25 mg of sodium borohydride.

Anal. Calcd for CioH,80 :  C, 77.86; H, 11.76. Found: C, After 30 min 3 ml of dilute hydrochloric acid was added and the
77.74; H, 11.92. mixture was extracted with ether. The ethereal extract was

Methyl Spiro[4 .4 ]nonanecarboxvlate (9).—To an ice-cooled concentrated to give crude cfs,cfs-6-hydroxyspiro[4.4]nonane-l-
solution of 1.46 g of hydroxymethyispiro[4.4]nonane in 9.3 ml of carboxylic acid lactone (13) containing an uncharacterized ester
aqueous sulfuric-acetic acid (prepared from 5 ml of sulfuric acid impurity. The crude product was refluxed for 5 hr in 10%
and 10 ml of water diluted to 50 ml with acetic acid) was added aqueous sodium hydroxide. The mixture was neutralized with
at once 8.2 ml of chromic anhydride solution (prepared from dilute hydrochloric acid and extracted with ether. The organic
12.5 g of chromic anhydride in 12.5 ml of water diluted to 50 ml layer was washed twice with sodium bicarbonate, dried, eon-
with acetic acid). The mixture was stirred at 25° for 4 hr and centrated, and collected by glpc (DEGS) to give 0.079 g of cis,cis- 
and then heated to 100° for 0.5 hr. Approximately 50 ml of hydroxyspiro[4 .4 ]nonane-l-carboxylic acid lactone (13): ir
water was added and the mixture was extracted three times with (CCh) 1775 cm“1; nmr (CCh) 8 4.27 (m, 1 , HCO).
ether. The ethereal portion was extracted three times with 1 A Anal. Calcd for CioHu0 2: 0 ,7 2 .2 6 ; H, 8.49. Found: C,
sodium hydroxide, and the alkaline solution was washed with 72.47; H, 8.57. 
hexane and then acidified with sulfuric acid. The resulting
emulsion was extracted twice with pentane and the organic Registry No.— B icy clo  [4 .3 .0  ]n o n -l(9 )-en e-6 -aceta id e- 
portion was dried and concentrated to yield 0.725 g (40% from hyde, 24097 -40 -3 ; l-(carboxym ethyl)-2-O XO Cyclohexane-
10) of spiro [4.4] nonanecarboxylic acid Esterification with propionic acid d im ethyl ester, 24097 -4 2 -5 ; m ethylene-
diazomethane gave methyl spiro[4.4 nonancarboxyiate (9) . , -\c\\AA ha a -
(single compound by glpc): ir (CCh) 1735 cm“1; nmr (CCh) 5 spiro [4.4 [nonane 19144-06-0 hydroxymethylsp ro-
3 52 (s 3) [4.4]nonane, 24097-45-8; methyl ester of 4, 24097-41-4;

'Anai. Calcd for C„H180 2: C, 72.49; H, 9.96. Found: C, 6 , 24097 -43 -6 ; 7, 24215 -6 7 -6 ; 8a, 2 4 0 9 7 -7 5 -4 ; 8b,
72.67; H, 9-90 . 24097-76-5  ; 9, 24097 -4 6 -9 ; 13, 24097 -7 7 -6 ; 17,

(14) R. K. Hill and R. T. Conley, J .  Amer. Chem. Soc., 82, 645 (1960). 24097-78-7.
(15) R. Greenwald, M. Chaykovsky, and E. J .  Corey, J .  Org. Chem., 28,

1128 (1963) (16) E' K' Hill and R. T. Conley, Chem. Ind. (London), 1314 (1956).
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Novel Dimeric Products from  10-M ethyleneanthrone1

W. H. Starnes, J r.

Esso Research and Engineering Company, Baytown Research and Development Division, Baytown, Texas 77520

Received October 20, 1969

l,2-Dihydro-7-ethoxy-3H-benz[rfe]anthraoene-3-spiro-10'-anthrone (7a) is shown to be a major by-product 
(14% yield) of the reaction of 10 -methyleneanthrone (4) with triethyl phosphite (1 molar equiv) at 95°. Mech
anistic studies suggest that 7a is formed via a path involving Diels—Alder dimerization of 4, abstraction of a proton 
from the dimer, and alkylation of the resulting anion with a phosphonium betaine generated in situ. In contrast 
to a literature report, oxidation of 9-methoxy-10-methylanthracene (13) with anhydrous cupric chloride (2 molar 
equiv) in refluxing benzene or carbon tetrachloride gives l,2-dihydro-7-methoxy-3H-benz[de]anthracene-3- 
spiro-lO'-anthrone (7b) as the major product (co. 60-70%  yield). Spiroanthrones 7a and 7b can also be pre
pared in co. 50% yield by reaction of 4 with an excess of ethyl iodide or methyl iodide in hot methanolic sodium 
methoxide. Oxidation of 4 with molecular oxygen occurs readily in benzene at 24-25° and gives anthraquinone
(17), spiro[anthracene-9(10H),2'-oxiran]-10-one (18), and other products. The dimerization tendency and 
autoxidative susceptibility of 4 thus appear to be greater than has been realized heretofore.

The reaction of triethyl phosphite with quinone phorusN' Suspecting that this by-product might be 
methide 1 was described in the previous paper of this an impure dimer resulting from phosphite-catalyzed

condensation of the quinone methide, we felt that a 
0  0  OH brief reinvestigation of this reaction would be of special

. II . . interest in connection with our related studies on 1.
t t l P  T P  i l l  The present paper is concerned with the identification

and mechanism of formation of a dimeric species de
ll T + r u —pcnv rived from 4 and triethyl phosphite and with the pro-
cH2 CH2P(OEt)3 C — ( t)3 duction of analogous dimers in certain related reactions.
1 2  3

series.lb Phosphite-catalyzed dimerization of 1 was Results and Discussion
shown to be the major reaction path, and betaine 2 and Reaction of 10-Methyleneanthrone (4) with Triethyl 
ylide 3 were implicated as key intermediates.lb During Phosphite.—This reaction was carried out under condi-
the course of this work,lb the reaction of triethyl phos- tions very similar to those employed by Arbuzov, et
phite with another p-quinone methide, 10-methylene- ab 2b Work-up2b afforded a yellow solid that did not
anthrone (4), was described in two independent re- contain phosphorus and was conclusively identified
ports.2 In both cases the only identified product was as l,2-dihydro-7-ethoxy-3H-benz[efe]anthracene-3-
phosphonate 6 (yield, 612a or 18% 2b),3 a substance spiro-lO'-anthrone (7a, 14% yield) by various spectro-
whose precursor was evidently betaine 5 .2a A product metric measurements (Experimental Section). The

9  OR

C X X j  + P(0Et)3 ~* ( ^ Y Y >  OP(OEt)3

cH2 q ^ q

6  1  OEt 0  J  CHZ

7a,R =  Et 8

b, R = Me

CH2P(OEt)3 CH2P(OEt)2 Pure spiroanthrone melts at 236-237.5°, and its ele-
+ J  || mental composition is similar to that of the Russian

5 O workers’ product ;2b whether the two substances are, in
6 fact, the same cannot be ascertained at present.

. . , . ,, A plausible mechanism for the formation of 7a is
analogous to 6 had not been obtained from betaine 2;>b ghown in Scheme L Reaction i is consistent with the
however, this result did not seem particularly surpns- well_established behavior of 4 as a Diels-Alder diene.*
mg, since it appeared readily rationahzable in terms of Additions of 4 to other diene systems have apparently
stenc factors Of greater significance was the finding not been observed viousl although the ability of 
that the reaction of triethyl phosphite with 4 also gave inone methide 1 tQ function ag dien hile has been
a by-product, mp 218-220 , that did not contarn phos- adequately demonstrated.* It might be supposed that

(1) (a) Paper vi of a series on oxidation inhibitors, (b) Paper V: w. h . reaction 1 is actually catalyzed by triethyl phosphite in a
Starnes, J r  j . a Myers and J J. Lauff, j . Org chem., 34, 3404 (1969). ■ pr0Cess involving three steps: formation of betaine 8
(c) Jr resented a t the 25th southwest Regional Meeting of the American 7, . 1 .
Chemical Society, Tuisa, okia., Dec 4- 6,1969 . f r o m  t h e  p h o s p h i t e  a n d  4 ,  a d d i t i o n  o f  t h e  c a r b a m o n

(2) (a) A. N. Al-Khafaji, Ph.D . Dissertation, University of Texas,
Austin, Texas, 1966; (b) B. A. Arbuzov, V. M. Zoroastrova, and N. D. (4) See, inter alia, (a) J .  A. Norton, Chem. Rev., 31, 319 (1942), and ref-
Ibragimova, Bull. Acad. Sci. USSR, Div. Chem. Sci., 687 (1967). erences therein; (b) I .  T. Millar and K. E . Richards, J .  Chem. Soc., C, 855

(3) These yields are recalculated values based on the actual numerical (1967).
data of ref 2a and b. (5) J. D. McClure, J .  Org. Chem., 27, 2365 (1962).
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S c h e m e  I employed for reaction of the phosphite with 4. An
0 nmr spectral comparison vs. authentic 9-ethoxy-10-
II methylanthracene (12, prepared by alkylation of 11

i| j| with diethyl sulfate in ethanolic potassium hydroxide)
jL  Jl J  showed that this ether was not formed in the reaction

(i) I iHHj || with 11. Furthermore, no phenetole was formed in
2 4 J?ase the reaction with phenol, a result consistent with the

I (2) phosphite’s failure to alkylate hydroquinone under
\l more vigorous conditions.6 In view of these facts, an

L  J) Arbuzov-type reaction between anion 10 and pro-
: o tonated triethyl phosphite seems highly unlikely. On

the other hand, alkylation of 10 by betaine 5 (or this 
0  betaine’s conjugate acid) is a very reasonable pos-

sibility. The apparent conversion of 5 to 6 constitutes 
| 'j "] "'| a very close analogy for such a reaction, and another

__ a)kylating analogy is provided by the well-documented formation
/  \ I I  ------- —► 7a or 7b of phenetole from phenol and various alkyltriethoxy-
«—f  phosphonium betaines.7

\— /  \  In summary, it appears that the mechanism of
O Scheme I adequately accounts for spiroanthrone for-

10 mation in the reactions of 4 discussed above. In both
cases the Diels-Alder dimerization of 4 (reaction 1) 

moiety of 8 to the methylene group of a second quinone probably occurs spontaneously and reveisibly. In the
methide molecule, and internal cyclization of the newly reaction with triethyl phosphite, either betaine 5 or t e
formed betaine to form 9 and regenerate the phosphite. phosphite itself could serve as the requisite base (re-
Although this sequence cannot be rigorously excluded, action 2), and in this system anion 10 is probably alkyl-
it seems rather unlikely in view of the phosphite’s ap- atecJ (reaction 3) by betaine 5 and/or this betaine s
parent preference for addition to the methylene group conjugate acid. Reaction 2 might also be significant y
of 4 (as demonstrated by the isolation of 6 ).2 Also reversible under certain conditions; however protona-
applicable here are some of our previous arguments tion of 10 on C-3a (the labile proton s original point o
against the addition of triethyl phosphite to the car- attachment) seems much less likely than protonation
bonyl group of l . Ib Furthermore, postulation of a of 10 on anionic oxygen or on C-llb.
catalyzed dimerization of 4 actually seems unnecessary, Spiroanthrone 7b from Oxidation of 9-Methoxy- 
since spontaneous dimerization apparently does occur methylanthracene (13) with Anhydrous Cupric o-
in a closely related reaction. First described by Al- ^de. While the present investigation was m progress,
Khafaji,2a the reaction in question ensues when 4 and Nonhebel and Russell8 reported the formation o a
an alkyl iodide are heated together in methanolic so- novel dimeric product in oxidations of ant racene
dium methoxide. If ethyl iodide is employed, the with cuPrjc chloride or cupric bromide. Obtained m
product is spiroanthrone 7a.2a This result is clearly 65-77%  yield, the dimer was considered to be 4, even
best accounted for by the mechanism of Scheme I though its nmr spectrum failed to show coupling of Ha
(alkylating agent =  E t l ) ,2a with reaction 1 occurring with protons of the adjacent methylene group. Since
in a spontaneous manner. In the present work Al- QMe
Khafaji’s preparation of 7a was repeated and found to l
give a product identical with that obtained from 4 and 
triethyl phosphite. Moreover, we also found that 4
was not converted to 9 (or other dimeric products) by |
refluxing in  methanol alone. These observations in- Me
dicate tha t reaction 1 is reversible and tha t the equilib- 13
rium  lies far to the le ft under the conditions employed. z— ^  / ~ \  j Cuci2

In the reaction of 4 with triethyl phosphite, conver- ( __ )  CH \__ /
sion of 9 to 7a might be considered to involve /  V  V q ^  7b
abstraction of the labile proton of 9 by the phosphite e \  / /  2 t ~
(reaction 2), followed by reaction of the protonated /  \  a/  \
phosphite with anion 10 to form diethyl phosphite and \ _ /  \ -Jf
7a (reaction 3). The feasibility of this sequence was 14
tested by examining the behavior of triethyl phosphite thg spectral properties reported for this dimer were quite 
toward two model compounds, 10-methylanthrone (11) similar to those expected for spiroanthrone 7b, a re-
and phenol, under conditions identical with those investigation of the structure of 14 was of obvious

q  OEt interest within the context of the present wTork. The
II p(QEt)„ I results of Nonhebel and Russell could not be checked

^  ■'W directly, since these workers did not report the melting

x KO H ,EtOH ^- v A GiDsburg and A. Y . Yakubovich, J .  Gen. Chem. USSR. 30, 3944
Me H (Eto)jSO. I ( i 960).

M e (7) R . G. Harvey, Tetrahedron, 22, 2561 (1966).
“  12 (8) D. C. Nonhebel and J. A. Russell, Chem. Ind. (London), 1841 (1968).
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point of their product or give details for its preparation. cordingly, a suspension of 4 in benzene was stirred for
However, Nonhebel had previously described a general several days in the dark at room temperature under an
procedure for oxidation of aromatics with cupric atmosphere of pure oxygen. A considerable amount of
halides.9 Using this procedure, we oxidized 13 with oxygen (0.45 mol/mol of 4) was absorbed, and the
anhydrous cupric chloride in benzene and obtained a product mixture was found to contain appreciable
product (approximate yield, 60-70% ) that was con- quantities of anthraquinone (17) and spiro [anthra-
clusively identified as spiroanthrone 7b by appropriate cene-9(10H),2'-oxiran]-10-one (18). The presence
spectral measurements (Experimental Section). An
oxidation in carbon tetrachloride gave a similar result, 0  0
and no evidence could be obtained for the presence of c
14 in either of the product mixtures. Compound 7b 4 -A- f F  | J -p f  jj | 4- ° ^ er
prepared in this way had mp 221-222°, whereas mp products
237-239° was observed for a reference sample prepared q 0
from 4 by the method of Al-Khafaji.2a However, the 17 18
ir spectra of the two samples were identical in every
respect, and their nmr spectra were also superimposable. of its characteristic odor indicated that formaldehyde
The materials were therefore considered to be different was also a product, and the formation of 16 was sug-
crystalline modifications of 7b, a conclusion that was gested by a positive peroxide test and the presence of a
further substantiated by conversion of the high-melting sharp nmr singlet whose chemical shift (5 2.14 ppm) fell
form to the low-melting form upon recrystallization, within the range expected for resonance by the methy-
using the low-melting form for seeding. Structures 7b lene protons of the cyclic peroxide. On the assumption
and 14 have similar elemental compositions, and the that 16 was actually present, the yields of 16, 17, 18,
spectral properties reported for 14 differ from those of and recovered 4 were estimated from nmr measurements
7b in only one significant respect: the integrated in- as 17, 34, 35, and 23%, respectively. Although these
tensities for the aromatic and methoxyl protons, as results cannot be regarded as conclusive evidence for
determined by nmr.8 It therefore appears that the the spontaneous formation of 15, they do demonstrate
compound thought8 to be 14 may actually have been 7b, the occurrence of an interesting autoxidation12 which
although this conclusion cannot be drawn with cer- was apparen tly not detected by previous -workers,
tainty in the absence of additional information relating 10-Methyleneanthrone (4) has been frequently referred 
to the results of Nonhebel and Russell.8 to in the literature as being the only extant example

The mechanism for conversion of 13 to 7b is obscure. of a stable (isolable) quinone methide containing an
A possible path (not necessarily the preferred one) unsubstituted exo-methylene moiety.13 It now appears
would involve oxidative cyclization of 14. that the Diels-Alder dimerization of 4 is actually quite

Oxidation of 10-Methyleneanthrone (4) withMolecu- facile (though highly reversible), and that this quinone
lar Oxygen. —The spontaneous dimerization-dispropor- methide is more susceptible to autoxidation than has
tionation of quinone methide 1 proceeds v ia  a bis- been realized heretofore.14 
phenoxy radical intermediate.10 This observation sug-
gests Jhe possible intermediacy of an analogous di- Experimental Section18
radical (15) m the spontaneous conversion of 4 to 9.
Reaction of 15 with molecular oxygen might be expected Materials.—Triethyl phosphite was distilled in vacuo under 
to yield peroxide 16, a substance which, in fact, has been nitr°gen and stored under nitrogen at - 15°; it contained no

impurities detectable by nmr or vpc analysis. Benzene was
.— . ___ dried over sodium ribbon. Anhydrous cupric chloride was

/  \  M \  prepared by heating the dihydrate under vacuum at 110°. The
\ /  \ __/  other chemicals used were either highly purified articles of com-

q /  \  „ „  „ „  /  \ merce or materials prepared by standard literature procedures, as
\  //  ^ 2 - \  / /  indicated below. Purities were verified by spectral measurements,
/  \  \ vpc analyses, and the determination of appropriate physical
\  /  \  constants.

^  (12) Noteworthy features of this oxidation are the relatively high yield
of 18 and the apparent absence of 10-methyleneanthrone polyperoxide from 

^  ft  ^  the products. Possible routes to the autoxidation products of 4 are sug-
{  /  {  )  gested by M ayo’s work on the autoxidation of styrene [F. R . Mayo, J .
V >---------v / = = \ Amer. Chem. Soc., 80, 2465 (1958), and references therein], but firm mech-

0 = /  V  V  \— q  anistic conclusions are obviously unwarranted in the absence of additional
A/\  /  information.

/  \  ^  U /  \  (13) See, inter alia, ref 2a and 4b, and A. B. Turner, Quart. Rev. (London),

\  /  \  /  18’ 347 (1964)‘
'----' ' --------' (14) For an earlier comment on the autoxidative stability of 4, see P. L.

16 Julian, W. Cole, and T . F . Wood, J .  Amer. Chem. Soc., 57, 2508 (1935).
(15) Melting points were determined with a Fisher-Johns apparatus and 

reported to result from the photooxidation of 4 .11 In are uncorrected. Elemental analyses were performed by Galbraith Labora-
v im v  - 1 ___ . i __ _", j  ,1 , tones, Inc., Knoxville, Tenn. Drierite was used as the drying agent for

e t these considerations, it  appeared tha t an oxygen organic solutions. Evaporations were done on rotary evaporators at room
trapping experiment m ight provide evidence for the temperature under 5-10-mm pressure. Infrared, 100-MHz nmr, and high
spontaneous (nonphotochemical) formation of 15. Ac- r*e;° !utio“ 8Peo‘rai'™re °̂ tained with perWn-Eimer Model 21, varian

Mode- HA-100, and A EI MS-9 spectrometers, respectively. The nmr 
_ measurements were made at ambient temperature on dilute solutions con-

(9) . C. Nonhebel, J .  Chem. Soc., 1216 (1963). taining TM S for internal standardization. Abbreviations used for nmr peak
(10) R . H. Bauer and G. M. Coppinger, Tetrahedron, 19, 1201 (1963); multiplicities are s (singlet), t (triplet), q (quartet), and m (multiplet).

N. P. Neureiter, J .  Org. Chem., 28, 3486 (1963); B . R. Loy, ibid., 31, 2386 Exact mass measurements are referred to C *  12 amu. A major part of the
(1966). instrumental analytical work was done by the Analytical Division of this

(11) A. Mustafa and A. M. Islam, J .  Chem. Soc., S81 (1949). laboratory.
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10-M ethyleneanthrone (4 ).— The standard method of synthe- for 1.0 hr, cooled to room temperature, and then evaporated
sis for 4 involves the condensation of anthrone with formalde- under vacuum. The semisolid residue (0.70 g) was not subjected
hyde.16 Despite various attempts to improve this prepara- to purification. However, the absence of 9-ethoxy-10-methyl-
tion , 17'18 it  is still reported to give inconsistent results.4b In our anthracene ( 1 2 ) and other 10-methylanthracene derivatives was
hands the method of B arnett and Matthews17 afforded a product conclusively shown by nmr analysis (C6D 6) of the total product
containing anthraquinone as a major impurity (analysis by nmr mixture, using a pure sample of 12 {vide infra) for comparison,
and high resolution mass spectrometry). Recognition of this 9-Ethoxy-10-m ethylanthracene ( 1 2 ).— This preparation was
difficulty led to development of the following procedure, which carried out under nitrogen. A 10-ml portion of a solution of
consistently gave 4 containing no impurities detectable by nmr potassium hydroxide (5.6 g, 0.10 mol) in absolute ethanol (100
analysis. ml) was added to 2.00 g (9.60 mmol) of 11 dissolved in absolute

A mixture of anthrone (25.00 g, 0.129 mol) and methanol ethanol (20 m l), and the resulting dark red-brown solution was
(125 ml) was thoroughly degassed by bubbling with nitrogen and heated to 50°, with stirring. Diethyl sulfate (2 ml) was then
then heated to reflux, with stirring. After addition of piperidine added, and stirring was continued at 50° until the color of the
(0.75 ml), a 37%  solution of formaldehyde (35 ml, 0.47 mol) was mixture changed to pale yellow (5-10 min required). Increments
introduced during 5 min while refluxing and nitrogen bubbling of potassium hydroxide solution and diethyl sulfate were added
were continued. The well-stirred mixture was refluxed under alternately at 50° in a similar manner until all of the base and 20
nitrogen for an additional 10 min, cooled to room temperature, ml (23 g, 0.15 mol) of the sulfate had been introduced. The last
and allowed to stand under nitrogen until precipitation appeared portion of base caused very little color change, an observation
complete. The crude solid was then recovered by filtration and indicating that essentially all of 11 had reacted. After cooling
washed several times with cold ( — 56°) methanol; in typical runs to room temperature, the mixture was filtered, and the recovered
this solid weighed 12-15 g. Recrystallization from cyclohexane, solid (largely inorganic) was washed several times with fresh
with filtering of the hot solution to remove a small amount of an portions of absolute ethanol. The filtrate and washings were
insoluble impurity, gave 8 .3 -10 .5  g (31-39% ) of pure 4 as pale combined, concentrated by boiling, and diluted with water until
golden platelets: mp 147-148° (lit .16 mp 148°); nmr (CD Ch) the boiling solution exhibited a slight turbidity. Cooling yielded
S 6.22 (s, 2, = C H 2) and 7 .3 -8 .4  ppm (m, 8 , aromatic H ). a precipitate, which wasrecovered in the usual way. This material

Reaction of 4 with Triethyl Phosphite.— Triethyl phosphite weighed 1.80 g (79% ), melted a t 88 .5 -9 1 .5 ° , and was shown to
(1.61 g, 9.69 mmol) was added to a slurry of finely powdered 4 be essentially pure 12 by nmr analysis. Recrystallization of the
(2.00 g, 9.70 mmol) in methylene chloride (2.0 m l), and thestirred product from acueous methanol, followed by two recrystalliza-
mixture was gradually heated to 95° during 10 min. After an tions from methanol alone, gave pale golden flakes of analytically
additional hour of heating (95 ±  1°) and stirring, the hot mixture pure material: mp 94 -9 4 .5 ° ; ir (CS2) no OH or C = 0 ;  nmr
was filtered. The filtrate solidified on cooling and yielded 0.30 (CC14) S 8 .03-8.36 (m, 4 ; 1-, 4-, 5-, and 8 -H ), 7 .24-7 .49  (m, 4;
g (14% ) of l,2-dihydro-7-ethoxy-3H-benz[de]anthracene-3-spiro- 2 -, 3-, 6 -, and 7-H ), 4.17 (q, 2, J  =  7 Hz, CH2), 2.96 (s, 3,
lO'-anthrone (7a), mp 231 .5-234°, upon recrystallization from CH 3Ar), and 1.59 ppm (t, 3, /  =  7 Hz, CH3CH2); mass spec-
aqueous ethanol. A further recrystallization (methanol-benzene) trum (64 eV) m/e 236.1202 (medium; calcd for C17Hi60 ,
gave bright yellow microcrystals, mp 235-236°, which were 236.1201), 234.1024 (medium; calcd for C17H 14O, 234.1045), and
shown to be identical with an authentic sample of 7a {vide infra) 206.0741 (strong; calcd for C15H10O, 206.0732).
by nmr and ir spectral comparisons and a mixture melting point Anal. Calcd for Ci7H i60 :  C, 86.40; H, 6 .83. Found: C, 
determination. 86.78; H, 6.81.

Reaction of 4 with Ethyl Iodide and Sodium M ethoxide in Reaction of Phenol with Triethyl Phosphite.—Triethyl phos-
M ethanol.— This experiment was performed under nitrogen, phite (0.80 g, 4 .8  mmol) was added to a solution of phenol (0.45
using a procedure very similar to that described by A l-K hafaji.2a g, 4 .8  mmol) in methylene chloride (1.0 m l). The well-stirred
Sodium methoxide (1.60 g, 29.6 mmol) was added with stirring mixture was slowly warmed to 95° during 4 min and then kept
to a gently refluxing solution of 4 (2.00 g, 9.70 mmol) in methanol at 95 db 1° for 1.0 hr. Examination of the total product by nmr
(100 m l). E thyl iodide (30 ml, 53.5 g, 0.375 mol) was then (CiDe) showed that a reaction (transesterification?) had occurred
introduced dropwise into the dark red-brown mixture during to some extent. However, no trace of phenetole could be de-
20 min while stirring and refluxing were continued. After an tected. The absence of phenetole was confirmed by rerunning
additional 35 min of refluxing and stirring, the mixture (now a the spectrum after adding an authentic sample of the pure ether,
pale yellow solution) was concentrated at the boiling point until Oxidation of 9-M ethoxy-10-m ethylanthracene (13) with Cupric
precipitation occurred, cooled to room temperature, and filtered. Chloride.— A solution of the anthracene19'20 (2.22 g, 10.0 mmol)
The recovered solid was washed with several small portions of in dry benzene (40 ml) was stirred and heated under reflux with
cold methanol; it then weighed 1.08 g (51% ) and melted at anhydrous cupric chloride (2.69 g, 20.0 mmol) for 14.4 hr. At
235-238°. Two recrystallizations of the product from m ethanol- the end of this time HC1 evolution was negligible. The hot mix-
benzene gave pure 7a as bright yellow microcrystals: mp 236- ture was filtered, and the recovered solid was washed several
237.5° (lit.2a mp 237-238°); ir (CS2) 1668 cm -1  (anthrone times with fresh portions of solvent. Evaporation in vacuo of the
C = 0 ) ,  no OH; nmr (CC14) S 7 .8 -8 .5  (m, 5; 6 -, 8 -, 11-, 1 '-, and combined filtrate and washings left a gummy residue whose mass
8 '-H ), 6 .S -7 .5  (m, 1 0 ;4 - ,5 - ,9 - ,1 0 - ,2 '- ,3 '- ,4 '- ,5 '- ,6 '- ,a n d 7 '- H ) ,  spectrum (70 eV) showed no peak atm /e 428 (parent ion for 14)
4.28 (q, 2, / =  7 Hz, OCH2), 3.31 (poorly resolved t , 2, /  = 6  and displayed only a weak peak at m/e 412 (a likely fragment
Hz, CH2Ar), 2.22 (poorly resolved t, 2 , /  =  6  Hz, CH 2CH2Ar), from 14).21 However, the spectrum did exhibit peaks assignable
and 1.66 ppm (t, 3, J  — 7 Hz, CH3); mass spectrum (70 eV) to l , 2 -dihydro-7 -methoxy-3 H-benz[de]anthracene-3 -spiro-1 0 '-an-
m /e  440 (too weak for accurate high resolution mass measurement, throne (7b, vide infra) at m /e  426.1607 (weak; calcd for C3iH220 2,
presumably C32H240 2), 438.1600 (medium; calcd for C32H220 2, 426.1620) and 410.1303 (strong; calcd for CWHigCh, 410.1307).
438.1620), and 410.1309 (strong; calcd for C3oHI80 2, 410.1307). An nmr spectral comparison vs. authentic 7b (vide infra) indicated

Anal. Calcd for C32H 240 2: C, 87.24; H, 5 .49. Found: C , that this substance was one of the residue’s major constituents
87.51; H, 5 .60. (yield estimated from spectrum, 6 0 -7 0 % ). Crystallization of

In  a parallel experiment, a solution of 4 (1.00 g) in pure the residue from methanol-benzene gave a reddish gum contain-
methanol (50 ml) was refluxed with stirring under nitrogen for 1.0 ing considerable 7b (analysis by nmr) and a second crop (0.50 g)
hr and then allowed to stand at room temperature under nitrogen consisting of 7b in essentially pure form (analysis by nmr and ir),
overnight. The precipitated solid (0.70 g) and the methanol- mp 209-214°. Three recrystallizations of the second crop from
soluble material (0.30 g) were recovered and examined separately methanol-benzene afforded a very pure sample of a low-melting
by nmr. Both fractions were found to be essentially pure 4, and form of 7b as flat orange needles, mp 221-222°. The ir and nmr
their spectra showed no aliphatic peaks assignable to dimeric spectra of this material were identical in every respect with the
structures. spectra of a higher melting form of the compound (mp 237-239°;

Reaction of 10-M ethylanthrone (11)  with Triethyl Phosphite. vide infra).
-—A stirred solution of 10-methylanthrone19 (0.50 g, 2.4 mmol) A similar oxidation of 13 was carried out in refluxing carbon
and triethyl phosphite (0.41 g, 2.5 mmol) in methylene chloride tetrachloride (reaction time, 23 hr). Product isolation was not 
(0.50 ml) was slowly heated to 95° during 8  min, kept at 95 ±  1 ° ____________

(16) K .  H .  M e y e r, Ann., 420, 134 (1923). (20) K .  H .  M e y e r a n d  H .  Schlosser, Ann.. 420, 126 (1920).
(17) E . de B . B a rn e tt  and  M . A. M a tth e w s , Ber., 69, 767 (1926). (21) T h e  m/e 412 pea k ca n n o t be ta k e n  as evidence fo r  th e  presence o f a
(18) E . C la r, ibid., 69, 1686 (1936). s m a ll a m o u n t o f 14, since th e  sp e c tru m  o f a u th e n tic  7 b  a lso e x h ib its  a weak

(19) H , H e y m a n n  and  L . T ro w b rid g e , J. Amer. Chem. Soc.. 72, 84 (1950). pea k a t  m/e 412.
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attempted; however, analysis of the crude mixture by nmr and bined filtrate and washings yielded 0 .50 g o f pale  yellow powder
mass spectrometry suggested that 14 was absent and that 7b had (fraction B ) ,  whose peroxide test was definitely positive. Analy-
again been formed in ca. 60—70%  yield. sis by nmr showed that fractions A and B  contained anthra-

Reaction of 4 with M ethyl Iodide and Sodium M ethoxide in quinone(17),spiro[anthracene-9(10H ),2'-oxiran]-10-one(18),and 
M ethanol.— The procedure employed was similar to that of' 4; these identifications were confirmed by nmr peak enhance-
Al-Khafaji2a and essentially equivalent to that used for the ments resulting from addition of the pure substances.^ Fraction
analogous reaction with ethyl iodide (vide supra). Addition of B  also contained a material that exhibited a sharp singlet at 5
methyl iodide (40 ml, 91 g, 0.64 mol) to a boiling solution of 4 2.14 ppm (CDGU). Double verification was obtained for the
(1.71 g, 8.29 mmol) and sodium methoxide (2.00 g, 37.0 mmol) presence of 18 by adding the authentic epoxide22 to solutions of
in methanol (100 ml) required 50 min; stirring and refluxing were B  in two different solvents (CD Cb, CiDe). Enhancement of a
continued for 40 min after the addition was complete. Concen- singlet assigned to the methylene protons of 13 (8 3 .38 ppm in
tration of the pale yellow solution afforded 0.83 g (47% ) of CDCls, 2.67 ppm in C6D 6) occurred in both cases, and enhance-
spiroanthrone 7b, mp 229 .5-232 .5°. Two recrystallizations of ment of several aromatic peaks was also observed. The mass
the product from methanol-benzene gave pure 7b as slender, spectrum (70 eV) of fraction A showed strong parent peaks for
bright yellow needles: mp 237-239° (lit.2“ mp 227-228°); ir 17 and 4 at m /e  208.0534 (calcd for Ci4H80 2, 208.0524) and
(CS2) 1667 cm -1  (anthrone C = 0 ) ,  no OH; nmr (CCi4) 8 7 .9 -8 .5  206.0734 (calcd for C15H10O, 206.0732), respectively. The mass
(m, 5; 6 -, 8 -, 11-, 1 '-, and 8 '-H ), 6 .7 -7 .6  (m, 10; 4-, 5-, 9-, spectrum (70 eV) of fraction B  also contained intense parent
10-, 2 '- , 3 '- , 4 '- , 5 '- , 6 '- , and 7 '-H ), 4.14 (s, 3 , CH3), 3.33 (poorly peaks for 17 (m /e 208.0534) and 4 (m /e 206.0748), as well as a
resolved t, 2, J  =  6  Hz, CH 2Ar), and 2.24 ppm (poorly resolved weak parent peak for 18 (m /e 222.0665; calcd for C i5H io0 2,
t , 2 , J  = 6  Hz, CH2CH2Ar); mass spectrum (70 eV) m /e  426.1607 222.0681. The parent peak of pure 18 was shown to be weak at
(weak; calcd for C3iH220 2, 426.1620) and 410.1300 (strong; 70 eV). Quantitative calculations based on the nmr spectrum
calcd for C3oHi80 2, 410.1307). showed that the composition of fraction A was 17, 7 7 % ; 18,

A nal. Calcd for C3,H 220 2: C , 87.30; H, 5 .20. Found: C , 4 % ; 4, 19% . On the assumption that the material resonating
87.44; H , 5.26. at 2.14 ppm was peroxide 16, the composition of fraction B  was

Recrystallization of 0.10 g of pure 7b (mp 237-239°) from estimated by nmr as 16, 19% ; 17, 23% ; 18, 37 % ; 4, 21% .
methanol-benzene, using the low-melting form of 7b (vide supra) Thus the total yields of 16, 17, 18, and recovered 4 were estimated
for seeding, gave 0.08 g of flat orange needles that melted sharply to be 17, 34, 35, and 23% , respectively.
at the lower temperature. An attem pt to reproduce the published preparation11 of 16

Oxidation of 4 with M olecular Oxygen.— A suspension of 4 gave none of the desired product.
(0.50 g, 2 .4  mmol) in dry benzene (3.0 ml) was degassed by the
freeze-thaw method and then stirred rapidly (magnetic bar) in Registry No. - 4 ,  4159-04-0; 7a, 24165-82-0; 7b, 
the dark at 24-25° under an atmosphere of pure oxygen. After 24215-76-7' 12 24165-83-1
122.4 hr the total absorbed oxygen amounted to 24.7 ml (volume ’ ’
corrected to 0° and 760 mm, 1.10 mmol), and at this point the . „ .  m
rate of oxygen uptake had decreased to a negligibly small value. Acknowledgment. The author IS indebted to i lr.
The final reaction mixture had a strong formaldehyde odor and H. J. Tarski for excellent technical assistance, and to
contained a white solid, which was recovered by filtration and Dr. J J .  G . Sehutze for strong administrative support,
washed several times with fresh benzene. This solid (fraction A)
weighed 0.07 g and gave a doubtful positive test for peroxide(s) (221 G . L . B u ch a n a n  and  D . B . Jh a v e ri, J. Org. Chem.., 26, 4295 (1961);
with potassium iodide in acetic acid. Evaporation of the com- J . R ig a u d y  and  D. N id ^ le c , Bull. Soc. Chim. Fr„ 400 ( i9 6 0 ) .
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Quinone methide 2 reacts with tri-n-butylphosphine in benzene or n-heptane solution to form an isolable inner 
salt, (3,5-di-(-butyl-4-oxybenzyl)ti'i-n-butylphospho;iium betaine (4). Betaine 4 can also be prepared by denydro- 
chlorination of phosphonium chloride (3) with methanolic sodium methoxide. The betaine retains its structure 
in polar solvents (methanol, ethanol, dimethyl sulfoxide, or acetone), but, when warmed with relatively nonpolar 
solvents (benzene, toluene, p-dioxane, or cyclohexene), it decomposes to form bisphenol 9 and tri-n-butylphos- 
phine as major products. Decomposition of 4 in the presence of benzaldehyde gives considerable amounts of 
stilbenol 8  and tri-re-butylphosphine oxide; decomposition in the presence of chloroprene gives, inter alia, spiro- 
trienone 13. These observations and the results of experiments with model compounds suggest that the decom
position of 4 probably produces ylide 5 and quinone methide 2, in situ, and that bisphenol 9 then results from a 
sequence involving addition of 5 to 2, followed by prototropic shifts and loss of tri-n-butylphosphine. The reac
tions of quinone methide 2  with triethyl phosphite and tri-n-butylphosphine are briefly compared.

Observations made during the course of previous inhibition process, and this supposition prompted an
work3 suggested that quinone methides were involved examination of the reaction of triethyl phosphite with
as reactive intermediates during the inhibition of quinone methide 2.4 Since the results of that study
autoxidation by certain synergistic antioxidant systems were both interesting and unexpected,4 we felt that
containing hindered phenols and compounds of triva- information about the behavior of 2 toward other tri- 
lent phosphorus. It appeared that separate investi- valent phosphorus nucleophiles would be desirable for
gations of quinone methide-phosphorus(III) nucleo- purposes of comparison. The reaction of 2 with tri-n-
phile reactions might provide insight into the overall butylphosphine was therefore investigated, and the

present paper describes the results obtained. To our
(1) (a) P a p e r vii o f a senes on o x id a tio n  in h ib ito rs ,  (b ) P a p e r vi; knowledge, no other reactions of quinone mehhides with

W . H . S tarnes, J r .,  J. Org. Chem., 35, 1974 (19 7 0 ). (c) P re se n te d  a t  th e  , , . , . , . ^
1 5 9 th  N a t io n a l M e e t in g  o f th e  A m e ric a n  C h e m ic a l S o c ie ty , H o u s to n , p n O S p n i l lG S  I i a V 6  p r G V lO U S ly  U 6 6 I1  u G S C rib C C l 1X1 t l l G  l l t -  

T e xa s , F e b  25, 1970. erature.
(2) S u m m er em ployee, 1968.
(3) W . H .  S tarnes, J r .,  a nd  N .  P . N e u re ite r , ibid., 32, 333 (1967). (4) W . H .  Starnes, J r .,  J . A . M y e rs , a nd  J . J . L a u ff, ibid., 34, 3404 (1969).

1978 J .  Org. Chem., Vol. 35, No. 6, 1970 Starnes and Latjff



Results and Discussion lack of color argued against the ylide formulation7 5,

Quinone methide 2, an unisolable species/ was gen- and it? so“ y P™P«rties (sol«ble in Pobf  OTSaibc
erated in situ by allowing chloromethylphenol 1 to Solv+ents; S° lu,ble m ™ te,r’ msoluble m ̂
react with triethylamine in hydrocarbon solvents-.« v ? i f t ° f .P°k ? ty)+ wer" ^ ' arly m?re compatible 
(Scheme I). Dropwise addition of tri-n-butylphos- ™ th tbe betame structure (4 than with either of the

r  alternatives.7 lh e  high-resolution mass spectrum of
the compound showed strong peaks corresponding to 

S cheme I  the parent m/e values for 2 and tri-n-butylphosphine, a
qjj result verifying neither structure but perhaps com-
| prising a modicum of evidence against 5. Stronger

evidence in favor of 4 was forthcoming from the ir 
L I  spectrum (Nujol) which showed no bands attributable

T to OH or C = 0  absorption. Furthermore, nmr mea-
EtN /  CH2C1 \  PBu surements provided excellent evidence for equilibra-

Y  1 \  ’ tion of 4 with its conjugate acid (7) in methanol-d4, and
9 y  \  the existence of this equilibrium was strongly supported

by uv studies on solutions of the adduct in methanol 
1 I f  J C r and methanolic sodium methoxide. The nmr results

Y  also showed that, in methanoI-At, the benzyl protons
CHZ \  P B u ,  N a O M e X ^  CH2PBu3 of 4  w e r e  quickly replaced by deuterium. This ob-

2 0  3

4 +  (ch3o h ) 5=6 * $ y * B r * >  +  ¿ S 'o -)

ch2pbu3 y C ~

4 7
OH 0

T p j j  || || servation suggested the possible presence of low equilib-
K y  rium concentrations of ylide 5 and/or its conjugate

I   HC— PBu anion; however, no independent evidence was obtained
P U3 2 3 for the formation of these species in methanol solution.

5 6 Low-temperature ir measurements showed that the
adduct did not cyclize to the spirodienone structure 6 

phine (1 mol equiv) to a dilute solution of 2 (0.027 M) i*1 ethanol at —93 ,s and further studies by nmr showed
in n-heptane caused a vigorous reaction leading to that the betaine structure was also retained in meth-
immediate precipitation of a solid product. The solid anol-di at —90 and in dimethyl sulfoxide-^ or ace-
was shown by various analyses to be a 1 :1  adduct tone-dc at room temperature. All available informa-
(yield, 87%) of the phosphine and the quinone meth- tion thus indicates that the adduct has the betaine
ide; it was also formed in benzene under similar con- structure, 4, in the solid state and in solvents of ren 
ditions. tively high polarity.

Mechanistic preconceptions suggested that Lie Inner salt tautomers of phosphonium ylides have 
adduct could be prepared independently via the alter- frequently been postulated as reactive intermediates,
native route shown in Scheme I. This expectation was bu  ̂ a êw substances of this type have actually 
readily confirmed. Alkylation of tri-n-butylphosphine be.en isolated heretofore. Of particular interest in
with chloromethylphenol 1 gave phosphonium chloride this regard are die 1 :1  adducts formed from 3-benzyli-
3 in 97%  yield. Addition of excess sodium methoxide dene-2,4-pentanedione and trialkyl- or dialkylphenyl-
to a methanol solution of 3, followed by addition of phosphines.9 lh e  enhanced stability of these isolable
water, afforded a white precipitate (yield, 84%) that betaines relative to that of other possible isomers (yli es
was identical with the adduct obtained directly from or cyclized structures containing pentavalent p os-
2. The adduct was converted to its alternative pre- phorus) evidently results from the cooperative lnterac-
cursor, 3 (yield, 90%) by treatment with dry HC1 n tion of several favorable factors; viz., relatively_ low
methanol. These observations were considered to anion basicity due to resonance stabilization, relatively
provide definitive evidence for attack by tri-n-butyl- low acidity of benzyl hydrogen caused by the presence
phosphine on the methylene group of 2. °1 electron-donating substituents on phosp orus, s eric

A t this point three possible structures for the adduct hindrance to bimolecular prototropy, and the necessi y
(4, 5, and 6) seemed worthy of consideration. Though of placing a relatively electropositive carbon substituen
fairly stable in vacuo, the substance underwent slew *n an apical position of phosphorus(V) (an energetica y
oxidative decomposition on exposure to air, an obser- (7) Cf A. w. Johnsoni ..Y lid  C h e m is try ,”  A ca d e m ic  Press In c .,  N e w  Y o rk ,

vation tending to exclude structure 6. The m aterials n . y „  1966, p 6 3 .
(g) N o  c a rb o n y l a b s o rp tio n  co u ld  be de te c te d  u n d e r these co n d itio n s .

(5) (a) L . J . F i la r  a nd  S. W in s te in , Tetrahedron Lett., N o . 25, 9 ( I9 6 0 );  C a rb o n y l a b s o rp tio n  is observed in  th e  1 6 1 0 -1 6 5 5 -c m - ' reg io n  fo r  ana logous
(b ) R. H . B a u e r a n d  G . M .  C o p p in g e r, Tetrahedron, 19, 1201 (1963); <c) sp irod ienones c o n ta in in g  ca rb o n  in  p lace o f pho sphorus : G . A . N ik ito ro v ,
N. P . N e u re ite r, J. Org. Chem., 28, 3486 (1963); (d) B . R. L o y , ibid., 31, B . D. S v ir id o v , a n d  V. V. E rsh o v , Bull. Acad. Sci. USSR, Div. Chem. bci.,
2386 (1966). 542 (1968).

(6) W . H. Starnes, J r.,  ibid., 31, 3164 (1966). (9) F . R a m ire z , J. 7 .  P ilo t ,  a nd  C . P . S m ith , Tetrahedron, 24, 3735 (1988).
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unfavorable arrangement9,10) in order for cyclization Mass spectrometric analysis of crude product mix- 
to occur. The stability of 4  relative to that of 5 and tures obtained from “ W ittig reactions” o: 4 showed
6 can be rationalized on similar grounds; moreover, that a by-product with molecular formu.a C30H44O2

one notes that in this case the cyclized structure 6 had been formed in every case. Since a by-product
should also be disfavored by the absence of aromatic having this composition could only result from a bi
resonance and by the presence of steric strain asso- molecular process involving two molecules of 4, sep-
ciated with the three-membered ring. arate studies of the decomposition of 4 were clearly in

Since betaine 4 was obviously more polar than either order. Samples of the betaine were therefore warmed
of its possible isomers, it appeared that isomerization in benzene-d6 until complete dissolution occurred,
of the betaine might occur if the substance could be and the solutions were then analyzed immediately
brought into solution in solvents of low polarity. In by nmr and vpc. The analyses showed that bisphenol
order to investigate this possibility, betaine 4 was 9 (C30H44O2) and tri-n-butylphosphine had been formed
heated under reflux with a solution of benzaldehyde (1.0 in yields amounting to ca. 80% and 95-100%, respec-
mol equiv) in benzene. The betaine quickly dis- tively. Minor by-products were also defected (but
solved, and after 1.5 hr of heating the mixture afforded
irans-3,5-di-i-butyl-4-stilbenol (8 , 55%) and tri-n- HO v

" V /  + < $  /H
~\~ \  )  „  2 4 C = C  +  2PBu3

^  H C6d6 /  \ __

4 +  PhCHO ,C = C  +  OPBu3 H f U
c6h6 /  \  \ /

H Ph M
8 OH

9
butylphosphine oxide (crude yield, 83%) on work-up.
These are the products to be expected from a typical not identified), and analogous decompositions of the 
W ittig reaction; thus their presence can be taken as betaine in p-dioxane, toluene-d8, or cyclohexene were
evidence for rearrangement of 4 to ylide 5 under the found to give similar results. The reaction in cyclo
reaction conditions. In a related experiment, a ben- hexene gave no detectable by-products derived from the
zene solution of quinone methide 2  (1 .0  mol equiv) was solvent, an observation militating against an already
slowly added to a stirred solution of tri-ra-butylphos- unlikely route to 9  involving dimerization of a car-
phine (1.0 mol equiv) and benzaldehyde (1.1 mol equiv) bene. Decompositions of betaine samples containing
in benzene at 50°. Under these conditions formation two benzyl deuteriums (vide supra) gave bisphenol-9-d4

of 4, isomerization of 4 to 5, and entrapment of 5 labeled at the hydroxyls and the vinyl positions,
with benzaldehyde were all evidently accomplished A  plausible mechanism for the decomposition of 4 
concurrently, since stilbenol 8 and tri-n-butylphosphine is shown in Scheme II. This mechanism is consistent 
oxide were again found to be major reaction products with several items of information. In an attempt to
(isolated yields were 58 and 73%, respectively). secure direct evidence for reversion of 4 to its precursors

Betaine 4 was allowed to react with n-heptaldehyde (eq 1, Scheme II), the betaine was decomposed in
in benzene under a variety of conditions. Tri-n-butyl- benzene containing a large excess of chloroprene. This
phosphine oxide was formed in every case, and the reaction gave spirotrienone 13 and bisphenol 14, to-
presence of the other W ittig product, 2,6-di-f-butyl-4-
(l-oeten-l-yl)phenol, was strongly suggested by mass ci X
spectrometric analysis. However, the pure alkenyl 4  ̂ / \/  \
phenol (a mixture of cis and trans isomers?) could not 4  c a  9 + _X  ) +
be isolated. Attempts were also made to carry out %
W ittig reactions with betaine 4 and a variety of ke- 13

tones (diethyl ketone, acetophenone, benzophenone),
but these experiments gave little (if any) of the de- X %
sired olefinic products. The transient intermediate // h _ // C
responsible for olefin formation was thus shown to be \ _/  CHjCR \ / OH
a highly selective species whose reactivity toward -V V-
carbonyl compounds resembled the reactivity previ- 14

ously reported for phosphonium ylides containing
resonance-stabilized carbanion moieties. 11 This ob- gether with bisphenol 9 and unidentified products,
servation was consistent with our formulation of the The formation of 13 constitutes good evidence for the
intermediate as 5, although the intermediate’s total intermediacy of quinone methide 2 , since the Diels-
inertness toward ketones was still somewhat surprising. Alder reaction of chloroprene and 2  is known to be
Realizing that a rapid side reaction could be partly facile, 12 and no other reasonable routes to 13 are appar-
responsible for this apparent lack of affinity, we next eno. Quinone me'hide 2  could also have been the
attempted to identify the other products formed from precursor of bisphenol 14,13 via a process involving the
4 under conditions conducive to its isomerization. corresponding bisphenoxy radical.6b_d

(10) F . I I .  W e sth e im e r, Accounts Chem. Res., 1, 70 (1968), a n d  references (12) J . D .  M c C lu re , J. Org. Chem., 27, 2365 (1962).
c ite d  th e re in . (13) V p c  analyses suggested th a t  sm a ll a m o u n ts  o f 14 were a lso  p ro d u c e d

(11) F o r  references to  re la te d  cases a nd  a com prehensive  m e ch a n is tic  in  b e ta in e  d e co m po s ition s  p e rfo rm e d  w ith o u t  c h lo ro p re n e . H o w e v e r, in
ra tio n a le , see re f 7, p p  152-171. these e xp e rim e n ts  14 was n e ith e r  iso la te d  n o r charac te rized .
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Since the spontaneous free-radical dimerization of S cheme II
2 does not give bisphenol 9,6b’° the coupling process (D (2)
leading to 9 is clearly best considered to involve nucleo- PBu3 + 2^ ----- > 4 -»—  * 5
philic displacement or addition. Ylide 5, a highly n .
nucleophilic species, is probably formed from 4 (eq 2) 
under the reaction conditions (vide supra). Betaine
10 could be formed by reaction of 5 with 2 (eq 3, ,, Y*
Scheme II), or by reaction of 5 with 4 in a process in- _
volving Sn2 displacement of tri-n-butylphosphine. \ __/  i 2 \ __/
However, an equimolar mixture of ylide 15 and phos- *PBu3 V
phonium chloride 16 failed to react after 16.4 hr in 10

benzene at 50°— a result that made the Sn2 route to I
10 seem highly unlikely. In contrast, eq 3 of Scheme W> I
11 was expected to occur with ease,14 and this supposi
tion was supported by the behavior of quinone meth-
ide 2 toward ylide 17, an analog of ylide 5. In benzene ~0—f  CHCH j  \ _ 0 H
at room temperature the reaction with 17 was rapid \ __/  i 2 \,__/
and essentially quantitative; it afforded an adduct that +PBu3 V
was isolated as the hydrochloride (19a) after treatment H
with HC1. A  reaction of 2 with ylide 15 gave a similar j
result; however, in this case the product hydrohalide ^  U-JBad
(19b) was not purified. y  , ,

p-MeOCi,H(CH=PBu3 + p.MeOC6H4CH2PBu3 CF 0= \  >=CHCH2—/  V -O H

15 16 ‘ ! '  x \
no reaction 12

X— ^ ^ - C H = P B u3 + 2 ----  ̂ (6)JPBus

17, X =H 9
15,X=MeO

f~ \  p~ been responsible for the high stabilities of the two be-
\_/  | 1 \_/  taines in question. Phosphonium chloride 3 was there-

+PBu9 fore allowed to react with n-butyllithium (1.0 mol
18a X=H equiv) in benzene at room temperature, and the result-

/ b, X = MeO ing mixture (which presumably contained 4 and lithium
| chloride) was heated under reflux for 1.0 hr. As ex-

H t  w  pected, a considerable amount of bisphenol 9 was
formed. The inherent stability of 10 thus appears to 

X—\ \ — CHCH2—\ \ —  OH be much less than that of 18a or 18b, a result making an
vU"1 '= / _  | ' = /  indirect conversion of 10 to 9 (Scheme II, eq 4-6) seem

Cl +PBu3 a  an attractive possibility. Loss of tri-n-butylphosphine
19a, X=H from betaine 11 (eq 5, Scheme II) appears quite rea-

b, X = MeO sonable by analogy with eq 1 of Scheme II, and the
phosphine-catalyzed isomerization of quinone methide 

Although direct conversion of 10 to 9 seemed possible 1 2  (eq 6, Scheme II) is consistent with previous obser-
a priori, experiments with betaines 18a and 18b showed vations relating to this quinone methide’s base-cata-
that this type of /3 elimination was not a favored pro- lyzed isomerization.4 In an indirect test for the feasi-
cess. Benzene solutions of 18a and 18b still afforded bility of eq 6 of Scheme II, quinone methide 20 was
practically quantitative yields of the corresponding
hydrochlorides (19a and 19b) even after extended peri- v
ods of refluxing (up to 92.5 hr), and an identical re- \ = \  )J{!̂
suit was obtained in a similar experiment where equi- /= CHCH2Ph — L- &
molar amounts of 18a and 19a were employed.15 ) = /
Since the preparations of 18a and 18b had involved F'
dehydrohalogenation of phosphonium chlorides with 20
n-butyllithium, it also seemed advisable to show that . . . . ,
complexation with lithium chloride16 could not have subjected to the action of tn-n-butylphosphme in ben

zene. This experiment gave the anticipated result: 
(14) Cf. h . j . B e s tm a n n  a nd  h . j . L a n g , Tetrahedron Lett. 2 1 0 1  (1969) quantitative formation of stilbenol 8 in an extremely
(15) U n d e r th e  c o n d itio n s  o f these exp e rim e n ts , be ta ine s 18a a nd  18D ^  n i  t t i i  j. C

m ig h t have  been co n v e rte d  (a t leas t in  p a r t )  t o  th e  co rre sp o n d in g  y lid e  r a p i d  r e a c t i o n .  S c h e m e  I I  t h u s  a p p e a r s  t o  C o n f o r m

isom ers. H o w e ve r, th is  re a rra n g e m e n t w o u ld  n o t in v a l id a te  th e  use o f 18a w i t h  a l l  r e l e v a n t  f a c t s ,  a l t h o u g h  i n f o r m a t i o n  a b o u t  C e r -
a nd  1 8b  as m odels fo r  te s tin g  th e  d ire c t co n ve rs io n  o f 10 to  S, since iso m e risa - ^  m e c h a n i s t j c  d e t a i l s  i s  l a c k i n g . 17
t io n  to  an  y lid e  is a p o te n t ia l re a c tio n  p a th  fo r  10 also.

(16) Cf., inter alia, re f  7, p  135 a n d  136 a n d  l ite ra tu re  c ite d  th e re in ; also
R . F . H u d so n , ‘ ‘S tru c tu re  a n d  M e ch a n ism  in  O rga no-phospho rus  C h e m is try ,”  (17) F o r  exam ple, reversa l o f eq 2 o f Scheme I I  has n o t been d e m o n s tra te d

A ca d e m ic  Press In c .,  N e w  Y o rk ,  N .  Y . ,  1965, p  225. e xp e rim e n ta lly .
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We now wish to consider the possibility of an alter- 25 is relatively slow.4,19 On the other hand, rearrange-
native mechanism for decomposition of 4 involving ment of 25 into the corresponding ylide should be
betaine 21 as the nucleophilic intermediate. Betaine 
21 could result from addition of tri-n-butylphosphine 0

+ K - .  ' C j

Bu3PO V _ /  CH2 CH2P(OEt)3 yl ' P(OEt)3 X

yC 25 26
21

v  s/ relatively fast (faster than the rearrangement of 4 to
\ ( 5), owing to the presence of three relatively electronega-

gUjPQ \ — CH2CH2—$ \ — 0~ tive groups on phosphorus.20 Thus, as a consequence
\ = /  W  of these kinetic features, betaine 25 is destined to re-

yC X  main a reactive intermediate,4 while betaine 4 is an
22 isolable species. However, at slightly elevated tem-

X 0  X  qpBu peratures, betaine 4 gives bisphenol 9 via a mechanism
y__ | 'A — , | 3 (Scheme II) which is probably closely analogous to the

Bvijipo—/  \ — CH2CHR “0 — f  \ — CH2CHR mechanism of formation of 9  from 2 in the reaction with
W  triethyl phosphite.4 The phosphite reaction also af-

r' fords significant amounts of a trimer of 2, via a mecha-
23 24 nism involving ylide 26 as a key intermediate,4 whereas

little (if any) trimer is formed in the decomposition of 
to 2 in a reaction competitive with the reverse process betaine 4. These divergent results suggest that be-
of eq 1 of Scheme II. Addition of 21 to a second mole- taines 10 and 11 are converted into their ylide isomer
cule of 2 would give a dimeric betaine (22) which might (the analog of 26) at relatively slow rates, a circum-
decompose to quinone methide 12 and tri-n-butylphos- stance which could be occasioned by the presence of
phine. Phosphine-catalyzed isomerization of 12 to electron-donating alkyl groups on phosphorus.20 Fi-
9 would then complete the reaction sequence. A  nally, we note that relatively high concentrations of
mechanism involving betaine 21 can also account for the quinone methide 12 could be reached in the reaction
formation of W ittig products from aldehydes and 4. of 2 with triethyl phosphite4 but not in the analogous
Reaction of 21 with an aldehyde would give betaine reaction (decomposition of 4) involving tri-n-butyl-
23, a species which might rearrange into betaine 24. phosphine. This dissimilarity probably reflects dif-
Tri-n-butylphosphine oxide and an alkenylphenol could ferences in the rate of conversion of 12 to 9 and may
then result from fragmentation of 24, via a process thus be related to the different basicities (or nucleo-
formally depicted as an internal |8 elimination. philieities toward hydrogen) of the trivalent phos-

Although schemes involving 21 have not been ex- phorus reagents.21 
eluded experimentally, these mechanisms seem improb- Summarizing the foregoing remarks, we conclude 
able for a number of reasons. To the extent that reac- that the overall reactions of quinone methide 2 with
tion rates are influenced by the resonance stabilizations triethyl phosphite and tri-n-butylphosphine are prob-
of products, formation of stilbenols by fragmentation ably quite similar mechanistically, and that the ob-
of betaines 18a and 18b appears much more likely than served differences between these reactions with regard
formation of quinone methide 12 by fragmentation of to product type are rationalizable in terms of differ-
betaine 22. Betaines 18a and 18b were actually found ences in the rates of corresponding mechanistic steps,
to be quite stable toward fragmentation; thus on this The rate differences appear to be consistent with the
basis the possibility that 22 would give 12 appears re- relative nucleophilicities and basicities of the phosphite
mote indeed. Furthermore, the nucleophilic inter- and the phosphine, and with the expected effects of
mediate’s high selectivity toward carbonyl compounds substituent electronegativity on rates of ylide forma-
appears more compatible with structure 5 than with tion.
structure 21, since 21 should be a very reactive species , ,
, . ,  X-,. 71 (18,» (a) T h is  o rd e r o f r e a c t iv ity  has been estab lishe d  fo r  d isp la ce m e n ts  on
having lOW discriminative ability. Finally, we note s a tu ra te d  carbon, a nd  i t  is c o m m o n ly  assum ed to  h o ld  fo r  o th e r ty p e s  o f 

that there is no extant evidence for addition of a triva- reactions in v o lv in g  n u c le o p h ilic  a t ta c k  b y  t r iv a le n t  p h o sphorus  reagen ts.

lent phosphorus nucleophile to the carbonyl group of
a  p-qumone methide, ’ the reaction of triethyl phos- a nd  references c ite d  th e re in , (c) T r i-n -b u ty lp h o s p h in e  is sa id  to  be m ore

phite with quinone methide 2 having been conclusively re a c tiv e  th a n  t r im e th y l p h o sp h ite  to w a rd  a n  o le fin ic  ca rb o n  a to m  o f iro n s -
1___  1 1 ' l  m i - , a d ib e n z o y le th y le n e : F . R a m ire z , 0 .  P. M a d a n , a n d  C . P . S m ith , Tetra-shown not to involve a process of this type.4 _ hedroih s; 7 (1966)

The reactions of quinone methide 2 with triethyl (1 9 )’ C o n s id e ra tio n  sh o u ld  also be g iv e n  to  th e  p o s s ib il i ty  th a t  4 a n d  28
phosphite4 and tri-n-butylphosphine can now be com- are formed re v e rs ib ly . I f  th is  is  indeed th e  case, th e  e q u ilib r iu m  c o n s ta n t 

7 . t i  A . . . . l i ' i  fo r  fo rm a tio n  o f 25 shou ld  be m u ch  less th a n  th a t  fo r  fo rm a tio n  o f 4, o w in g
pared i l l  detail. A t room temperature in relatively d if fe re n t n u c le o p h ilic it ie s  o f th e  t r iv a le n t  p h o sp h o ru s  reagen ts,

nonpolar media these reactions give entirely different (2 0 ) F o r  a b r ie f  d iscussion o f th e  effects of pho sphorus  s u b s titu e n ts  on 

types of isolable products. Nevertheless, mechanistic ease of y lid e  fo rm a tio n , see re f 7 , p  1 3 .
. A .  .  . . . . . .  , .  . . (21) T o w a rd  p ro to n s , tn -n -b u ty lp h o s p h m e  is  re p o rte d  to  be a s tro n g e r

StUdlGS IiaVC sliown tnat tne initial intermediate in tne base th a n  t r ie th y l  p h o s p h ite : C. A . S tre u li,  q u o te d  b y  L .  S. M e riw e th e r  and

phosphite reaction is betaine 25, a species analogous to M - L - F iene, J. Amer. Chem. Soc., 81, 4200 (1959). A  ro u g h  e s tim a te  of

4. Siuce triethyl phosphite is a relatively weak nucleo- 
phde (weaker than the phosphine),18 formation of ( r e f i8b,Pi5).
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Experimental Section22 distorted t, 9 , J  =  7 Hz, 3 CH2CH3); for uv spectrum, see
Table I .

M aterials. Tri-n-butylphosphine contained no impurities Anal. Calcd for C21H 6oC10P: C, 70.94; H, 11.03; Cl, 7.76; 
detectable by vpc or nmr analysis and was used as received; P , 6 .78. Found: C , 70.91; H , 11.17; Cl, 7 .94; P  6.63. 
we are indebted to Carlisle Chemical Works, In c., for a generous Betaine 4 from Phosphonium Chloride (3).— A solution of 3 
gift of this material. Benzene (B  & A ACS reagent grade), (1.15 g, 2.52 mmol) in methanol (5 ml) was degassed by stirring
n-heptane (reagent grade, Humble Oil and Refining C o.), and and bubbling with nitrogen. Sodium methoxide (0.41 g, 7.6
p-dioxane (Matheson Coleman and Bell Spectroquality grade) mmol) was then added, and after an additional 5 min of stirring
were dried over sodium ribbon and stored under nitrogen. and bubbling, *he mixture was poured into water (50 m l), stirred
Cyclohexene (Phillips “ Pure” grade) was percolated over until precipitation appeared to be complete (ca. 5 min), and
alumina ju st prior to use. Benzaldehyde, n-heptaldehyde, and filtered using suction. The solid was quickly washed in succes-
chloroprene were redistilled under nitrogen and used immediately sion with water (three portions) and dry ether (four portions),
after purification. n-Butyllithium was obtained from Foote then dried under vacuum (ca. 5 mm) to give 0.89 g (84% ) of 4
Mineral Co. as a solution in hexane and was used as received. as white microcrystals: mp 92-94° (pale blue-green melt; very
Gaseous HC1 was dried by passage through H28 0 , .  All other glow rates of heating gave melting points that were lower by
chemicals used were highly purified articles of commerce. Puri- 3 - 4 °); soluble in methanol, ethanol, dimethyl sulfoxide, or
ties were verified by spectral measurements, vpc analyses, and acetone; sparingly soluble in water; insoluble at room tempera-
the determination of appropriate physical constants. ture in petroleum ether (bp 3 0 -6 0 °), ether, benzene, toluene,

Instrumental Analysis. Ultraviolet, 100-MHz nmr, and p-dioxane, or carbon tetrachloride; ir (Nujol) no OH or C = 0 ;
high resolution mass spectra were recorded with Cary Model 14, h  (EtO H ) no C = 0  at temperatures ranging from 25 to - 9 3 ° ;
Varian Model HA-100, and A E I M S-9 spectrometers, respec- nmr (CD 3OD) 5 6.85 (d, 2 , ./ =  3 H z, shifts upfield upon addi-
tively. The nmr measurements were made at ambient tempera- tion of NaOMe, aromatic H ), 3.45 (d, 2 , / =  13 Hz, disappears
ture (except where noted otherwise) on dilute solutions contain- after 2 -2 .5  hr of standing due to D exchange with solvent,
ing T M S as the internal standard. Nmr peak multiplicities are CH2A r), 1 .87-2.26 (m, 6 , 3 CH2P r), 1 .26-1 .74  (m with strong
abbreviated as follows: s (singlet), d (doublet), t  (triplet), dt s at  1.41 ppm, 30, 3 CH2CH 2CH 3 and 2 f-Bu), and 0.97 ppm
(doublet of triplets), m (multiplet). E xact mass measurements (highly distorted t, 9, J  £ !  7 Hz, 3 CH2CH3); nmr (CD3OD,
are referred to C =  12 amu. Conventional ir spectra were - 9 0 °) equivalent to spectrum in C D 3OD at room temperature,
obtained with a Perkin-Elmer instrument, Model 21; low- except for line broadening and loss of fine structure due to
temperature ir measurements were made with a Beckman IR - 12  viscosity effects; nmr [(CD 3)2SO or (CD3)2CO] similar to
spectrometer equipped with a V L T -2 variable low temperature spectrum in CDsOD; mass spectrum (64 eV) m/e  218.1670
unit. Programmed temperature vpc analyses were done with (strong; calcd for CI5H220 ,  218.1671) and 202.1837 (strong;
an F  & M instrument (Model 500) equipped with a 6  ft X  calcd for CI2H27P , 202.1850).
0.25 in. (o.d .) stainless steel column containing SE-30 (5% ) Anal A3 Calcd for C27H49OP: C , 77.09; H , 11.74. Found:
on 40-60 mesh Chromosorb W , acid washed, D M CS treated. C , 76.87; H 11.79.
The carrier gas was helium; column temperature was increased The uv spectra of betaine 4 and two related compounds are
from 100 to 350 at the rate of 8 °/min. Vpc peak areas were presented in Table I .  On the basis of these data and published
measured with a planimeter.

(3,5-Di-i-butyl-4-oxybenzyl )tri-n-butylphosphomum Betaine
(4) fro m  4-Methylene-2,6-di-i-butyl-2,5-cyclohexadien-l-one (2 ) T a b l e  I
and Tri-n-butylphosphine.— A so lu tio n  o f q u in o n e m eth id e  2 U l t r a v io l e t  S p e c t r a “
(2.0 mmol) in n-heptane (75 ml) was prepared by dehydrochlo- ,_________ M e O I I___________ , ,— 0 . 5  M  N a O M e , M e O H __.

rination of chloromethylphenol 1 (0.51 g, 2 .0  mmol) with triethyl- C o m p d  Xmai,b urn L o g «  Xm,,® mji L o g  e
amine (0 .2 1  g, 2 .1  mmol) according to a previously described 234 3  9 5 <* 234“.t 3  62
procedure.6 The solution was degassed by stirring and bubbling 2 7 5  3 28s 269 4 13
with nitrogen; then 0.41 g (2.0 mmol) of tri-n-butylphosphine 0<
was added dropwise during 2  min while stirring and nitrogen
bubbling were continued. A precipitate of 4 appeared immedi- ^00“ 2 .3 1 ff 365 2 .5 4
ately. Stirring with introduction of nitrogen was continued for 300s 2.87*
5 min more. The betaine was then recovered by suction filtra- 365’ 2 .18*.*
tion, washed thoroughly on the filter with several portions of 3 234 3 .9 4  234e./ 3 .6 9
petroleum ether (bp 30 -6 0 °) and ether, and dried overnight at 276 3 .1 9  269 4 .1 6
room temperature under vacuum (ca. 5 mm). The pale lavender 282s 3 .1 7  300e 3 .7 3
solid thus obtained weighed 0.73 g (87% ) and melted at 92-94° 3 9 5 : j  9 7 :
(pale blue-green m elt); spectral comparisons showed it  to be 23 1  4  pg 231 4  19
identical with a sample of betaine 4 prepared by the alternative 2 7  ̂ 3 pg 278 3 18
route described below. Reactions of quinone methide 2 with
tri-n-butylphosphine in benzene gave similar results. 'i ° 4  d ' 1

(3,5-Di-i-butyl-4-hydroxybenzyl)tri-n-butylphosphonium Chlo- “ From 220 to 500 him unless noted otherwise. ‘ ± 1  him,
ride (3).— Tri-n-butylphosphine (40.60 g, 0.201 mol) was added wavelength scale not calibrated. “ Region scanned, 220-400
dropwise during 0 .5  hr to a stirred solution of chloromethylphenol npx. d [4] = 5.16 X  10 ~6 M. “Shoulder. > Presence uncer-
1 (50.96 g, 0.200 mol) in benzene (500 m l). After an additional tain; may have been an instrumental artifact. » [4] =  5.16 X
0.7 hr of stirring, the mixture was allowed to stand undisturbed 10 -4  M. h Bisphenol 9, 5.0 mol % . ' [4] =  2.58 X  10_a M.
for 5.3 hr and then filtered with suction. The recovered solid ¡Bisphenol 9, 5.0 mol %  (calculated from spectrum in 0.5 M
was washed twice with benzene and then twice with ether; after methanolic NaOMe). * [4] =  5.16 X  10 -3  M . 1 Bisphenol
drying in vacuo at 60° it weighed 89.2 g (97% ), melted at 183- 9, 0.7 mol %.
184°, and contained no impurities that could be detected by nmr
analysis. Recrystallization of a small sample from toluene gave uv data for 2,6-di-i-butylphenols containing para substituents 
3 as tiny white flakes: mp 186-187°; ir (Nujol) 3600 cm -1  which do not undergo strong resonance interaction with the
(weak, sharp, hindered phenol O H ); nmr (CD 3OD) S 7.11 (d, ring , 24 the maxima at 269 and 300 m/u may be assigned to the
2, J  = 3 Hz, aromatic H ), 3.68 (d, 2 , J  = 14 Hz, CH2Ar), phenolate moiety of 4, while the maxima at 234 and 276-282 m/j.
1.97-2.37 (m, 6 , 3 CH2P r), 1 .26-1 .72  (m with strong s at 1.45 can p,e ascribed to the cation 7 resulting from protonation of the
ppm, 30, 3 CH2CH2CH 3 and 2 ¿-Bu), and 0.97 ppm (highly betaine by methanol. In  pure methanol the log « values 
------------------- obtained for 4 are strongly dependent on betaine concentration

(22) B o ilin g  p o in ts  a n d  m e lt in g  p o in ts  are  u n e o rre c te d . T h e  m e lt in g  (cf. the two tabulated values of log e for the 300-npi band), owing
p o in ts  were d e te rm in e d  w ith  a F ish e r-Jo h n s a p p a ra tu s . U n less n o te d  o th e r-  t o  concentration effects on the position of the equilibrium be-
wise, e le m e n ta l ana lyses w ere  p e rfo rm e d  b y  G a lb ra ith  L a b o ra to rie s , In c .,
K n o x v ille ,  T e n n . D r ie r ite  was used as th e  d ry in g  a g e n t fo r  o rg a n ic  so lu 
t io n s . D is ti l la t io n s  were done w ith  a sp in n in g -b a n d  c o lu m n  (24 in .  X  (23) M a c ro c o m b u s tio n  ana lys is  was b y  M r .  E . B o w ers, H u m b le  O il a nd
8 m m ); e va p o ra tio n s  were c a rrie d  o u t  on ro ta ry  e va p o ra to rs  a t  ro o m  te rn -  R e fin in g  C o ., B a y to w n , Texas.
p e ra tu re  u n d e r 5 -1 0  m m  o f pressure. A  m a jo r  p a r t  o f th e  in s tru m e n ta l (24) L .  A . C ohen and W . M . Jones, J. Amer. Chem. Soc., 85, 3397 (1963);
a n a ly tic a l w o rk  was p e rfo rm e d  b y  th e  A n a ly t ic a l D iv is io n  o f th is  la b o ra to ry .  C . H . R ochester, J . Chem. Soc., 676 (1965).
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tween 4 and 7. Rapid equilibration would cause time averaging yielded a small amount of 3,5-di-i-butyl-4-hydroxybenzaldehyde,
of the chemical shifts and thus accounts for the relatively simple which was isolated and identified by an nmr spectral comparison
nmr spectrum observed for 4 in CD 3OD. Addition of methoxide vs. authentic material.
ion increases the 4 :7  ratio, thereby enhancing the average shield- irans-3,5-Di-f-butyl-4-stilbenol (8) from Quinone M ethide 2,
ing experienced by the aromatic protons and causing their reso- Tri-n-butylphosphine, and Benzaldehyde.— A solution of tri-n-
nance position to shift upfield (vide supra). In 0 .5  M  methanolic butylphosphine (16.21 g, 80.1 mmol) and benzaldehyde (9.29 g,
NaOMe different samples of 4 gave values of log e (365 m/j) 87.5 mmol) in benzene (80 ml) was warmed to 50° and kept at
ranging from 2.54 to 2 .86 . This observation, together with 50 ±  1° while a freshly prepared solution of 2 [80.1 mmol,
the much lower value of log e (365 mp) obtained for betaine obtained in the usual way from 20.40 g (80.1 mmol) of 1 and
samples generated in situ from 3, suggested that the 365-mp 8.44 g (83.4 mmol) of triethyl amine] in benzene (500 ml) was
band was produced by an impurity. Stilbenediol26 9 was obvi- added dropwise with stirring under nitrogen during 1.0 hr.
ously a possible contaminant, and indeed, the uv spectrum ot Stirring under nitrogen at 50 ±  1° was continued for an addi-
this phenol in 0.5 M  methanolic NaOMe was found to contain tional 6.5 hr, and the mixture was then allowed to stand at
a strong band at 365 mp. This band is evidently produced room temperature under nitrogen overnight. Following suc-
by an anionic species, since it does not appear in the spectrum cessive extractions with 5 %  hydrochloric acid (three 200-ml
of 9 in pure methanol. Its  presence ii> the spectrum of 4 in pure portions) and 2 N  sodium carbonate (three 200-ml portions),
methanol thus indicates proton transfer from 9 to the betaine’s the organic moiety was dried, concentrated under vacuum, and
phenoxide moiety. A ir —► d or ir —► -¡r* transition involving the distilled to recover two major fractions: (1) bp 120-124° at
C = P  chromophore26 of ylide 5 was also considered as a possible 0 .13-0 .27  mm, 12.83 g; and (2) bp 171-178° at 0 .25-0 .33  mm,
explanation for the presence of the 365-mp band; however, this 15.32 g. Ir  and nmr spectral comparisons showed that fraction
rationale appears unacceptable in view of the absence of the 1 was tri-n-butylphosphine oxide (73% ). Crystallization of
band from the spectrum of phosphonium chloride 16 under basic fraction 2 from aqueous methanol afforded 14.32 g (58% ) of
conditions. In  0.5 M  methanolic NaOMe the 365-m/x band of stilbenol 8 in two crops: mp 93-94° (12.52 g) and 91-93°
pure 9 has log e 3.84, this value was used to compute the mole (1.80 g). B oth  crops gave an nmr spectrum that was identical
per cent of 9 present in samples of 3 and 4 . with the spectrum of an authentic specimen.4

In  air betaine 4 slowly decomposes to an amorphous purple Decompositions of Betaine 4 in Aprotic Solvents.— Mixtures
mass. Storage under vacuum reduces the rate of this decom- of the betaine and C6D 6 were prepared in nmr sample tubes and
position. thoroughly degassed by bubbling with nitrogen. The tubes

Phosphonium Chloride (3) from Betaine 4 .— A solution of 4 were then stoppered tightly' and warmed gently until homoge-
(0.50 g, 1.2 mmol) in methanol (10 ml) was saturated with neous solutions were obtained. Immediate examination of these
gaseous HC1 and then dried. The drying agent was removed solutions by nmr showed that all of the betaine had decomposed,
by vacuum filtration and washed with several portions of meth- and that bisphenol 9 and tri-n-butylphosphine were the major
anol to dissolve the adhering gummy precipitate. Evaporation decomposition products. These identifications were confirmed
of the combined filtrate and washings, followed by trituration by peak enhancements resulting from the addition of authentic
of the residue with ether, afforded 0.49 g (90% ) of white crystals, specimens. Minor peaks arising from one or more unidentified
mp 182-183.5°, which were identified as 3 by a mixture melting by-products appeared in the olefinic-aromatic regions of the
point determination and ir spectral comparisons. spectra, and qualitative comparisons showed that by-product

Reactions of Betaine 4 with Aldehydes. A. Benzaldehyde.—  yields were lowest when freshly prepared samples of 4  were
A freshly prepared sample of 4 (6.32 g, 15.0 mmol) was added employed. Several reaction mixtures were analyzed quantita-
to a solution of benzaldehyde (1.59 g, 15.0 mmol) in benzene tively by programmed temperature vpc, using pure compounds
(60 ml), and the mixture was refluxed under nitrogen with stirring for calibration and n-eicosane for internal standardization. In  
for 1.5 hr. Removal of solvent under vacuum, followed by this way the yields of bisphenol 9 and tri-n-butylphosphine were
vacuum fractionation of the residue, gave three fractions: found to be ca. 80 and 95-100% , respectively.
(1) bp 75-126° (mostly 126°) at 0 .75-0 .95  mm, 2.70 g; (2) Decompositions of beiaine 4 were also carried out in anhydrous 
bp 176-178° (temperature possibly inaccurate owing to low dis- p-dioxane, C6D 5C D 3, or cyclohexene, using a procedure identical
tillation rate) at 1.0 mm, 2.54 g; and (3) bp ca. 215° at 0.75 to that described above. For runs in cyclohexene, the solvent
mm, 0.75 g. Fraction 1 was shown to be mostly tri-n-butyl- was evaporated under nitrogen and replaced by CeDs prior to
phosphine oxide (crude yield, 83% ) by the usual variety of product analysis. Nmr measurements showed that bisphenol 9
spectral comparisons with authentic material. Similar com- and tri-n-butylphosphine were the major products of all of
parisons indicated that fraction 2 was stilbenol 8  (yield, 55% ) these reactions, and that by-products derived from the solvent
in essentially pure form. Crystallization of fraction 2  from were not formed in experiments where cyclohexene was employed,
methanol-water, followed by low-temperature recrystallization The cyclohexene results were confirmed by programmed tempera-
from a very small amount of ether, gave a sample of 8  melting ture vpc and mass spectral analyses.
at 92 .5-93° (lit. mp 9 0 -9 1 ° ,4 91—93 027). Spectral data indicated A solution of 4 in CD 3OD was allowed to stand at room tem-
that fraction 3 was a complex mixture. perature until the nmr spectrum showed that the benzylic pro-

B . n-Heptaldehyde.— Three reactions were carried out in tons had been completely replaced by deuterium. M ost of the
dry benzene under nitrogen, using the following conditions solvent was then evaporated under nitrogen, and the residue
(millimoles of aldehyde per millimole of 4, milliliters benzene was taken to complete dryness under vacuum. After addition
per millimole of 4 ; temperature, °C ; reaction time, hr): 1.0, of CsDe, the deuterated betaine was decomposed in the usual
6 , 25-30, 116.5; 1 .0, 4, reflux, 46 .2 ; 10.0, 10, 49-53 , 6 .1 . way. The nmr spectrum of the decomposition products showed
The mass spectra of the crude product mixtures all showed a no peaks for the olefinie or hydroxyl protons of 9 but was other-
strong peak at m/e 316 (exact m/e from one run, 316.2763; wise identical with the spectra obtained previously,
calcd for C22H36O, 316.2766); this was shown to be a parent ion 2,4-Di-2-butyl-9-chlorospiro[5.5]undeca-l,4,8-trien-3-o:ne (13).
by comparative intensity measurements at low and high voltages — This compound was obtained by reaction of chloroprene with
(10 and 70 eV). The presence of this peak, together with peaks quinone methide 2 . The procedure followed was similar to
at m/e 301 (strong at 70 eV, presumably C2iH360 )  and 245 that described by M cClure ,12 except that the quinone methide
(medium at 70 eV, presumably C17H 25O), suggested that the solution was prepared separately by our usual method8 and then
anticipated W ittig product, 2,6-di-i-butyl-4-(l-octen-l-yl)phenol, added to the diene. Recrystallization of the crude product from
had been formed to some extent. Y et attempts to recover the methanol and then from ethanol gave 13 as white needles:
pure phenol by fractional distillation under vaccum were not sue- mp 110 - 1 1 1 ° (lit .12 mp 11 1 - 1 1 2 °); uv max (isooctane) 241 mM
cessful. Qualitative vpc, ir, and mass spectral analyses showed (log « 4.05) and 367 (1.32) [lit. uv max (isooctane)12 242 mu
that the other W ittig product, tri-n-butylphosphine oxide, had (log e 3 .96), uv max (solvent not specified)28 241 mu (log <= 3.93)
been formed in all of these experiments. A minor amount of a and 363 (1 .28)]; nmr (CCh) S 6.49 (s, 2, 1- and 5 -CH ), 5 .7 4 -
second liquid phase (apparently water) was formed in the reac- 5.91 (m, 1 , 8 -CH ), 2 .29-2 .56  (m, 2, 10-CH2), 2 .05-2 .21  (m, 2,
tions run at elevated temperatures. The reaction run at 25-30° 7-CH2), 1.71 (t, 2, J  =  6.4 Hz, 11-CH2), and 1.22 ppm (s, 18,
------------------- 2 2-B u). The nmr spectrum seems inconsistent with a possible

(25) c .  D . C o o k , J .  Org. Chem., 18,261 (1953). alternative structure, viz., the 8 -chloro isomer of 13. The 8 -
(26) Cf. re f  7, p p  63, 64, a nd  74, and  references c ite d  th e re in ; S. O . G r im  c h lo r o  f o r m u l a t i o n  w o u ld  a p p e a r  t o  r e q u i r e  C o u p l in g  o f  t h e  1.71

a n d  J . H .  A m b ru s , ibid., 33, 2993 (1968).
(27) H .- D .  B e cker, ibid., 34, 1211 (1969). (28) W . R .  H a tc h a rd , J .  Amer. Chem. Soc., 80, 3640 (1958).
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8 triplet with the 8 2.05-2 .21  multiplet, whereas inspection of the 4 min. Following an additional 5 hr of stirring under nitrogen,
latter band immediately shows that it  is not broad enough to the well-agitated mixture (now containing a reddish tar) was
incorporate a triplet with J  =  6 .4  Hz (the width reported for acidified by dropwise addition of 2 .5  M  hydrochloric acid (50
the multiplet is that of the total absorption envelope, rather m l). During the acidification period (10 min) a white precipitate
than the separation of the two outermost maxima). M cClure’s of 19a appeared. After treatment of the mixture with 5 ml of
hypothesis12 concerning the structure of 13 is thus considered to concentrated hydrochloric acid and 10 more min of stirring, the
be correct. precipitate was recovered by suction filtration and washed thor-

Decomposition of Betaine 4 in the Presence of Chloroprene.—  oughly with petroleum ether (bp 30 -6 0 °). The crude, air-
A solution of chloroprene (8.85 g, 100 mmol) in dry benzene (10 dried product weighed 10.2 g (94% ) and melted at 182-186°;
ml) was degassed by bubbling with nitrogen. Betaine 4 (0.42 upon recrystallization from benzene (with filtering to remove a
g, 1.0 mmol) was then added, and the mixture was stirred under small amount of insoluble material) it afforded 7.78 g (72% )
nitrogen at 50 ±  1° for 1.0 hr. After cooling to room tempera- of white crystals melting at 189-190 .5°. A further recrystalliza-
ture, the mixture was extracted with 5 %  hydrochloric acid (two tion from benzene gave tiny, snow-white needles of pure 19a:
50-ml portions), washed with 5%  sodium bicarbonate solution mp 189 .5-191.5°; ir (CS2) 3630 cm " 1 (sharp and weak, hindered
(two 50-ml portions), dried, and evaporated under vacuum. phenol OH); nmr (CDCI3) 8 7 .2 -7 .6  (m, 5, CsHs), 6 .8 6  (s, 2,
An nmr spectrum showed that the composition of the residue meta H of tetrasubstituted ring), 5.08 (s, 1, OH), 4.61 (over-
(0.21 g) was complex; however, the presence of an appreciable lapping dt appearing as a five-peak m, 1 , Jm- =  15, Jim — 8
amount of trienone 13 was clearly revealed by the appearance Hz, A rCH jCH P), 3.33 (distorted t ,  2 , J  bp  =  J  hh =  8  Hz,
of peaks previously assigned (vide supra) to the 1- and 5-CH , ArCH2CH P), 2 .2 -2 .7  (m, 6 , 3 CH2P r), 1 .2 -1 .6  (m with strong
8 -CH, 7-CH2, 11-CH2j and ¿-butyl groups of this compound s at 1.34 ppm, 30, 3 CH2CH2CH3 and 2 ¿-Bu), and 0.91 ppm
(the 10-C B 2 multiplet was obscured by resonances from other (highly distorted t , 9, J  =  6  Hz, 3 C H 2CH3).
products). These peaks had the correct multiplicities and rela- Anal. Calcd for C34H 66C1 0 P : C , 74.62; H , 10.32; Cl, 
tive intensities, and their origin was confirmed by intensity en- 6 .48; P , 5 .66. Found: C, 74.49; H, 10.36; C l,6 .5 7 ; P , 5.62.
hancements resulting from the addition of authentic 13. A In  a similar experiment, the quinone methide solution was 
rough analysis of the residue by programmed temperature vpc added during 20 min, and the mixture was acidified 15 min after
indicated the presence of bisphenol 9 (evidently the major con- the addition was complete. The crude product (19a) was re-
stituent), trienone 13, bisphenol 14, and unidentified compounds. covered in quantitative yield; it  melted at 179-181° and con-
Compounds 9, 13, and 14 were identified by retention times and, tained only traces of impurities detectable by nmr analysis,
in the case of 14, by comparing the ir and nmr spectra of a trapped Attempted Decompositions of Betaines 18a and 18b.— A
fraction with the spectra of an authentic specimen. 23 solution of betaine 18a was obtained in the manner described

p-Methoxybenzyltri-re-butylphosphonium Chloride (16).— Tri- above by rapid addition of a solution of quinone methide 2
n-butylphosphine (10.12 g, 50.0 mmol) was added under nitro- [from 2.55 g (10.0 mmol) of phenol 1 and 1.06 g (10.5 mmol) of
gen during 5 min to a stirred solution of p-methoxybenzyl triethylamine] in dry benzene (60 m l) to a solution of ylide 17
chloride30 (7.83 g, 50.0 mmol) in dry benzene (.25 m l). The [from 6 .2 1  ml (10.0 mmol) of 15 .20%  M-butyllithium in hexane
nitrogen-blanketed mixture was then stirred at reflux temperature and 3.30 g (10.0 mmol) of benzyltri-n-butylphosphonium
for 3.1 hr, kept at room temperature for an additional 6 .7  hr, chloride] in dry benzene (40 ml). The mixture was refluxed
and evaporated under vacuum to give a solid residue which was vigorously with stirring under nitrogen for 5.0 hr, then cooled
suspended in ether, filtered with suction, and washed thoroughly to room temperature, and saturated with gaseous HC1. After
on the filter with several fresh portions of ether. Drying of the filtering with suction to remove a white solid (infusible and
solid under vacuum at 60° gave 17.11 g (95% ) of pure 16 as white hygroscopic, evidently LiC l, 0.45 g, 106% ), the solution was
microcrystals: mp 105-106 .5°; nmr (CDC13) 8 6 .8 -7 .5  (A A 'B B ' reduced by boiling to a volume of ca. 30-40 ml, cooled to room
portion of A A 'B B 'X  m where X  is phosphorus, 4, by computer temperature, and diluted with petroleum ether (ca. 75 ml, bp
calculation , 31 J aa' = 2 .5 , J bb’ = 2 .5 , J ab =  J a'b < =  8.9 , 30 -6 0 °). The precipitate was recovered by vacuum filtration
J ab- =  J a-b =  0 .1 , J ax =  J a-x =  2 .0 , J bx  =  J b -x =  0 .0  H z; and washed repeatedly with petroleum ether; it weighed 4.86
aromatic H ), 4.22 (d, 2, J  =  15 Hz, CH2Ar), 3.79 (s, 3, CH 30 ) ,  g and was shown by nmr analysis to be essentially pure 19a
2 .2 -2 .6  (m, 6 , 3 CH2P r), 1 .2 -1 .7  (m, 1 2 , 3 CH2CH2CH3), and (yield, 89% ) containing no detectable amount of stilbenol 8 .
0.92 ppm (highly distorted t ,  9, J  ~  6  Hz, 3 CH2CH3); for uv Evaporation of the combined filtrate and washings yielded 0.44
spectrum, see Table I .  g of pale brown, very viscous oil containing 19a (50-75 mol % )Anal. Calcd for C20H 36ClOP: C , 66.93; H , 10.11; Cl, and unidentified compounds, but very little  (if any) of 8  (analysis
9.88; P , 8 .63. Found: C , 66.96; H, 10.09; Cl, 10.07; P , by nmr).
8 .g7 . n-Butyllithium (0.62 ml of a 15.20%  solution in hexane, 1.0

Attempted Reaction of p-Methoxybenzylidenetri-n-butyl- mmol) was added to a nitrogen-flushed suspension of phospho-
phosphorane (15) with Phosphonium Chloride (16).— A solution nium chloride 19a (1.09 g, 1.99 mmol) in dry benzene (20 ml),
of 16 (1.80 g, 5.01 mmol) in dry benzene (15 ml) was thoroughly The mixture was refluxed under nitrogen with stirring for 17.8
degassed by the freeze-thaw method and blanketed with nitro- hr, cooled to room temperature, acidified with gaseous HC1,
gen. n-Butyllithium in hexane (1.55 ml of 15.20%  solution, and then filtered with suction to remove L iC l. The LiC l was
2.50 mmol) was then added through a rubber septum by means washed repeatedly with benzene, and the combined filtrate and
of a hypodermic syringe, and the mixture was stirred under washings were evaporated under vacuum. Nmr analysis showed
nitrogen at 50 ±  1° for 16.4 hr. After saturation with dry that the solid residue was essentially pure 19a (1.10 g, 101% );
HC1, the mixture was filtered to remove a small amount of in- no trace of 8 could be detected.
fusible white solid (very hygroscopic, presumably LiC l), which A solution of phosphonium chloride 16 (3.59 g, 1 0 .0  mmol)
was quickly washed with several fresh portions of benzene. in dry benzene (40 ml) was degassed by bubbling with nitrogen 
Evaporation of the combined filtrate and washings yielded a and then treated with n-butyllithium in hexane (6.21 ml of
colorless, semicrystalline residue (1.98 g, presumably contained 15.20%  solution, 10.0 mmol). The mixture was stirred un er
some LiCl) whose only organic constituent was 16, judging from nitrogen for 2.1 hr, combined w_ith a freshly prepared solution
the material’s nmr spectrum. of quinone methide 2  [from 2.55 g (10.0 mmol) of phenol 1

Tri-n-butyl(a-phenyl-3,5-di-f - butyl -4  - hydroxyphenethyl )phos- and 1.06 g (10.5 mmol) of triethylamine] in dry benzene (60
phonium Chloride (19a).—n-Butyllithium (12.25 ml of a 15.20%  m l), and refluxed vigorously with stirring under nitrogen for 92.5
solution in hexane, 19.8 mmol) was added under nitrogen to a hr. Acidification with anhydrous HC1, followed by suction
well-stirred suspension of powdered benzyltri-»-butylphospho- filtration, washing of the recovered LiCl with dry benzene, and
nium chloride32 (6.60 g, 20.1 mmol) in dry benzene (75 m l). Stir- evaporation under vacuum of the combined filtrate and washings
ring under nitrogen was continued for 2 .0  hr; then a freshly pre- afforded a semisolid residue which was shown to be mostly the
pared solution of quinone methide 2 [20.0 mmol, from 5.10 g phosphonium chloride 19b (6.21 g, crude yield 108% ) by nmr
(2 0 .0  mmol) of phenol 1 and 2 .1 1  g (20.9 mmol) of triethylamine] analysis (CDCls): 8 7 .27-7 .49  (AA' portion of A A B B X  m
in dry n-heptane (90 ml) was added to the stirred mixture during having X  =  phosphorus, 2, aromatic H meta to CH30 ) ,  6.80
------------------- 7.02 (B B ' portion of the A A 'B B 'X  m overlapping with s at

(29) C. R. Bohn and T . W. Campbell, J, Org. Chem., 22, 458 (1957). 5 3 5  m arom atic H ortho to  C H 3O, arom atic H meta
(30) J. Lee, A. Ziering, E. Berger, and S D. Hcincman, Jubilee Vol. ^  g_3g (broa(J s \  OH ), 4.45 (overlapping dt appearing

Dedicated Emil Christoph Bareli, 264 (1946): Chem. Abstf., 41, 6246 (1947). h - r — 15 ¡4.» -  8 Hz A rC IL C H P )
(31) We are indebted to Dr. J. J. R. Reed for performing this computation. f  » five-peak TO, 1, J m ; -  15, J hh -  8  Hz,
(32) G. Witschard and C. E. Griffin, J. Chem . Eng. D ata, 9, 255 (1964). 3.80 (s, 3, CH30 ) ,  3.29 (distorted t ,  2, J HP - J sb. — 8  Hz,
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ArCH2CH P), 2 .2 -2 .6  (m, 6 , 3 CH2P r), 1 .2 -1 .7  (m with intense g, 1.0 mmol) was then added with s tirring, and the solution was
s at 1.34 ppm, 30, 3 CH2CH2CH 3 and 2 ¿-Bu), and 0.91 ppm allowed to stand at room temperature for 3.3 hr. Evaporation
(highly distorted t, 9, J  =  6  Hz, 3 CH2CH3). under vaceum left an oily residue t  rat solidified when scratched.

Reaction of Phosphonium Chloride (3) with n-Butyllithium —  Drying of the solid on a porous plate gave snow-white miero-
n-Butyllithium solution (15.20%  in hexane, 1.24 ml, 2.00 mmol) crystals, mp 8 9 .5 -90°, which were shown to be essentially pure
was added to a mixture of 3 (0.914 g, 2.00 mmol) and dry benzene 8  by a mixture melting point detern .¡nation and nmr analysis.
(20 ml) that had previously been degassed by the freeze-thaw A solution of quinone methide ;:0  (0.073 M) and tri-n-butyl-
method and blanketed with nitrogen. After 2 .0  hr of stirring phosphine (0.160 M ) in C6D 6 was examined by nmr 2 -3  min
at room temperature, the mixture was stirred for 1.0 hr under after preparation. The spectrum showed that 20 had undergone
vigorous reflux, cooled (all operations described thus far were quantitative conversion to 8  during the brief reaction period,
performed under nitrogen), saturated with anhydrous HC1, and
filtered with suction. The precipitate (an infusible, hygroscopic R e g is try  N o .-T r i  butyl phosphine, 998-40-3; 2, 2607-
white powder: presumably LiC l) was washed with several small 6  J  c . „ ", %  oc „ 0  0 1 . . 1  aa . .
portions of benzene, and the combined filtrate and washings were 52-5; 3, 2 4 1 b 4 -8 4 -9 ; 4, 2 4 I6 4 -5 0 -U ; o, 2 I4 4 y -o y -4 ;
evaporated under vacuum. Nmr analysis showed that bisphenol 13, 24164-86-1; 16, 24164-87-2; 19a, 24164-88-3;
9 (yield, 5 5 -6 5 % ) and phosphonium chloride 3 (recovery, 3 0 - 1 9 k , 24164-89-4.
40% ) were major constituents of the semisolid residue (0.95 g).
These identifications were confirmed by peak enhancements
produced by the addition of authentic specimens, and the Acknowledgment.— The at thors are indebted to Mr.
presence of 9  was also indicated by vpc and mass spectral analysis. H . J. Tarski for invaluable technical assistance, to

trans-3,5-Di-f-butyl-4-stilbenol (8) from 4-Benzylmethylene- b)r JJ. G. Schutze for enc luragement and support,

n in e 1 i S S t e t t S t g T i  “ S  in 'd V b e n T e n S  ml) was and to numerous colleagues n the Analytical Division
degassed by bubbling with nitrogen. Tri-n-butylphosphine (0.20 of this laboratory for help wi1 h analytical problems.

Diels-Alder Adducts of Acetoxy-1,3-dienes and p-Benzc quinone
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Cyclic acetoxy-1,3-dienes, generated in situ from 1,3-cyclohexanediones or isophorone, i ndergo Diels-Alder 
reaction with p-benzoquinone to afford 5,8-ethano-4a,5,8,8a-tetrahydro-l,4-naph-hoqumone derivatives. The 
hydrolysis, aromatization, and Grob fragmentation of these derivatives are discussed.

The first paper2 in this series described the in situ Attempts to condense p benzoquinone with other 
generation of acetoxy-1,3-dienes by the reaction of conjugated carbonyl compcunds such as crotonalde-
isopropenyl acetate with a variety of cyclic enones hyde, tiglaldehyde, and 2-cyclopentylidene-cyclopen-
and diones, and their reaction with maleic anhydride. tanone3 gave tars and no recognizable products other
We now report the reaction of these acetoxy-1,3-dienes than hydroquinone diacetate. Mesityl oxide also
with p-benzoquinone and describe the hydrolysis prod- gave a complicated mixture from which 4,7-dimethyl-
ucts obtained from the resulting adducts. 1,4-naphthoquinone (14%) and hydroquinone diacetate

When dimedone (2, R  =  CH 3) or 1,3-cyclohexane- (43%) were isolated. The naphthoquinone probably
dione is heated with an equivalent amount of p-benzo- arises by elimination of aceti; acid and dehydrogenation
quinone in isopropenyl acetate containing a catalytic of the 1 :1  adduct produced from 4-aeetoxy-2-methyl-
amount of p-toluenesulfonic acid, crystalline adducts 1,3-pentadiene.
1 and 3 are obtained in about 55% yield.

2 O
1, R = CH3 . . „ , , ,
3, R = H The isolation of adducts 1, 3, 4, and 5 is surprising

T . . . . .  , .... , , , , in view of the powerful enol acetylating conditions em-
Isophorone, which gives two different enol acetates, l d in this Diels_Alder 30ndensation. The failure 

similarly afforded a mixture of adducts 4 and 5 in a to jnduce aromatization m£,y  in part be attributed to

ra 10' the inherent strain of the bicyclo[2.2.2]octadiene sys-
CH3. ,CH:; CH3. CH3 t em which would be produc id since treatment of 1 and

3 with aqueous acid resulted in hydrolysis of both ace- 
( „  (  \ tate groups and aromatiza don to give ketoquinols 6a

AcO

H  ( 1 ) D a v id  Rosa F e llo w , 1968-1969.
C H 3 OAc (2 ) C . M .  C im a ru s t i a n d  J. W olinsk;%  J . Amer. Chem. Soc., 90 , 113 (19 6 8 ).

11 (3) T h is  c o n ju g a te d  k e to n e  reacts re a d ily  w i th  m a le ic  a n h y d r id e  u n d e r
^  th e  c o n d itio n s  o f th is  D ie ls -A ld e r  re a t t io n  to  g ive  a 1 :2  a d d u c t, w h ic h  w i l l

4  5  be described in  a fo r th c o m in g  p u b lic a tio n .
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and 6b, which are readily characterized as triacetate wi/e 330 and the nmr spectrum showing three aromatic
derivatives 7a and 7b. Adduct 4 behaves in a similar protons centered at 7.0, a single vinyl hydrogen at
fashion. 6.1, a singlet benzylic proton at 3.43, two acetate reso-

R R R R nances at 2.35 and 2.25, and a vinyl methyl resonance
\Z  at 1.79 ppm confirm the structural assignment 10.

/  /  QRi The formation of 10 undoubtedly involves a Grob
0 H+ type of fragmentation4 of an intermediate hydroxy-

^ 1 .  7"'-U—'t — v [I | enedione 11 as pictured in Scheme I.
Birch and coworkers5 have observed a facile Grob 

X  I fragmentation of the methoxy derivative 12 on treat-
0 1 ment with acid. We have confirmed that 12 is con-

1 or 3 f ’ “  3: 1 — 3 verted into vinyl ether 13 under conditions as mild asD, Iv — K[ — 11
7a, R  =  CH3; R, =  Ac y|
b, R =  H; R, =  Ac < 9  n

Me° x U ^ J L
Base-catalyzed aromatization, on the other hand, |j _  ̂ / \ __/  V —OMe

proceeds rapidly; 1, 3, and 5 are transformed into 6a, \ — /  \ /  6
6b, and 8, respectively, by brief heating with aqueous [f
sodium bicarbonate solution. Aromatization of 3 O 13

with triethylamine in benzene followed by acetylation 12
gave triacetate 7b. |oh"

B y contrast, acid hydrolysis of 5 proceeds slowly and 
after acetylation affords a mixture of 8a, 9, and 10, /  OH
Scheme I. 8a and 9 crystallize together from the
reaction mixture and analysis of their nmr spectra /^L ! I
indicates the presence of 25% 8a. Column chroma- M J
tography permits the isolation of 9 (50%) and 10 (25%) e
in pure form. ()}I

Structural assignments for these compounds were 14
based on their spectral properties. Triacetate 9 dis-
played a molecular ion at m/e 372 and infrared absorp- heating in aqueous methanol. Compound 12 even 
tion at 11.22 n characteristic of a terminal methylene undergoes a Grob fragmentation on standing in deuter-
group. A  broad nmr doublet at 4.82 ppm integrating iochloroform. In basic media Birch6 found that 12 is
for two protons confirmed the presence of this group. converted into ketoquinol 14, with the hydrolysis of the

Diacetate 10, an oil, displayed absorption at 5.68 vinyl ether most likely occurring during the acid work- 
and 6.0 ¡x indicative of aromatic acetate and a,(3-un- UP- The quinols 14, 8, 6a, and 6b have not been ob-
saturated carbonyl groups. The molecular ion at served to undergo Grob fragmentation in acid media.

In conclusion it is seen that the hydrolysis of 5,8- 
Scheme I ethanotetrahydro-1,4-naphthoquinone derivatives de-
CH CH pends upon the nature of the bridgehead substituent

y/  1 and on the use of acidic or basic conditions. Basic
Z' 9R conditions rapidly aromatizes these adducts yielding

CH.j v 'uX ^ ^ L  the corresponding quinols.6 Aromatization is much
I ] slower under acidic conditions and appears to be espe-

O R ^ ^ r  daily  slow when a double bond is present in the bicyclic
* | ring system. The presence of a bridgehead methoxy

i oh- /  group induces a facile Grob-type fragmentation. This
2. Ac2o /  o8’ r ^ a is attributed6 to the ability of a methoxy group to stabi-

/  a, — c ] jze the incipient positive charge which develops during
„  pu ' r  ru pu  1  the fragmentation reaction. Grob fragmentation does

LH3\ y LHl ch3 ch3 not compete favorably with aromatization when the
S\ s \  bridgehead substituent is acetoxy, but may do so

G H . J J L  Q 1. h+ 9 when it is hydroxy.

2 aco/  Experimental Section7
OAe |j /  HO: || l,3-Diacetoxy-10,10-dim ethyl-l,4,4a,8a-tetrahydro-l,4-ethano-

O /  L  +OH J  naphthalene-5,8-dione (1).— A solution of 7 .0  g of dimedone and

** /  ^  (4 ) C . A . G ro b  a n d  P . W . Schiess, Angew. Chem., ini. Ed., Engl., 6 , 1
/ I (1967)

CH3 CH3 r  ’  (5 ) A . J . B irc b , D .  N .  B u t le r ,  a nd  J. B . S id d a ll, J. Chem. Soc., 2932, 2944

A  n v  CH3 CH3 OAc (1964).
/  | \ /  /  (6) T h e  co n ve rs io n  o f th e b a in e q n in o n e  to  th e  th e b a in e q u m o l app ears to

C H 2 V  J L  p. /  \  Z  \  fa l l  in  th iB  ca te g o ry ; cf. K .  W . B e n tle y  a n d  J . C . B a ll,  J. Org. Chem., 23,
X X  U = \  /  \ ___ /  1720 (1958), a n d  references c ite d  th e re in .

' ---- (  ) -------- '  (7 ) A l l  m e lt in g  p o in ts  are  un co rre c te d . In fra re d  spectra  w ere  m easured
f t r O  p p  O A c  w i th  a P e rk in -E lm e r  In fra c o rd  sp e c tro m e te r. N m r  spectra  were d e te rm in e d

|  'i* w i th  a V a ria n  Associates A -6 0  sp e c tro m e te r. T h e  m ass sp e ctra  were
O A c  10 m easured w ith  a H ita c h i E M U - 6 D  mass sp e c tro m e te r. T h e  m icro ana lyses

g  were p e rfo rm e d  b y  D r .  C . S. Y e h  a nd  associates.
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5 .4  g of p-benzoquinone in 60 ml of isopropenyl acetate con- (18), 136 (20), 123 (42), 109 (31), 108 (39), 91 (16), 82 (8 6 ), 79
taming 25 mg of p-toluenesulfonic acid was refluxed for 40 hr. (17), 77 (22), 54 (28), 43 (100).
The volume was reduced to 30 ml under diminished pressure and Anal. Calcd for CnH2o04: C, 70.81; H, 6 .99. Found: C,
the resulting solution was cooled to —20°. The solid, 8.13 g, 70.88; H, 6.90.
was removed and recrystallized from hexane (Norit) to give pale The mother liquor obtained from the crystallization of 5 was
yellow crystals: mp 121-123°; ir (Nujol) 5.65 (sh), 5.73, and saturated with pentane and cooled to - 2 0 °  overnight to give
5.99 m; nmr S (CDCI3) 0.98 (s, 3 , CH3), 1.18 (s, 3, CHS), 1.42 17.5 g of solid. Concentration and cooling gave a second crop
and 2.41 (AB q, 2, J  = 12.5 Hz, -C H 2- ) ,  2.07 (s, 6 , -O A c), of 6.5 g. Nmr analysis of these solids indicated the presence
2.57 (m, 1), 3.32 (d of d, 1 , J  =  2.5 Hz, J  =  9 Hz, C— l i 8a), of adduct 4 contaminated by ca. 17%  of 5. A sublimed sample
3.87 (d, 1 ,J  = 9 Hz, C— H4„), 5 .8  (d, 1, J  = 2 .0  Hz, -C = C H ), of 4 showed mp 6 8 -7 2 °; ir 5 .7  and 6.0 nmr (CDC1S) 0.98 and
6.62 ppm (s, 2, CO— C H = C H — CO); mass spectrum (75 eV) 1.12 (s’s, 6 , CH3— C— CH3), 1.19 (s, 3, CH3), 2.06 (s, 3 , OAc),
m/e (relative intensity) 332 (0.15), 290 (17.5), 248 (16), 230 2.68 (m, 2, -C H 2- ) ,  3.35 (d of d, J  =  9 Hz, J  = 3 Hz, CH ),
(10), 182 (19), 140 (35), 125 (40), 110 (12), 69 (15), 43 (100). 5.5 (d, 1, J  =  2 Hz, H— C = C ), and 6.61 ppm (s, 2 , CO— C H =

Anal. Calcd for C i8H20O6: C, 65.05; H, 6.07. Found: C, CH— CO); mass spectrum (75 eV) m/e (relative intensity) 288
65.10; H, 6 .05. (14), 273 (11), 246 (24), 231 (32), 228 (25 ) 213 (7), 190 (11),

Hydrolysis of 1.— A mixture of 370 mg of adduct 1 and 30 ml 180 (19), 138 (58), 137 (15), 124 (13) 123 (100), 91 (10), 82 (32),
of 0 .1  N  hydrochloric acid was refluxed for 24 hr. The mixture 43 (25).
was cooled and extracted with ether. The ether solution was Hydrolysis of 4 .— A solution of 3.71 g of 4 in 40 ml of 50%  
washed with saturated salt solution and dried (M gS04). The aqueous methanol containing a few milliliters of concentrated
ether was evaporated leaving an oil which was purified by thick hydrochloric acid was refluxed for 24 hr. Work-up gave an oil
layer chromatography using silica gel and ether to give 262 mg whose nmr spectrum showed the absence of acetate methyl signals.
(96% ) of liquid ketohydroxyquinol 6a: ir (neat) 3 .0  and 5.82 p; Treatment with acetic anhydride-pyridine yielded 1 g of a
nmr S (CDsCN) 0.74 (s, 3, CH8), 1.1 (s, 3 , CH3), 1.92 (m, 2, ketoquinol diacetate derivative which was recrystallized from
- C 9 H2), 2.45 (d, 2, C 2 H2), 3.54 (s, 1, C8 H ), 6.55 and6.79 (AB q, benzene-hexane and exhibited mp 141-142°.
2, A r—H ), 6 .1, 7.76, 8.94 ppm (s’s, 3 , -O H ). Anal. Calcd for C19H220 i :  C, 69.07; H, 6 .77. Found: C,

Quinol 6a was dissolved in 1 ml of acetic anhydride and 2  ml of 69.07; H, 6.71. 
pyridine and kept at ambient temperature for 24 hr. The excess Hydrolysis of 5. A. Acidic Conditions.— A solution of 2.50
reagents were evaporated under diminished pressure and the g of 5 in 50 ml of ethanol containing 0.5 ml concentrated hydro-
resulting oil was dissolved in ether and the solution washed with chloric acid was refluxed for 72 hr. The solution was concen-
saturated salt solution and dried (M gS04). The ether was trated to a volume of 30 ml, and 200 ml of ice water was added,
removed and the resulting solid recrystallized from benzene- The mixture was extracted with ether and the ether solution was
pentane to give 200 mg of triacetate 7a: mp 161-162°; ir washed with dilute sodium bicarbonate solution and saturated
(Nujol) 5.66 and 5.75 n; nmr S (CDC13) 0.74 (s, 3, CH3), 1.19 brine solution. The ether solution was dried and evaporated
(s, 3, CH3), 2.11, 2.26, 2.28 (s’s, 9, -O A c), ~ 2 .1  (m, 2, -C H 2), leaving an oil which was taken up in 20 ml of acetic anhydride
2.91 (d, 2, C 2 H2), 3.38 (s, 1, C 4 H), 6 .8 8  and 7.1 ppm (AB q, 2, and 10 ml of pyridine. The solution was kept a t ambient tem-
J  = 9 Hz, Ar—H ). perature for 30 hr. The usual work-up gave 1.75 g of white

Anal. Calcd for C2oH220 7: C , 64.16; H, 5 .92. Found: C , solid and 1.13 g of oil. Nmr analysis of the solid indicated it was
64.14; H , 5.67. comprised of 40%  8a and 60%  9. The oil showed two components

l,3-Diacetoxy-l,4,4a,8a-tetrahydro-l,4-ethanonaphthalene-5,8- on tic (silica gel). Chromatography of the oil on silica gel and
dione (3).— The reaction of 8 .8  g of 1,3-eyclohexanedione and elution with hexane-ether gave 10, while elution with hexane-
8.5 g of p-benzoquinone was carried out as described above and ethyl acetate gave 9.
gave 10 g (58% ) of adduct 3. Several recrystallizations from A. sample of 9 was recrystallized from benzene and showed mp
ethyl acetate-hexane gave an analytical sample: mp 114-115.5°; 116-117°; ir (CHC13) 5.67 and 1 1 .2 2  nmr l.CDCls) 0.68 and
ir (Nujol) 5.7 and 6.0 M; nmr 8 (CDC13) 2.08 (s, 6 , OAc) and 1-13 (s’s, 6 , CH3— C— CH3), 2.11, 2.22, and 2.29 (s’s, 9, -O A c),
5.79 ppm (d, 1 , J =  1.8 Hz, -C = C H ); mass spectrum (75 eV) 4.82 (broad d, 2, C = C H 2), 6 .8  and 7.01 ppm (AB q, 2, Ar—H );
m/e (relative intensity) 304 (1.5), 262 (55), 220 (72), 192 (25), mass spectrum m/e (relative intensity) 372 (38), 368 (8 .2), 330
162 (22), 154 (57), 112 (8 8 ), 82 (28), 43 (100). (18), 316 (17), 274 (13), 232 (42), 190 (30), 43 (100 ).

Anal. Calcd for Ci6H160 6: C, 63.15; H, 5 .30 . Found: C , dl * ceta4e J ?  f h° ' ? ri , l rT (C” C1)!,;5-68, Ml  nm5
62.92* H 5 38. (CDCI3) 0.78 and 1.15 (s s, 6 , CH3— C— CH3), 1.79 (d, 3, J  =  1

Hydrolysis of Adduct 3 . A. Acidic Conditions.— A mixture Hz, CH3C==C), 2.12 (s 2, -C H 2-),^2.25 and 2.35 (s s, 6 , -O A c),
of 1 .0  g of 3 and 40 ml of 0 .1  N  hydrochloric acid was refluxed 3 '4 3  <?. * ’ A r C H ^ ’ 6 ’1 /_s2 7 -.°. PPm (A BC m > 3 ’
for 100 min, cooled, saturated with salt, and extracted with mass spectrum (75 eV) '“ f  ( ^
ether. After drying, the ether was evaporated to give 750 mg of 12.8.8  j 3 7 ) ’ 2 7 2  L v J n n a V  ( } ’ ( )’ 9  ( )’
ketohydroxyquinol 6b: ir 3.06 and 5.82 „ ; nmr [(CD3)2SO] 16^ 14) ’ 1 4 7 * *  <4 4 \ 43  ^  , n
6.5 and 6.7 ppm (AB q, 2, J  =  9 Hz, A r - H ) .  B ( Basic C onditions.-A  solution of J  .0 g of 5 in 15 ml of

tt , t , , , ,  . . ,  11 methanol and 15 ml or saturated sodium bicarbonate solution was
u S o f  6byS1S ethanollc hydrochloric acid gave the same refluxed for 15 min, cooled, and added to 100 ml of saturated

^ „  . . salt solution. Extraction with ether, followed by washing the
The triacetate 7b was obtained by treatment with acetic ether solution with 10%  hydrochloric acid, and then evaporation 

anhydride and pyridine and after recrystalhzation from benzene Gf ejher gave an oil which showed no carbonyl absorption in
pentane exhibited mp 157-158 . the ir. The oil was dissolved in 15 ml of acetic anhydride and 7

Anal. Calcd for CisHigCb: C, 62.42; H , 5 .24. Found: C , ml 0f pyridine. The resulting solution was kept at ambient
62.27; H, 5.05.  ̂ temperature for 17 hr and after removing the volatile reagents

B . Basic Conditions.— Adduct 3 (1.0 g) was heated with in vacuo and crystallization from benzene-hexane there was
sodium bicarbonate in aqueous methanol for 15 min. Work-up obtained 800 mg of a white solid, 8a: mp 166 .5-167 .5°; nmr
gave a product whose nmr spectrum showed the absence of (CDC13) 0.61 and 1.05 (s’s CHS— C— CH3), 1.87 (d, 3, J  =  1.1
acetate methyl signals. Acetylation of the crude hydrolysis Hz, CH3C = C ) , 2.15, 2 .2 1 , and 2.28 (s’s, 9 OAc), 6 .1  (broad s,
product afforded 600 mg of a crystalline solid, mp 157-158°, 1 , C = C H ), 6 .6 6  and 6 .8 8  ppm (AB q, 2, J  = 9 Hz, Ar— H );
which was identical with the triacetate obtained by acid hydroly- mass spectrum (75 eV) m/e  (relative intensity) 372 ( < 1 ), 316
sis of 3- (14), 274 (18), 232 (22), 190 (29), 111 (61), 97 (85) 95 (72), 71

3-A cetoxy-l,10,10-trim ethyl-l,4,4a,8a-tetrahydro-l,4-ethano- (82), 55 (1 0 0 ), 43 (1 0 0 ).
naphthalene-5,8 -dione (4) and l-Acetoxy-3,10,10-trimethyl- Reaction of Mesityl Oxide and p-Benzoquinone.— The reaction
l,4,4a,8a-tetrahydro-l,4-ethanonaphthalene-5,8-dione (5).— The of 3.0 g of mesityl oxide and 3.3 g of p-benzcquinone was con-
condensation of 25.6 g of isophorone with 20 g of p-benzoquinone ducted in the usual manner and afforded 6.0 g of solid which
gave a first crop of 10 g of adduct 5. An analytical sample of 5 showed several components on tic. Chromatography of 1.0 g
was obtained by sublimation in vacuo and displayed mp 119- of this solid on silica gel gave 140 mg of 5 ,7-dimethyl-l,4-naphtho-
1 2 1 °; ir (Nujol) 5.74 and 6.0 jj; nm r0.9 and 1.18 (s’s, 6 , CH3—  quinone, mp 124-126° (lit .8 mp 128-129°), 426 mg of 1,4-
C— CH3), 1.7 (d, 3, J  =  1.5 Hz, CH3C = C ) , 2.1 (s, 3, OAc), and diacetoxybenzene, and 434 mg of unidentified tars.
6.64 ppm (s, 2, CO— C H = C H — CO); mass spectrum (75 eV) ----------------
m/e (relative intensity) 288 (9), 246 (10), 190 (20), 180 (48), 139 (8) H . V . E u le r  a n d  H . H a sse lqu is t, Ark. Kemi, 2 , 867 (1950).
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Registry No.— p-Benzoquinone, 106-51-4; 1, 24097- 24215-68-7 ; 6b, 24097-84-5; 7a, 24097-85-6; 7b,
79-8; 3,24097-80-1; 4,24097-81-2; ketoquinol diace- 24097-86-7 ; 8a, 24097-87-8 ; 9,24097-88-9; 10,24097- 
tate derivative of 4, 24097-82-3; 5, 24097-83-4; 6a, 89-0.

H alom ethyl M etal Compounds. X X X II . Insertion of 
Phenyl(brom odichlorom ethyl)m ercury-D erived Dichlorocarbene into  

Carbon-Hydrogen Bonds. Alkanes and Alkylfoenzenes1

D ie t m a r  S e y f e r t h , J a m e s  M . B u r l it c h ,2 K e i j i  Y a m a m o t o , 3 S t e p h e n  S . W a s h b u r n e ,4
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Phenyl(bromodichloromethyl)mereury has been found to insert CCI2 into aliphatic C -H  bonds. M ost reactive 
in this reaction are tertiary C -H  bonds; secondary C -H  bonds are less reactive and no such insertion into methyl 
group C -H  bonds was observed. T h s  cases of 3-methylcyclohexene and (rans-Me3SiC H =C H C H M e2 showed 
that a tertiary C -H  bond can even compete for CCk in some measure with a C = C  bond. In  the case of alkyl- 
benzenes such as ethylbenzene and cumene, CC12 insertion occurred exclusively in the benzylic position. These 
reactions are of preparative utility. A mechanism involving a transition state ( I I I )  in which the carbon atom 
at which the C -H  insertion is occurring bears a partial positive charge is suggested. The first case of an inser
tion of C Br2 into a C -H  bond (of ethylbenzene) is described.

The insertion of singlet state CH 2 into C -H  bonds of pound identified by analysis and its nmr and ir spectra
of alkanes (-*- C -C H 3 groups) is a well-known reac- as (dichloromethyl) cyclohexane (32%). Dichlorocar-
tion,5 but in 1962 an analogous insertion of a dihalo- bene insertion into a completely unactivated C -H
carbene into any kind of a C -H  bond had not yet been bond in a preparatively useful yield was unprecedented
encountered. During our early work on the C X 2 and most surprising. Clearly, further studies were
transfer reactions of phenyl (trihalomethyl) mercury called for.
compounds,7 we sought to study the thermolysis of The unactivated secondary C -H  bond is very low 
PhHgCCl2Br and PhH gCCl3 in an inert medium. In on the scale of reactivity toward CC12. Under the
view of the apparent lack of reactivity of CC12 derived usual conditions which serve in the high yield dichloro-
from other sources toward C -H  linkages, n-heptane was cyclopropanation of olefins (3 mol of substrate to 1
chosen as the "inert”  medium. When phenyl(tri- mol of PhHgCCl2Br in benzene solution at 80°), the
chloromethyl) mercury was heated at reflux in n-heptane reaction of phenyl(bromodichloromethyl)mercury with
solution under nitrogen, phenylmercurie chloride pre- cyclohexane proceeded very poorly, (dichloromethyl)-
cipitated (ca. 80% yield), and one of the volatile prod- cyclohexane being obtained in only trace yield. How-
ucts obtained in very low yield upon work-up of the ever, tertiary aliphatic C -H  bonds were found to be
filtrate (glpc) was found by combustion analysis to have more reactive. Thus, under these standard reaction
the empirical formula C 8H16C12, i.e., (C7H16 +  CC12), conditions PhHgCCl2Br served to convert methylcyclo-
an insertion product of CC12 into heptane. Because hexane to l-methyl-l-(dichIoromethyl)cyclohexane in
several isomeric (dichloromethyl)heptanes were possi- 15%  yield and 2-methylhexane to l,l-dichloro-2,2-
ble, it was decided to study this novel reaction with a dimethylhexane in 20% yield (eq 1). In neither case
simpler substrate, cyclohexane. The decomposition 
of phenyl(bromodichloromethyl)mercury in refluxing
cyclohexane during 3 hr gave phenylmercurie bromide / V cn' ,— , q j
(77%), tetrachloroethylene8 (26%), cyclohexyl bromide ,— ------- *- /  3
(22% , based on available bromine), and a new com- PhHgCCl2Br - /  ch:ich2crchachj3 N— / (i)

(1) (a) P a r t  X X X I :  D .  S e y fe rth  a n d  K .  V. D a rra g h . J. Org. Chem., \ ______________ 3 ______n-C4H9C— CH3
70, 1297 (1970). (b ) p re lim in a ry  c o m m u n ic a tio n : D .  S e y fe rth  a nd  J . M .  ^ P P l  H
B u r litc h ,  J. Amer. Chem. Soc.: 8S, 2667 (1983). ^  ‘

(2) National Institutes of Health Postdoctoral Fellow, 1964-1965.
(3) P o s td o c to ra l R esearch A ssocia te , on le a ve  fro m  th e  D e p a r tm e n t o f

S y n th e tic  C h e m is try , F a c u lty  o f E n g in e e rin g , K y o to  U n iv e rs ity ,  1968-1969. i n s w f i n n  i n t n  P H L  Or OTOlins o b s e r v e d ’
(4) N a tio n a l Science F o u n d a tio n  P re d o c to ra l F e llo w , 1 9 6 4-1 966 ; U n io n  W a s  a n y  i n s e r t i o n  i n t o  O r  U ± l 3 g r o u p s  O D S e r v e a ,

C a rb id e  F e llo w , 196 6-1 967 . insertion into the methine C -H  appeared to be the
(5) P o s td o c to ra l R esearch A sso cia te , 1967-1968, exclusive process. These limited data Suggest a
(6) (a) W . K irm s e , "C a rb e n e  C h e m is try , ”  A ca d e m ic  Press, N e w  Y o rk ,  . TV 1______

N. Y., 1964, C h a p te r  2 ; (b ) J . H in e , “ D iv a le n t  C a rb o n ,”  R o n a ld  Press C o ., reactivity S G Q JG n C G  for aliphatic C H bonds HI e 
N e w  Y o rk ,  n. y ., 1964, c h a p te r  2 ; (c) d. f. R in g  a n d  b . s. R a b in o v itc h ,  order tertiary C -H  >  secondary C -H  > primary C-H .
Can. ]. Chem., 46, 2435 (1968), and earlier references cited therein. Indirect Confirmation for this Was provided in experi-

(7) F ir s t  re p o r t:  D . S e y fe rth , J. M .  B u r litc h ,  a n d  J . K .  H eeren, J. Org. . ,  , T
Chem., 2 7 ,1491 (1962). ments with cyclohexene and 3-methylcyclohexene. In

(8) T e tra c h lo ro e th y le n e  is  th e  p ro d u c t o f d e co m p o s itio n  o f P h H g C C U X  c a s e  o f  t h e  f o r m e r ,  r e a c t i o n  w i t h  P h H g C C l 2B r  a t

( X  =  C l o r B r )  in  th e  absence o f su b s tra te  capab le  o f t ra p p in g  d ic h lo ro -  g Q o 7 , 7 - d i c h l o T O n O r C a r a n e  a s  t h e  s o le  p r o d u c t
carbene and u s u a lly  is  fo u n d  in  lo w  to  m o d e ra te  y ie ld  m  rea a tio n s  w h ere  th e  &  ; , , i  x x . * .
s u b s tra te  is  o n ly  p o o r ly  re a c tiv e  to w a rd  C C I2 .9 (6 C [ h u t  W i t h  3 - I X l 6 t h y l c y c l o h 6 X 6 n 6 j  W h C P G  a  t G r t i a r y

(9) D . S e y fe rth , J . M .  B u r l i tc h ,  R . J . M in a s ih  J. Y .-P . M u i,  H . D . S im -  C “ H  bond i s  a v a i l a b l e  to C O m p G tG  w i t h  t l l G  C = C  bond
m ens. J r „  A. J . -H .  T re ib e r, a n d  S . R. D o w d , J, Amer. Chen. S a c ,  87, 4259 f^  ^  ^  C = C  addition and C -H  insertion were
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that only minute yields of such insertion products were 
_PhHgcci2Br̂  r  (2) obtained when the low-temperature CH Ch-i-BuO K  and

^ '  C C l3C 0 2E t-N a0M e CCl2-generating systems were
used. 13 Fields commented that it appeared that the 

PhHgcci2Br \ [>C12 , f  1  additional thermal energy associated with the sodium
*■  >< + y\  3 trichloroacetate procedure (80-85° reaction tempera

t e  H H3C H H3C CC12H ture) was an important factor and suggested that the
70^ 9% CC12 insertion reaction mechanism may not be identical

with the “ normal” carbene insertion mechanism, i.e. 
observed (eq 3) . 10 A  similar observation was made that of CH 2 into C -H  bonds.
with vinylic silanes of the type Me3S iC H = C H R . A  It  was, of course, of interest to study analogous reac- 
mixture of cis- and ¿mras-propenyltrimethylsilane gave tions with phenyl (bromodichloromethyl) mercury for
only the expected C = C  addition products,9 as did a purposes of comparison, and we have carried out a
mixture of trans-Me3SiCH==CHC4H 9-n and Me3Si- brief investigation of the thermolysis of this mercurial
(n-C4H 9)C = C H 2 (eq 4). In contrast, the tertiary jn ethylbenzene and in cumene to see if results similar

to those of Fields would be obtained. Such was the 
Me3SS = r / H + MesSi\  / H  phHgcci2Br> caSe, except that our yields of PhCH (M e)CCl2H and

~  C4H9 * PhCM e2C C l2H, 35 and 58%, respectively, were ap-
9 4 9 proximately double those reported for the sodium tri-

(7:3) chloroacetate procedure. In the case of the reaction
Me,Si H Me3Si H with cumene, two by-products, tetrachloroethylene

M l___  (4%) and l,l-dichloro-2-methyl-2-phenylcyclopropane
4 . NT A (4 ) (2%), were identified. Since the cumene used had been

-4H9 HsC,.\y H rigorously purified of olefins before use, the presence of
Ch Ch the latter by-product may be indicative of a free-radical

60% 15% side reaction. 14 An example of the insertion of a C B r2

„ „ n r i M  4 ,, moiety into a benzylic G -H  linkage was provided b y
C  H bond of £rans-Me3SiCH CH CH M e2 competed decomposition of PhHgCBr3 in ethylbenzene at
effectively with the rather unreactive19 Me3Si-substitu- 85o ^ . D ibromoisopropylbenzene was obtained in 
ted C C bond (eq 5). This tertiary C -H  bond is also 6.5% yield. The low yield probably is not a good indi-
allylic and hence, should be more reactive than that cation of the efficiency of the reaction since the isolation
of 2-methyIhexane. and purification of the unstable, high-boiling product
M q. tt proved to be difficult. 15

03 1'xc = c /  PhHgccuBr̂  We shall defer a, more detailed discussion of the
^CMe2 mechanism of the insertion of dichlorocarbene into

| C -H  bonds until a later paper of this series. The
H reactivity sequence observed (tertiary C -H  >  sec-

Meg. H ondary C -H  »  primary C-H ), as well as the activa-
3 | Me3Siv  ̂ tion by adjacent phenyl groups may be rationalized

Y  7| _|_ H/C==C'XCM 111 terms of either a radical process (eq 7) or a polar
H\y/CHMe2 | e2 1,31 process in which a significant partial positive charge is

Cl2 CC12H placed on the carbon atom into whose bond to hydrogen
595k 27% the CC12 insertion is taking place (eq 8  shows the ionic

extreme). To date no evidence for the occurrence of 
We were diverted from our intention of continuing ,

studies of purely aliphatic systems by the report of —C—H + CC12— >- — ¿..C C I2H — CCCUH (7;
Fields13 that dichlorocarbene (generated via sodium I L | J 1

trichloroacetate pyrolysis in 1 ,2 -dimethoxyethane) in- 1 T i l l
serted very specifically into benzylic C -H  bonds of — C—H -f CC12— >■  —- C +_CC12H — > —CCC12II (8}
alkylbenzenes such as ethylbenzene, cumene, p-diiso- I L I J I
propylbenzene, tetralin, and diphenylmethane (eq 6 ). 1

The yields ranged from 17 to 39%. It  was noteworthy CC12 in the diradical triplet state has been reported,
R R and in its well-developed chemistry there has been no

,—, | r— , | indication of radical reactions; all of the reactions of
/  C— R' — b-* (( \ — C— R' (6) CCb are best rationalized in terms of a singlet configura-

) \ = /  I tion. 16 Thus a polar process such as that shown in its
________ 2 1 extreme ion pair form (I) in eq 8  would be more in agree-

(10) O f in te re s t in  th is  co n n e c tio n  is  th e  f in d in g  b y  R u n g  a n d  B iss inge i-u  ment with the known reactivity of CC12. It is our
t h a t  th e  re a c tio n  o f cyc lohexene w ith  C C I2 genera ted  b y  th e  p y ro ly s is  o f
c h lo ro fo rm  a t  5 0 0 -6 0 0 ° p ro d u ce d  n o t  o n ly  7 ,7 -d ic h lo ro n o rc a ra n e  (a n d  t o l -  (14) I t  has been sh o w n  th a t  a ~ m e th y ls ty re n e  ( fro m  w h ic h  th e  o bse rved
uene, th e  th e rm o ly s is  p ro d u c t o f th e  la t te r ) ,  b u t  a lso 3 - (d ic h lo ro m e th y l) -  c y c lo p ro p a n e  m u s t be d e riv e d ) as w e ll as b ic u m y l a re  p ro d u ce d  in  th e  i r -
cyclohexene. T h u s  th e  C - H  in s e r t io n  c h e m is try  o f  d ic h lo ro c a rb e n e  m a y  ra d ia t io n  o f p h e n a n th ra q u in o n e  in  cum ene: R . F . M o o re  a n d  W . A . W a te rs ,
depend h e a v ily  on  th e rm a l a c t iv a t io n .  O u r d iscussion  in  th is  pa p e r is  J. Chem. Soc., 3405 (1953).
re s tr ic te d  to  re a c tio n s  c a rr ie d  o u t  a t  80 ° o r  b e lo w . (15) O u r re ce n t re p o r t  o f th e  in s e rtio n  of P h H g C C lB r 2-d e r iv e d  C C IB r

(11) F . E . K u n g  a n d  W . E . B iss inger, J. Org. Chem., 29, 2739 (1964). in to  th e  b e n z y lic  C - H  b o n d  o f cum ene in  5 3 %  y ie ld  a lso sh o u ld  be  n o te d :
(12) D .  S e y fe rth  and  H . D e rto u zo s , J. Organometal. Chem., 11, 263 D . S e y fe rth , S. P . H o p p e r, a nd  T .  F . Ju la , J. Organometal. Chem., 17,

(1968). 193 (1969).
(13) E . K .  F ie ld s , J. Amer. Chem. Soc., 84, 1744 (1962). (16) R e ference 6a, C h a p te r  8 ; re f 6b, C h a p te r  3.
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belief that the formation of by-products such as cyclo- A  crude estimate of the relative reactivity of an 
hexyl bromide in the case of the PhHgCCl2Br-cyclo- allylic tertiary C -H  bond (vs. 1-heptene) can be ob-
hexane reaction and 1,1-dichloro-l-methyl-l-phenyl- tained from the results shown in eq 5. Here the total
cyclopropane in the PhH gCCl2Br-cumene reaction yield of products was 8 6 % , so that the relative yields
results from radical side reactions and that their forma- of the two products obtained can serve, as a first ap-
tion is in no way indicative of the mechanism of the proximation, as a measure of the relative reactivity of
insertion of CC12 into the C -H  bond. the C = C  bond and the tertiary C -H  bond in the

In the reactions under discussion CC12 is much more reactant, frans-Me3SiC H = C H C H M e2. This value,
selective than C H 2 in comparable reactions. 17' 18 For k(C— H )/fe(C=C), is 0.46. The relative reactivity vs.
instance, in the case of cyclohexene, CH 2 (from liquid 1 -heptene of the unsubstituted vinyl group attached to
phase CH 2N 2 photolysis) not only added to the C = C  silicon in the compound Me2E tS iC H = C H 2 toward CC12

bond but also inserted into all possible C -H  bonds at 80° is 0.069;21 so the relative reactivity of the tertiary
(eq 9). W ith 2,3-dimethylbutane, CH 2 insertion ap- C -H  of irans-Me3S iC H = C H C H M e 2 would be in the

order of 0.03 on that scale. We are assuming that the

O ch, C Y  3 4- trimethylsilyl group has no effect on the reactivity
15o" i P  of the C -H  bond in the 7  position; this, however, may

n o t  b e  th e  ca se . I t  is  th u s  u n d e rs ta n d a b le  w h y  esse n - 
37 parts par s t ia l ly  no C - H  in s e r t io n  c h e m is try  is  o b se rv e d  w ith

0CH3 C X 2 generating systems in which a trihalomethide ion
source is treated with an alkali metal alkoxide. In 

|] + T  ]  (9) such systems the side reactions occurring between the

C X 2 and the reagent used in its generation (or the 
26 parts 26 parts products derived therefrom) become the main pro-

. , , , , cesses when the substrate used as C X 2 trap is rather
peared to be nearly random with respect to available unreactive. The present study thus offers another
primary and tertiary C H bonds (eq 10). Subsequent example of the unique applicability of the phenyl-

H CH3 (trihalomethyl) mercury reagents in the study of reac-
H c — CH CB) tions of dihaloearbenes with poorly reactive substrates.

3 I I 3
CH H

3 n TT tt Experim ental SectionIt '-'H3 H Oris
TT/_, J , ), nxT r ,Tr t tt r- J, J, r<Tt MriN General Comments.—All reactions were carried out under an
H3C Y OH2GH3 +  H3O Y  ’ Y  ^ ^ 3 ” 0) atmosphere of prepurified nitrogen or argon. Infrared spectra

Aj j  were recorded using a Baird Model B  or Perkin-Elmer Infracord
3 3 3 237 or 337 spectrophotometers. Nmr spectra were obtained using

83 parts 17 parts a Varian Associates A-60 or T-60 spectrometer. Chemical shifts
, 1 -i—. . 1 t,  . , , , 0 , , , ,  , , are given in 5 units, parts per million downfield from internal

work by Doering and Prmzbach19 suggested that such TMg_ Thin layer chromatographic analysis of reaotion mixtures
CH 2 insertion into C —H bonds involved a direct mser- for organomercury compounds was performed as described in a
tion process (transition state II). Our results with previous paper of this series. 22 Gas-liquid partition chromatog

raphy (glpc) was carried out using M IT  isothermal units and 
| F  & M  temperature-programmed gas chromatographs. The

— C,------ H columns were packed with 25%  General Electric Co. SE-30
| \  /  silicone rubber gum on Johns Manville Chromosorb W or P ,

■ q Dow Corning 710 silicone oil on Chromosorb P , or Dow Coming
/  \  D C 200 silicone oil on Chromosorb P  unless otherwise noted.

H H The internal standard method was used in glpc yield determina-
j j  tion.

Phenyl(bromodichloromethyl)mercury, phenyl(tribromometh- 
CC12 are in marked contrast to those found with C H 2, yl)mercury, and phenyl(trichloromethyl)mercury were prepared 
and we believe that the selectivity of CC12 observed as described by us previously;22'23 the preferred procedure is that 
in these reactions is most reasonably accommodated by m ref 23. _
a transition state in which there is some development of' 6 .1 2  g'To.OO
of charge (III). This transition state is analogous to mol) of 3 -methyl-l-butyne (Farchan Research Laboratories),

+ 9.0 ml (at —78°) (ca. 0.09 mol) of trimethylsilane, and 20 H of|s a solution of chloroplatinic acid in 2-propanol (1 g in 5 ml) was
— C-------H sealed in a bomb tube under a nitrogen atmosphere and kept for

|\ /  2  days at room temperature. The reaction mixture then was
v ' 4-  filtered from some black solid and distilled at reduced pressure

/ \  to give 9.92 g (78% ) of the monoaddition product [bp 56° (65
Cl Cl mm), n 26D 1.4166; l i t . 24 bp 124-125°, w20d 1.4180] as well as
j j j  0 .6  g of material of bp ca. 40° (0.6 mm), presumably the di

addition product. Glpc analysis of the monoaddition product 
the one we suggested for CC12 insertion into the Si-H  (General Electric Co. X F -1 1 1 2  on Chromosorb W at 1 0 0 °)
bond on the basis of the results of a previous study . 20 showed that two components were present; the peak area ratios

were 87 :1 3 . An nmr spectrum in CC14 of the monoaddition
(17) W , v o n  E . D o e rin g , I t .  G . B u t te ry ,  R . G . L a u g h lin ,  a n d  N . C h a u d - ______________

h n r i,  J. Amer. Chem. Soc,, 78, 3224 (1956). . OQO / 1 r / jQx
(18) D .  B . R ich a rd so n , M . C . S im m ons, and  I .  D v o re tz k y ,  ibid., 82, (21) D .  S e y fe rth  a nd  H .  D e rto u zo s , J. Organometal. Chem., 11, 263 (1998).

5001 (1960); 83, 1934 (1961). (22) D . S e y fe rth  a nd  J . M .  B u r litc h ,  ibid., 4, 127 (1965).
(19) W . vo n  E . D o e rin g  a n d  H .  P r in z b a c h , Tetrahedron. 6 , 24 (1959). (23) D .  S e y fe rth  a nd  R . L .  L a m b e r t,  J r .,  ibid., 16, 21 (1969).
(20) D , S e y fe rth , R . D a m ra u e r, J . Y .-P , M u i,  and  T . F , Ju la , J. Amer. (24) R . A . Benkeser, M .  L . B u rro u s , L . E . N e lson, and  J. V . S w isher, J.

Chem. Soc., SO, 2944 (1968). Amer. Chem. Soc., 83, 4385 (1961).

Halomethyl Metal Compounds. X X X II J. Org. Chem., Vol. 35, No. 6, 1970 1991



product confirmed this: two different MesSi resonances were Anal. Calcd for C7K 12CI2: C , 50.31; H, 7 .24; Cl, 42 .44 . 
observed at S 0.10 and 0.15 ppm, with peak area ratio of 86 :1 4 . Found: 0 ,  5 0 .0 3 ,5 0 .3 1 ; H, 7.23, 7 .47; C l,4 2 .2 9 .
The pure components were isolated by preparative glpc. The isolated phenylmercuric bromide (77% ) was gray in color,

The major component was irans-l-trim ethylsilyl-3-methyl-l- which suggests the formation of a  minor amount of elemental
butene: n ®d 1.4156; nmr (neat) 5 6 .30-5.41 [six lines, the A B mercury.
part of an A B X  spectrum, J  (a) =  18 Hz, J  (b) =  5 Hz], 2.33 A similar reaction carried out with phenyl(trichloromethyl)-

mercury (5 days a t reflux) gave tetrachloroethylene, cyclohexyl 
H H chloride, and (dichloromethyl)eyclohexane in yields of 10, 4 , and

C= C = G  16% , respectively.s \  Reaction of PhHgCCl2Br with Methylcyclohexane.— A solution
j j  C H <  containing 4.45 g (10.2 mmol) of the mercurial, 2.91 g (32.8

a y) mmol) of methylcyclohexane, and 15 ml of dry benzene under
nitrogen was used. The filtrate was trap-to-trap distilled under 

(1 H, M e2C H -) m, 1.04 [6 H, (CH3)2C] d (J — 6 .8  Hz), 0.10 vacuum and then fractionally distilled to give 0.27 g of distillate 
ppm (9 H, M e3Si) s. at 90-95° (5 mm). Glpc (General Electric Co. X F  1150) showed

Anal. Calcd for CgHigSi: C ,6 7 .5 1 ; H, 12.75. Found: C , that the latter contained a single component; the yield was 14 .6% .
67.27; H, 12.57. An analytical sample was isolated by glpc.

The minor component was not obtained in analytical purity: Anal. Calcd for C8HhC12: C, 53.02; H , 7.79; Cl, 39.15.
nmr (neat) 5 5.71 (1 H, = C H  trans to i-Pr) double d, 5.42 (1 H, Found: C , 53.20; H, 7.80; Cl, 39.31.
= C H  cis to f-Pr) d (J  =  2.4 Hz), 2.49 (1 H, M e2CH~) m, 1.08 The nmr spectrum confirmed that the product was 1-m ethyl-l- 
[6  H, (CH3)2C] d (J  =  7.0 Hz), 0.15 ppm (9 H, M e3Si) s. (dichloromethyl)cyclohexane: the -CC12H resonance appeared

Anal. Calcd for C8Hi8Si: C, 67.51; H , 12.75. Found: C, as a singlet a t S 5.54 ppm, and the ring protons and the CH 3
68.69; H, 12.96. protons were seen as a broad resonance from 0.7 to 1.6 ppm.

(b) Hydrosilation of 1-Hexyne with Methyldichlorosilane.—  The n 2tD was 1.4876.
To a mixture of 14.8 g (0.18 mol) of freshly distilled 1-hexyne Reaction of PhHgCCl2Br with 2 -M ethylhexane.— A mixture 
(Farchan), 40 id of chloroplatinic acid solution, and 2  ml of dry of 6.60 g (15 mmol) of the mercurial and 4.50 g (45 mmol) of 2 -
benzene was added 17.3 g (0.15 mol) of M eSiHCl2 dropwise during methylhexane (Chemical Samples Co.) was used. Fractional
1.5 hr. An exothermic reaction commenced within 30 min. distillation of the filtrate gave 1.47 g of 2-methylhexane and 1.06
The reaction mixture was heated at 85° for 7.5 hr after the addi- g of a higher boiling fraction which glpc showed to be ca. 90%
tion had been completed and then was added to 2 2 0  ml of 1.58 pure. A yield determination by glpc (20%  UC-W 98 at 1 2 0 °)
M  methyllithium in ether (0.34 mol), slowly, with adequate established that the product, l,l-dichloro-2,2-dimethylhexane,
cooling and stirring. The resulting mixture was heated at had been formed in 31%  yield. An analytical sample, n 26d
reflux for 3 hr and then hydrolyzed with 200 ml of water. Frac- 1.4528, was isolated by glpc: nmr (in CC14) S 5.62 (1 H, -CC12H )
tional distillation of the dried organic phase gave 17.86 g (80% ) s, 1.43 [6 H, -(C H 2)H  m, 1.10 [6 H , (CH3)2C~] s, 0.96 ppm (3 H,
of the monoaddition product [bp 48-48 .5° (13 mm), b 26d 1.4248; CH3CH2- )  t  (J = 7 Hz).
l it -24 bp 60° (20 mm), b 20d 1.4260]. Anal. Calcd for C8Hi6C12: C, 52.47; H, 8.81; Cl, 38.72.

Anal. Calcd for C9H20Si: C , 69.14; H, 12.89. Found: C, Found: C, 52.53; H, 8.67; Cl, 39.03.
69.28; H, 12.79. A reaction carried out with 10 mmol of mercurial and 30 mmol

Glpc analysis of this product using three different columns of the hydrocarbon in 15 ml of benzene gave this product in 20%
(Dow Corning DC 200 silicone fluid at 100°, Carbowax 20M  at yield.
100°, General Electric Co. X F  1112 at 120°) suggested that only Reaction of PhHgCCl2B r with 3 -Methylcyclohexene.— A mix- 
one component was present. The nmr spectrum, however, in- ture of 10 mmol of the mercurial and 30 mmol of the olefin (no
dicated the presence of a mixture, showing two different M e3Si solvent) was used. The filtrate was trap-tc-trap distilled in
resonances at $ 0.12 and 0.16 ppm in area ratio 7 0 :3 0 . Signals vacuum. Analysis of the distillate by glpc (20%  Carbowax
at 8 5.59 and 5.34 characteristic of = C H 2 protons indicate that 20M ) showed the presence of two products in 8 .2 :1  area ratio,
the component present in lesser amount is 2-trim ethylsilyl-l- The major product, n 26D 1.4938, was identified as 7 ,7-dichloro-2- 
hexene, M e3Si(n-C4H9)C = C H 2. methylnorcarane: nmr (in CC14) S 1 .2 1  (3 H, CH3- )  d (/ =  6.2

Insertion Reactions of Phenyl(bromodichloromethyl)mercury- Hz), 0 .6 -2 .2  ppm (9 H) complex multiplet.
Derived Dichlorocarbenene. General Procedure.— A three- Anal. Calcd for CfH i2Cl2: C , 53.65; H, 6 .75; Cl, 39.60.
necked flask of appropriate volume equipped with a reflux con- Found: C, 53.87; H, 6.74; Cl, 39.57.
denser topped with an inert gas inlet tube, a magnetic stirring unit, The minor product was identified as 3-methyl-3-(dichloro- 
and a thermometer was charged with the mercurial, the substrate, methyl)cyclohexene: nmr (neat) 8 5 .3 -5 .9  (2 H, -C H = C H -)
and, in some cases, benzene solvent. The mixture was stirred m, 5.56 (1  H , CC12H ) s, 0 .8 -2 .2  [6 H, -(C H 2)3-]  m, 1.08 ppm
and heated at reflux in an oil bath maintained at 8 5-90°, generally (3 f f ,  C H j) s.
for 2 .5 -3  hr. Initially, the mercurial dissolved as the reaction Anal. Found: C, 53.37; H, 6.54.
mixture was heated, and a short time thereafter phenylmercuric A yield determination (n-undecane internal standard) showed
bromide began to precipitate. Upon completion of the reaction, the yields of addition and insertion product to be 76 and 9 % ,
the mixture was filtered to remove phenylmercuric bromide respectively.
(usually formed in above 90%  yield). The filtrate was trap-to- Reaction of PhHgCCI2Br with I-TrimethylsilyI-3-methyl-l- 
trap distilled under vacuum (0.05-0.1 mm) into a receiver cooled butene.-—The olefin was contaminated with ca. 16%  2-trimethyl-
to —78 . Glpc analysis of the filtrate usually followed, but, when silyl-3-methyl-l-butene. The reaction was carried out on the 
reactions were carried out on a larger scale, the products were same scale using the same procedure. Glpc analysis (2 0 %
isolated by fractional distillation in vacuum. Carbowax 20M ) of the distillate showed the presence of two major

Reaction of PhHgCCl2Br with Cyclohexane.— Thermolysis of products (minor products due to the contaminating isomeric 
8 8  g (0.2 mol) of the mercurial was carried out in 275 ml of cyclo- silane were not examined).
hexane which was distilled directly into the reaction flask from The major product (59%  yield) was frons-l,l-dichloro-2 -
potassium under argon. Glpc analysis of the trap-to-trap trimethylsilyl-3-isopropylcyclopropane: to®d 1.4519; nmr (CC14)
distillate showed the presence of three m ajor components: tetra- 8 0 .9 -1 .4  (8  H) broad multiplet and a set of four sharp resonances,
chlocoethylene (26%), cyclohexyl bromide (22%), and (dichloro- 0.3 (1 H, Me3S i-C -H ) m, 0 .1 2  ppm (9 H, M esSi) s.
methyl)cyclohexane (32% ) (n-butyrophenone internal standard). Anal. Calcd for C„Hi8Cl2Si: C , 47.99; H, 8.06. Found: C , 
The first two products were identified by comparison of their 48.01; H, 8 .0 0 .
glpc retention times and their ir spectra with those of authentic The minor product (27%  yield) was irons-l-trimethylsilyl-3,3- 
samples. (Dichloromethyl)cyclohexane, b 26d 1.4835, showed the dimethyl-4,4-diehIoro-l-butene: A l . 4645; nmr (in CC14) S
following absorptions in its infrared spectrum: 2939 s, 2860 s, 6.10 (1 H, = C H  cis to Me3Si) d (J = 19.2 Hz), 5.82 (1  H,
1450 s, 1365 m, 1331 w, 1308 m, 1298 m, 1254 m, 1238 s, 1218 = C H S iM e3) d (J  =  19.2 Hz), 5.56 (1 I I ,  CCl2H )’s, 1.24 [6 H,
s, 1175 w, 1140 w, 1090 m, 1080 m, 1062 m, 1040 m, 963 s, 927 (CH3)2C] s, 0.10 ppm (9 H, Me3Si) s.
w, 920 w, 896 m, 885 m, 788 m, 740 s, and 676 s cm -1. Its  nmr Anal. Found: C, 48.21; H, 8.19.
spectrum showed the following resonances: S 5.60 (1 H, -CC12H ) Reaction of PhHgCCl2B r with 70 :30  Mixture of lraras-1-Tri- 
d (J = 4 .0  Hz), multiplet (11 H ) containing two broad resonances methylsilyl-I-hexene and 2 -Trimethylsilyl- 1-hexene.— The re-
a t 1.87 and 1.25 ppm. action was carried out on the same scale using the same procedure.
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Glpc analysis (20%  Carbowax 20M ) showed the presence of two was fractionally distilled to give 18.7 g (46% ) of /3,/3-dichloro-f-
products in 4 :1  ratio based on glpc peak areas. The total yield butylbenzene: b p 80-84° (1.5m m ); n%> 1.5400 (lit.13 bp 68-70°
was 75% . (3 mm), nmD 1.5400); nmr (in CCh) 8 7.38 (5 H, CeH6) s, 5.98

The major product was ira«s-l,l-dichloro-2-trimethylsilyl-3-n- (1 H, CC12H ) s, 1.53 ppm [6 H, C(C H 3)2] s. 
butylc-yclopropane: nmr (in CC1<) 8 1 .8 -0 .8  (13 H ), two broad A similar experiment carried out at 70° for 2 hr gave the inser- 
resonances, 0.24 (1 H, M e3SiCH) m, 0.16 ppm (9 H, MeaSi) s. tion product in 54%  yield.

Anal. Calcd for CioHaiChSi: C, 50.20; H, 8.43; Cl, 29.63 Reaction of PhHgCBr3 with Ethylbenzene.—A mixture of 52.95
Found: C, 50.53; H, 8 .39; Cl, 29.42. g (0.1 mol) of the mercurial and 175 ml of ethylbenzene was used.

The minor product was l,l-dichloro-2-trimethylsilyl-2-n- B y  cooling the dark orange filtrate, the precipitation of 7.8 g of
butylcyclopropane: nmr (neat) 8 2 .0 -0 .8  (11 H ) m, 0.20 brown solid could be effected. Solvent was removed from the
ppm (9 H, Me3Si) s. filtrate a t 0.1 mm and short-path distillation of the residue at

Anal. Found: C, 50.04; H, 8 .22 ; Cl, 29.37. 0.07 mm gave 3.15 g of a viscous liquid containing a small
Reaction of PhHgCCl2Br with Ethylbenzene—A mixture of amount of white solid; the maximum pot temperature was 140°.

44.0 g (0.1 mol) of the mercurial in 150 ml of freshly distilled Glpc analysis of the distillate (25%  SE-30, short column) showed
ethylbenzene was used. Glpc analysis of the filtrate at 200° that /3,/3-dibromcisopropylbenzene (6 .5%  yield) was present,
detected only one higher boiling component. Trap-to-trap distil- A pure sample, n 26d 1.5867, was collected by glpc: nmr (in
lation at 0.1 mm (pot temperature to 95°) gave a clear distillate CC1<) 8 7.34 (5 H, C6H6) d, 5.88 (1 H, C Br2H) d {J = 4.5 Hz),
and 2.6 g of black residue. Glpc examination of the former 3.52 (1 H, PhCH ) m, 1.60 ppm (3 H, CH3) d ( J  =  7.0 Hz),
showed the presence of 0,^-dichloroisopropylbenzene in 35%  Anal. Calcd for C9HioBr2: C , 38.87; H, 3 .62; B r, 57.49. 
yield. Fractional distillation gave 4.81 g of this product: bp Found: C, 39.05; H , 3 .71 ; B r, 57.54.
63-65° (0.85 mm); n 26d 1.5374 (lit.13 bp 57° (0.4 mm); n 20D _  . . w  t>u i /u j - u  m  n
1.5351); nmr (CCU) 8 7.29 (5 H, C6H5) s, 5.80 (1 H, CC12H) d Registry No.--Phenyl(brom odichlorom ethyl mer-
(J  = 5.0 Hz), 3.39 (1 H, PhCH) octet, 1.52 ppm (3 H, CH3) d cury, 3294-58-4; ¿rans-l-tnmethylsilyI-3-methyl-l- 
(7  =  7.5 H z). butene, 24099-72-7; (dichloromethyl) cyclohexane,

Anal. Calcd for C9Hi0C12: C, 57.16; H, 5 .33; Cl, 37.50. 24099-71-6; l-methyl-l-(dichloromethyl)cyclohexane,
Found: C, 57.26; H 5.23; Cl, 37.28. 24147-13-5; l,l-dichloro-2,2-dimethylhexane, 24099-

A similar experiment in which much greater care was taken to ’ , „  , ,  , n . M n  „„ ~
exclude air and in which the ethylbenzene was distilled from 19-2; 7,7-dichloro-2-methylnorcarane, 24099-20-5, 
potassium benzophenone ketyl gave this product in 37%  yield. 3-methyl-3-(dichloromethyl)cyclohexane, 24099-21-6;
On the other hand, a reaction of 0.01 mol of the mercurial with (rans-1, l-dichloro-2-trimethylsilyl-3-isopropylcyclopro-
0.05 mol of ethylbenzene in 75 ml of benzene at reflux for 2 hr 24099-73-8; (rons-l-trimethylsilyl-3,3-dimethyl-
gave the expected product in only 5%  yield, as well as tetra- 4  4_dichloro_1_butene, 24099-74-9; fran.s-l;l-dichloro-

Reaction of PhHgCCl2Br with Cumene (Isopropylbenzene).—A 2-trimetuylsilyl-3-ft-butylcyclopropan.e) 24099-75-0; 1,1-
suspension of the mercurial (0.2 mol) in 300 ml cf cumene under diehloro-2-trimethylsilyl-2-n-butylcyclopropane, 24099-
argon was used. Color changes from light yellow to dark orange 22-7; ^,/3-dibrcmoisopropylbenzene, 24162-41-2.
occurred. Filtration gave phenylmercuric bromide in 96%  _
yield. Trap-to-trap distillation of the filtrate in two fractions, Acknowledgments. ’The authors are grateful to the 
(at 0.5 mm, 3 5 °; and at 0.005 mm, 85°) was followed by glpc U. S. Air Force Office of Scientific Research (SRC)-
analysis of the latter (u-butyrophenone internal standard). Q AR for generous support of this work. This work
I t  was found that 0 ^dichloro-i-butylbenzene was present m 58%  supported in part by U. S. Public Health Service
yield. Also present were tetrachloroethylene (4% ) and 1,1- * 7 ,  or% Ar ,, T i\/r t> \
diehloro-2-methyl-2-phenylcyclopropane9 (2 % ). The distillate Fellowship l-Fl-GM-20,065 (to J. M. r>.).
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The known insertion of dichlorocarbene into C—H bonds a to the oxygen atom in ethers has leceived fuither 
study using phenyl(bromodichloromethyl)mercury as the dichlorocarbene source. Results are reported for 13 
ethers. For C -H  bonds a  to ether oxygen, the relative reactivity toward CCh was found to be tertiary >  secon
dary, and no insertion was observed at OCH3 C -H  linkages. In over half of the examples cited the insertion Prod
uct yields were in the preparatively useful range (> 4 0 % ): diethyl ether, di-ra-propyl ether, isopropyl methyl
ether, benzyl methyl ether, tetrahydrofuran, 2-methyltetrahydrofuran, and 2,5-dimethyltetrahydrofuran.

The insertion of a carbene, CH 2 itself, into a C -H  his coworkers3 in 1942 (eq 1 and 2). Subsequent
bond of an ether was reported first by Meerwein and studies by other workers4 6 have been devoted to

obtaining a better understanding of such reactions. 
ph ph n m  ph CHA' uv > An analogous insertion chemistry of dichlorocarbene

3 2  2 3 was developed by Anderson, Lindsay, and Reese,7
C2H5OCH2CH2CH3 +  C2H5OCH(CH3)2 (1)

(2) N a tio n a l In s t itu te s  o f H e a lth  P re d o c to ra l F e llo w , 1963-1966.
(3) H . M e e rw e in , H . R a th je n  a nd  H .  W e rn e r, Chem. Ber., 75, 1610 (1942).

O d C H 3 (4) W . v o n  E , D o e rin g , L .  H .  K n o x , a n d  M .  Jones, J r .,  J. Org. Chem..,
_ 24, 136 (1959).

O  (5 ) H .  M .  F re y  a n d  M .  A . V o isey, Trans. Faraday Soc., 64, 954 (1968).

(6) M .  A . V o isey, ibid., 64, 3058 (1968).
_________ U  ”  (7) (a) J . C . A n d e rso n  and  C . B . Reese, Chem. Ind. (L o n d o n ),  575 (1963);

(1) P a r t  X X X I I :  D .  S e y fe rth , J. M .  B u r l i tc h ,  K .  Y a m a m o to , S. S. (b ) J. C . A n derson , D .  G . L in d s a y , a n d  C . B , Reese, J. Chem. Soc., 4874

W ashbu rne , and  C . J. A t tr id g e ,  J . Org. Chem., 38, 1989 (1970). (1964).
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who reported the reactions shown in Table I. Note- hexene were allowed to compete for a deficiency of
worthy in these was (1) the regiospecificity of the PhHgCCl2Br, gave some indication that the former
CC12 insertions which occurred, and (2) the high was the case. Equations 6 and 7 show the reactions 
reactivity of the CII2 groups of 2,5-dihydrofuran. q
These reactions did not appear to be very attractive for PhHgCChBr + f  J —k±+ PhHgBr + f  ^
preparative purposes because of the rather low yields ^ y C'
of products which could be realized. __

Our previous research had shown that phenyl(bromo- PhHgCCbBr + / \  kl >■
dichloromethyl) mercury, which releases CC12 to a 2 Mt‘ 'O ^ M e
variety of substrates rapidly at 80°, was uniquely
useful in transferring dichlorocarbene to reactants / \ -Me
which were only poorly reactive toward this inter- PhHgBr + Me^ 0-X.cr] H ■ )
mediate.18 Accordingly, it was of interest to examine
the reactions of PhHgCChBr with ethers to see if this involved Let it be assumed that the rate of 7,7-dichlo-
interesting but synthetically limited CC12 insertion ronorCarane formation is nth order in mercurial and
process could not be developed into a more useful one. ^  order ^  cyclohexene and that the rate of 2,5-di-
We have already reported concerning our early wor methyl-2-(dichloromethyl) tetrahydrofuran formation is
with reactions of this mercury reagent with 2,5-di- ^  order in mercurial and TO'th order in the ether,
hydrofuran ethyl ally ether, and tetrahydrofuran Th ^  the most eneral case> we would have the
(eq 3-5). These initial results indicated that PhHg- ratg eqUations

PhHgCCl2Br +  — > -d O /d t =  fc6[PhHgCCl2B r]n [O] ™

0  9 *  -d E / d  t =  ¿7 [PhHgCChBr] [E] ™'

PhHgBr + + -3'1 where O = the olefin, cyclohexene; E  = the ether,
0 CC12H 0 2,5-dimethyl tetrahydrofuran. Dividing the second

(52% yield) yielc9 rate equation by the first gives

PhHgCCl2Br +  &H5OCH.,CH=CB> — k b  -  -dE/d<] [PhH gCC hBrpIO]”
8 2 - '  '  * rel “  h  [dO/di][PhHgCClaB r]» '[E ]* '

PhHgBr + C2H5OCH2y C h  + C2H5OCHCH=CH2 (4) ^  experimental finding is that remains con-

(82% yield) CC1,H stant as the concentrations of the competing reagents
(14% yield) are varied, then n must equal n’ and m must equal

m'. In other words, the orders of the reaction must 
PhHgCCl2Br + / \ — ►  be the same for both C = C  addition and C -H  in-

sertion. If fcrei is found to change as the reactant 
/— v , concentrations are varied, then one has good indication

PhHgBr + X  (')> that C = C  addition and C -H  insertion proceed by
2 different mechanisms. In the case of the olefin-

PhH gCCl2Br reaction the mechanism shown in eq 8

C C l2Br could be used to good advantage in a study of and 9 was found to be °Perative'9 The competition 
CC12 insertion into C -H  bonds of ethers and that the /i’ [ (slow)

general behavior of this reagent was similar to that of PhHgCCl2Br ‘ ;._,(fast) s r 2

the CCb-generating systems used by the English
workers.7 \ /  C-----CC1>

The results of Reese, et al.,7 had led them to suggest CC12 + C=C ,’il — > '  \  /  (9)
that the factor which is most important in these /  ^  A
insertion reactions is the effect of the ether oxygen '  '
atom in stabilizing a partial positive charge on the one 0|cbn wdb another for mercurial-derived CC12 in- 
adjacent carbon atom into whose bond to hydrogen volves the sec0nd step (k2). If the ether-mercurial re-
such CC12 insertion is occurring. However, the very acti0n proceeded by a similar course, one would expect
limited number of examples studied (Table I) and the to find ^  [fc(E)/fc(0) ] to be unchanged as the relative
generally low yields obtained in all cases except that of concentrations of the ether and the olefin were changed.
2,5-dihydrofuran led us to investigate in more detail Ifj on the other hand; the ether-PhH gCCl2B r reaction
the insertion of CC12 into C -H  bonds of ethers using proceeded by a mechanism different from that of the
phenyl (bromodichloromethyl) mercury as a CC12 source. 0iefia-PhH gCCl2Br reaction, such relative starting 

First, however, it was of some importance to show concentration changes could bring about changes in the
that in these reactions we were indeed dealing with observed k i
insertion of dichlorocarbene into the C -H  bond and The resup s 0f these experiments are shown in Table 
not with a direct reaction of the organomercurial with jj The value of kre\ did not change (within experi-
the ether. Variable concentration competition experi- mental error) as the relative concentrations of cyclo-
ments, in which mixtures of 2,5-dihydrofuran and cyclo- hexene and 2,5-dimethyltetrahydrofuran were changed

(8) d . s e y fe r th ,  j, m . B u r iite h ,  r . j . M in a s z , j . Y . - p .  M u i,  h . d . from 1 :1  to 1:2 to 2:1, respectively. This suggests
S im m ons, J r .,  A . J . -H .  T re ib e r, and  S. R . D o w d , J. Amer. Chein. Soc., 87,
4259 (1965). (9) D . S e y fe rth , J . Y .-P .  M u i,  a nd  J. M .  B u r iite h ,  ibid., 89, 4953 (1967).

1994 J. Org. Chem.: Vol. 35, No. 6, 1970 Seyferth , Mai, and Gordon



T a ble  I
R eactions of D ichlorocarbene with  E th ers“

E th e r  C C h  source P ro d u c t (%  y ie ld )

CL "I

O CClaCOaEt/NaOMe Á
w (65 parts)

(62)

O - C C L H  
0  (35 parts) _

a

Q  CClsCOjNa /  \ ( 5 3  parts) j
N r  (34)

CC1,H
u  (47 parts) _

Q  CCJsCOjEt/NaOMe <2.5,

CCUCOaNa ...CC< !l  (3.7)

/ C H 3
(CH3CH2)20  CCLCOjEt/NaOMe H <20)
(CH3)2CHOCH3 CClsC02Et/N aOMe CH3OC(CH3)2 ^

CCLH

C2H 5OCH2C H = C H 2 CCl3C 0 2Et/N aOMe C2H5OCH2y C C I 2 (12.7)

“ Reference 7.

(but by no means proves) that the PhH gCCl2B r- T able I I
ether reaction involves CC12 as an actual intermediate, Competition E xperim en ts. R eaction of M ix t u r es  of

and in our further discussions we will assume this to be C yclohexene and 2,5-D imethyltetrahydrofuran  with  a 
the most reasonable reaction course. D eficien cy  of P henylmercuric B romide in B enzene

Our investigation proceeded with a study of the at 80 ±  2
reaction of phenyl(bromodichloromethyl)mercury with mol™
13 ethers (Table III). The yields obtained, as ex- Cf oiefiu (Oi/mota
pected, were consistently better than those found with o f e th e r (E )  = k(E)/k<o)
other CC12 sources. Thus, for instance, C C l3C 0 2Na 1/5/5 0 .1 6 9 , 0 .174
inserted CC12 into diethyl ether in 20% yield, PhHg- 1/5/10 0 .1 7 3 , 0 .1 6 5
CCl2Br in 54% yield. Sodium trichloroacetate in- O 10 ' 5 u' ib/
serted CC12 into isopropyl methyl ether in 9%  yield;
PhH gCCl2Br did so in 39% yield. (10%) (Table III). No insertion into a OCH3

The yields obtained with different ethers in reactions group was observed in any case.  ̂ With 2 -methyl-
with phenyl (bromodichloromethyl) mercury varied tetrahydrofuran, insertion of CC12 into the tertiary
markedly with structure. Using our “ standard” C -H  bond is favored over insertion into the secon-
mercurial reaction conditions— threefold excess of the dary C -H  bond by a factor of 8. Electronegative
ether, reaction in benzene medium at reflux for 4 substituents appear to deactivate C -H  bonds in this
hr— the yields ranged from 90% in the case of 2,5-di- reaction. Thus in the case of CICH2CH 2OCH 2CH 3,
methyltetrahydrofuran to 3 %  with neopentyl methyl dichlorocarbene insertion occurs only into the ethyl
ether. As the ether yields decreased, the yields of group.
tetrachloroethylene, the product of the reaction of (2) Dichlorocarbene insertion into C -H  bonds 
CC12 with PhH gCCl2B r , 8 increased. a  to the ether function was highly favored. Isobutyl

The following observations are worth special notice methyl ether with a tertiary C -H  bond d to the oxygen
since they are relevant to a discussion of the mechanism and a secondary C -H  bond a to the oxygen gave
of this C -H  insertion process. Me2CH CH (CCl2H)OMe as the major product on

(1) As in the case of hydrocarbons, 1 CC12 insertion reaction with PhHgCCl2Br. A  minor product, tenta-
into C -H  bonds is most favorable where the carbon tively identified as M e2(CCl2H )CCH 2OMe, also was
atom involved could stabilize a partial positive charge. produced. Tetrahydrofuran, with secondary C -H
This is shown by the series benzyl methyl ether (71% ), bonds both « and p to the oxygen, underwent reaction
isopropyl methyl ether (40%), n-propyl methyl ether only at the former. This is m marked contrast to
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Table III adjacent to the oxygen atom is also allylic (e .g ., allyl
Reactions of Phenyl(bromodichloromethyl)mercury ethyl ether), then this C -H  linkage diverts some CC12

with Ether from th.6 0 — 0  bond, (gcj 4). Such a- C—H bond
Ether insertion product Yield, % becomes even niore reactive when it is contained in a

CH3CH2OCH2CH3 CH3CHOCH2CH3 58, 51 five-membered ring (eq 3).
| (4) Steric hindrance does appear to play a role.

CC12H A  ¿-butyl group strongly hinders attack at the a  C -H
CH3CH2CH2OCH2CH2CH3 CHsCH2CHOCH2CH2CH3 42, 40 bonds of M e3CCH 2OMe, just as the ¿-amyl group

I strongly deactivated a vinyl group (in Me2E tC C H =
r* r̂i-'TT in CH 2) toward CC12 addition.10

CH3CH2CH2OCH3 CH3CH2CHOCH3 10 (g) Five-membered cyclic ethers enjoy an especially
¿ C1H high reactivity, as the comparison between tetrahy-

(CH3)2CHOCH3 (CH3)2COCH3 41,38 drofuran and tetrahydropyran shows. When the C -H
| bond in question is a tertiary one, adjacent to an

CC12H ether function and contained in a five-membered ring,
(CH3)3CCH2OCH3 (CH3)3CCHOCH3 2, 5 the activating influences combine to give maximum

i reactivity. However, even this most favorable ether
CC12H is iess reactive toward CC12 than a “ normal’ ' C = C

(CH3)2CHCH2OCH3 (CH3)2CHCHOCH3 7 bond. In the case of 2,5-dimethyltetrahydrofuran,
I the relative reactivity per C - H  b o n d  vs. the C = C  bond

/ c n u 'O H o r H . o of cyclohexene is ca . 0.085. B y comparison, the relative
(CHn)21 2 3  reactivity of 1-heptene rs. cyclohexene is ca. 0.24.

qCj2H In our discussion of CC12 insertion into C -H  bonds
C1CH2CH20CH2CH3 C1CH2CH20CHCH3 16, 14 of alkanes and alkylbenzenes,1 we favored a process

| in which there is some development of charge in the
CC12H transition state, as shown in I. Alkyl and aryl sub-

C6H6CH2OCH3 C6H6CHOCH3 69, 73
I I5
CC12H - C- -h

CH2=CHCH2CH2OCH3 h2C ----- CCH2CH20CH3 83 I \  /'

\ /  / \
0 Cl Cl

C1X  X C1 I

O /— \ stituents which could by their inductive and reso-
\  /^ C C12H 89 nance effects, respectively, stabilize the partial positive

u 0 charge on carbon facilitated such insertion. Such a

O  /  \yCH:! transition state would also serve to explain the activa-
C 3 HiC \  87, 94 tion of C -H  bonds toward CC12 insertion b y an ad-

u 0 CC1,H jacent ether function. In the extreme case, such
,— . prt stabilization would be as shown in II, but complete

/ — \ r
CH’ 1) CC1.H 78, 80 V o C U H  9

U I ►  l  -
(4.2 part) C  ^U+ CC12H

HC1,C  ̂ ^CH3 R R
N0/  II

(1 part) ionization need not (and most likely does not) occur

O / k  for such stabilization to be important.
f  18’ 20 Similar insertion of CC12 into C -H  bonds a  to a

ij"^ C C 12H thioether function has been described by Parham
»Identificationtentative. and his coworkers, and these reactions were shown to

occur by the path indicated below.11 We see no need

CH 2 (v ia  CH 2N2 photolysis) insertion into C -H  bonds K_g_CH2R' CC1>
of ethers. The insertion of CH 2 into tetrahydrofuran r  + + _ -i +
was not restricted to the a  C -H  bonds; insertion into R— S—CH2R' R—S—CHR' — >  R—-S=CHR'
3  C -H  bonds occurred as well, the a /@  C -H  insertion -CC12 CCl2H 12
ratio being 1.26.4 In the case of diethyl ether, the 2 2 I
ratio of EtO CH 2CH 2CH 3 to EtO CH (CH 3)2 formed, j> g OHR'
55.5:44.5, was close to the statistical value.4 |

(3) An isolated terminal C = C  bond is much more ________ CC12H
reactive than a C -H  bond adjacent to an ether function. ( 10) D .  S e y fe rth  and  H . D e rtouzos, J. Organometal. Chem., 1 1 , 263 (1968).

With CH 2= CH C H oC H 2OCH3 o n ly  the expected gem -  ( H )  (a) w .  E . P a rh a m  and  R . K o ncos, J. Amer. Chem. Soc., 83, 4034
• . . i t  i  i  , • i  T j  (19 6 1 ): (b ) W . E .  P a rh a m , L .  C h ris te n se n , S. H .  G ro e n , a n d  R . M . D o d so n ,

dichlorocyclopropane was obtained. However, when y Qrg_ ¿h'em 29 22U (1904); (c) w. E. Parham and s. H. Groen, ibid.. 
the double bond is so situated that the C -H  bond 29, 2214(1964); <d) tm,so,3isi (i965); so, 728 (1965).
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to postulate similar initial attack b y  CC12 at the n“ n 1.4437, ill 10 (5) %, yield, as well as tetrachloroethylene (14,
oxygen atom of the ether molecule undergoing in- 16%): nmr (in CCh) s 5.66 (l H, CC12H, d J  =  9 Hz), 3.89-
sertion. Further examples of reactions of PhH gCCl2Br 3 o nln f '1 2 i3, Ftt0,0*13’ s)’ 1-67 (2 H’ _CH2~’,, . . . .  p , : m ), 0.99 (3 H , CH3CH2, t, J  = 13 H z).
With cyclic, allylic methyl ethers will b e  reported else- Anal. Calcd for C6H10OC12: C , 38.24; H, 6 .42 ; Cl, 45.15.
where.12 Found: C, 38.18; H, 6.24; Cl, 44.96.

Isopropyl methyl ether gave 2,2-dichloro-l,l-dim ethylethyl
Experimental Section methyl ether

General Comments.— All reactions were carried out under an (CH3)2C— OCH3
atmosphere of prepurified nitrogen or argon. Infrared spectra I
were recorded using a Perkin-Elmer 237B or 337 grating infrared CC12H
spectrophotometer. Nmr spectra were obtained using a Varian
Associates A-60 nmr spectrometer. Chemical shifts are given in n isD 1 .4 4 3 0 , in 41 (38)%  yield, together with tetrachloroethylene
5 units, parts per million downfield from internal T M S . G as- (15> 19% ): nmr (CCh) 3 5.5 (1 H, CC12H , s), 3.13 (3 H, OCH3,
liquid partition chromatography (glpc) was accomplished using s), 1.22 [6 H, (CH3)2C ,s ] .
either an M IT  isothermal unit or commercial F & M  gas chroma- ’AnaL Calcd for CsHj'oOCl,: C , 38.24; H, 6 .42 ; Cl, 45.15.
tographs (Models No. 700, 776 and 5750). Unless otherwise Found: C 38.15 ' H 6 .50 ' Cl 44.93.
noted, the columns were packed with 20-25%  silicone oil (Dow Isobutyl methyl ether gave tetrachloroethylene (24% ) and 
Corning 200) or silicone rubber gum (General Electric Co. SE-30) a 1.5/6.25/1.0 mixture of products that could be separated into
on Chromosorb P  oi W . Phenyl(bromodichloromethyl)mercury the individual components using a 20%  Carbowax column at
was prepared by our published procedures.13'14 The ethers used 4 0 5 ° _ total product yield was estimated by glpc to be 12% . 
either were commercial products whose purity was checked be- The major component was l,l-dichloro-2-methoxy-3-methyl-
fore use or were prepared in a straightforward manner by the butane
Williamson synthesis. The physical properties (boiling point
and refractive index and the ir and/or nmr spectrum in some . „ „ „ „ „ „ „
cases) were in good agreement with those given in the literature. . 3

The Reaction of Phenyl(bromodichloromethyl)mercury with ¿ q  j j
Ethers. General Procedure.— Into a 50- or 100-ml three-necked 
flask was charged under nitrogen or argon 0.03 mol of the ether,
4.4 g (0.01 mol) of the mercurial, and 15 ml of dry benzene. The n26D 1-4436; nmr (r.eat) 5 5.55 (1 H , CC12H, d, / =  6  H z), 3.55
reaction flask was equipped with a magnetic stirring assembly and (3 H, OCHs, s), 3.15 (1 H, CHOCH3 doublet of doublets, J
a reflux condenser topped with a nitrogen inlet tube. The re- =  4 and 6  Hz), 2.15 (1 H, M e2CH, m ), 1.0 and 0.9 [6 H , (CH3)2C,
action mixture was stirred and heated at reflux (oil-bath tem- two superimposed doublets, J  =  6  Hz for each]; mass spectrum
perature 8 8 -95°) for 3 hr. During this time flaky, crystalline HO, parent ion (M :M  +  2 =  3 :2 ), 87, molecular ion (M —
phenylmercuric bromide precipitated. Upon completion of the CC12H +), 127 =  -2 %  CH30CHCHC12+.
heating period the reaction mixture was filtered to remove Anal. Calcd for CtHuOCU: C, 42.12; H, 7 .07. Found: 
PhHgBr (the yields were ca. 90% — lower than in the case of re- C, 42.47; H, 7.17.
actions with olefins, presumably because of the greater solubility The minor products were not identified. The one with lower
of phenylmercuric bromide in the medium containing unconverted glp° retention time showed a band at 2820 cm -1  in its ir spec-
ether). A high-vacuum (0 .05-0 .2  mm) trap-to-trap distilla- trum (characteristic of an OCH3 group16) and also bands at-
tion of the filtrate followed, and subsequently the distillate was tributable to C -C l linkages [765 (vs), 710 (m)] and thus may be
examined by glpc. Products were isolated by preparative glpc the other isomer
and characterized. Yields were determined by glpc using the
internal standard method. Details concerning the products ob- (CH3)2C— CH2OCH3
tained in the individual experiments follow below. |

Diethyl ether gave 1 ,l-dichloro-2-ethoxypropane CC12H

CH3CH2OCHCH3 Neopentyl methyl ether gave l,l-dichloro-2-m ethoxy-3,3-
L dimethylbutane

CCI2H

in 58%  yield (51%  in a duplicate experiment), together with tetra- (CH3)3CCHOCH3
chloroethylene in 8 %  yield. The insertion product had n26D CC12H
1.4371; nmr (microcell, neat) S 5 .8  (1 H , CC12H, d, / =  4 Hz),
3.6 (3 H , m ), 1 .2  (6  H , m ).Anal. Calcd for C6H10OC12: C , 38.24; H, 6 .42 ; 0 1 ,4 5 .1 5 . » 26d 1.4538, in 5 (2) %  yield and tetrachloroethylene (33, 30% ):
Found: C , 38.58; H, 6 .59 ; Cl, 45.35. nmr (CCh) S 5.86 (1 H , CC12H, d ,J  -  5 Hz), 3.67 (3 H, OCHs,

Di-n-propyl ether gave 1,1-dichloro-2-n-propoxybutane s )> 3.5 (1 H, CH -OCH 3 d, ./ =  5 H z), 1.01 [9 H, (CH 3)3C, s ];
mass spectrum 134, parent ion (184 :186 :188  =  9 :6 :1 ,  thus 2 

re-C3H7 0 CHCH2CH3 chlorines), 92, molecular ion (184 — Cl — M e3C+), 101 =  83%
I (184 -  CC12H+).
CC12H Anal. Calcd for C,H140C12: C, 45.42; H, 7 .62 ; Cl, 38.31.

Found: C , 45.80; H , 7 .56 ; Cl, 38.40.
in 42 (40) %  yield, as well as tetrachloroethylene (15, 13% ). 2-Chloroethyl ethyl ether gave l,l-dichloro-2-0-chloroethoxy-
The product had n2SD 1.4398. The CC12H resonance was ob- propane 
served as a doublet (/ =  4 Hz) at 5.65 ppm in the nmr spectrum
(CC1‘ ). „ C1CH2CH20C H C H 3Anal. Calcd for C7H 140C12: C, 45.42; H, 7 .62 ; Cl, 38.31. |
Found: C, 45.74; H , 7 .60 ; Cl, 38.27. CC12H

n-Propyl methyl ether gave l,l-dichloro-2-m ethoxybutane

_ „  n25D 1 .4 7 5 0 , in 16 (14)%  yield, as well as tetrachloroethylene
G2H6GHUGHS (16) 1 5 % ). nmr (CCh) s 5.73 (1 H, CCI2H, d, J  = 9 Hz),

CC1,H 3 .4 5 -4 .0  (5 H , CH2CH2OCH, m ), 1.4 (3 H, CH3, d, /  =  12.5
____________  H z); mass spectrum 190, parent ion (190 :1 9 2 :1 9 4 :1 9 6  =  27:

(12) D .  S e y fe rth  and  V . A . M a i,  in  p re p a ra tio n ; V . A . M a i,  P h .D .  Thesis , --------------------------

MIT, 1969.
(13) D .  S e y fe rth  and  J. M .  B u r l i tc h ,  J .  Organometal, Chem., 4 , 127 (1965). (15) K .  N a k a n is h i, " P ra c t ic a l In fra re d  S p e c tro sco p y ,”  H o ld e n -D a y ,
(14) D .  S e y fe rth  and  R . L . L a m b e r t,  J r .,  ibid., 16, 21 (1969). In c .,  San F ra n c isco , C a lif . ,  1962, p 36.
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2 7 :9 :1 ,  thus 3 chlorine atoms), 63, molecular ion (C1CH2CH2+), dry, 50-ml flask, equipped with a reflux condenser, a 60-ml pres- 
10 7  _  g2 %  (M — CC12H+). sure-equalizing dropping funnel, a magnetic stirring assembly,

Anal. Calcd for C5H 9OCI3: C, 31.36; H, 4 .74 . Found: and an internal thermometer, was charged with 4.41 g (0.010
C, 31 .39; H, 4 .50. mol) of the mercurial, evacuated for 2 hr, and refilled with dry,

’3-Butenyrm ethyl ether gave l,l-dichloro-2-|3-methoxyethyl- prepurified nitrogen. Then 15 ml of benzene (distilled from
cyclopropane, 71“ d 1.4539, as the sole product in 83%  yield: calcium hydride), 4.14 g (0.0504 mol) of cyclohexene (distilled
nmr 6 3 .24 (3 H, OCH3, s), 3.21 (2 H, CH20 ,  t ,  J  =  5.5 H z), from CaH2), and 5.19 g (0.0517 mol) of 2,5-dimethyltetrahydro-
1.63 (3 H , C H -C H 2, m ), 1.02 [2 H, CH2 (ring), m ]. No ab- furan (distilled from CaH2) were added. The reaction mixture
sorptions due to a C = C  bond were apparent in the ir spectrum. was immersed in an oil bath preheated to 80 ±  2° and stirred at

Anal. Calcd for C6HI0OC12: C, 42.63; H , 5 .96 ; Cl, 41.94. this temperature for 3 hr. During this time the solution turned
Found: C , 42.62; H, 5 .96 ; Cl, 42.18. pale brown and phenylmercuric bromide precipitated. Filtra-

Benzyl methyl ether gave l-methoxy-2,2-dichloroethylbenzene, tion afforded 3.26 g (92% ) of phenylmercuric bromide, mp 284-
ra25D 1.5305, in 69 (73) %  yield, together with a small amount of 286°. The filtrate was trap-to-trap distilled at 0 .02 mm (pot
tetrachloroethylene (3, 6%  yield): nmr (CCh) S 7.32 (5 H , temperature to 8 0°). Glpc analysis of the distillate with o-di-
CsHs, s), 5.75 (1 H, CC12H, d, J  = 11 Hz), 4.37 (1 H, CHOMe, chlorobenzene as internal standard followed. I t  was established
d, J  =  11 H z), 3.28 (3 H, OCHs, s); mass spectrum 204, parent that 7,7-dichloronorcarane and 2-dichloromethyl-2,5-dimethyl-
ion (204 :206 :208  =  9 :6 :1 ,  thus 2 Cl atoms), 77 =  31%  C6H 6+, tetrahydrofuran were present in yields of 75 .8%  and 13 .2% ,
91 =  17%  C6H 6CH2+. respectively, giving a fcre 1 of 0.169 (calculation by the method of

Anal. Calcd for C9H i0OC12: C, 52.71; H , 4 .92 . Found: Doering and Henderson17). A duplicate experiment gave these
C, 52.88; H ,4 .9 8 . products in yields of 76 .5%  and 12 .8% ; kre 1 =  0.174.

2,5-Dimethyltetrahydrofuran gave 2-dichloromethyl-2,5-di
methyl tetrahydrofuran,16 n25D 1.4645, in 87 (79)%  yield: nmr
(CCh)16 5 5.54 (1 H , CC12H , s ), 4.09 (1 H , CH3CHO, m ), 1 .45 - Registry No.-—Phenyl(brom odichloromethyl)mer- 
2 .3 5  (4 H , CH2CH2, m ), 1.38 [3 H , CH3(CC12H )C , s], 1.21 ( 3 H , cury, 3294-58-4; l,l-dichloro-2-ethoxypropane, 923-
CH3C H ,d , J  =  7 .5 H z ). _ 03-5; l,l-dichloro-2-n-propoxybutane, 24165-84-2; 1,1-Anal. Calcd for CvH^OCb. C, 45 .92 , H , 6 .61 , Cl, 38.73. ^ .■» « , o/i ia k  ok q . o o
Found- C 45 8 0 - H 7 0 1 - Cl 38 70. dichloro-2-methoxybutane, 24165-85-3; 2,2-dichioro-

2-Methyltetrahydrofuran gave 2-dichloromethyl-2-methyltetra- 1,1-dimethylethyl methyl ether, 918-43-4; 1,1-dichloro-
hydrofuran, n 26D 1.4723, and 2-dichloromethyl-5-methyltetra- 2-methoxy-3-methyIbutane, 24165-87-5; l,l-dichloro-2-
hydrofuran in 4 .2 :1  ratio in 78 (80)%  combined yield: nmr of methoxy-3,3-dimethvlbutane, 24165-88-6; 1,1-dichloro-
« eH7 u n Pr0dr i ' pttph11’ 2-d-chloroethoxypropane,  24165-89-7; l,l-dichloro-2-(2 H, CH20 ,  m ), 1 .6-2 .5  (4 H, CH2CH2, m ), 1.3 (3 H, CH3, s). ^ , i A . n i ¿i.
In  the nmr spectrum of the minor product a doublet (/ =  8 /3~m6thoxyethylcyclopropane, 24165-90-0,  ̂ 1-methoxy-
Hz) at 5.68 ppm spoke for the structure indicated. 2,2-dichloroethylbenzene, 24165-91-1; 2-dichlorometh-

Anal. Calcd for C6H i0OC12: C , 42.63; H , 5 .96; Cl, 41.94. yl-2,5-dime thy ltetrahydrofuran, 24165-92-2; 2-dichlo-
Found: C, 42.80; H, 6 .20; 0 1 ,4 1 .8 0 . . romethyl-2-methyltetrahydrofuran, 24215-80-3; 2-di-

Tetrahydropyran gave 2-dichloromethyltetrahydropyran in . . _ i, . i j  c o ^ i c c r v o o o
18 (20) % yield, as well as tetrachloroethylene (1 2 ,1 2 % ). The chloromethyl-5-methyltetrahydrofuran, 24165-93-3; 2-
product was rather unstable, turning yellow within a few minutes dichloromethyltetrahydropyran, 24165-94-4. 
after isolation by glpc and black within a day in a sealed capillary 
tube: nmr (CCh) 5 5.47 (1 H, CC12H, d, / =  5 H z), 3 .0 -4 .1
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1998 J .  Org. Chem., Vol. 35, No. 6, 1970 Seyferth , Mai, and Gordon



A lum ina: C atalyst and Support. X X X I X .1 Benzyl M igration  
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The dehydration of 2,2-dimethyl-3-phenyl-l-propanol at 275-400° over alumina prepared from aluminum iso- 
propoxide was investigated by the micropulse technique. The migratory aptitude ratio of methyl/benzyl 
was found to be 2.7 and to be constant in the temperature range studied. The suggested mechanism consists 
of the concerted removal of the hydroxyl group of the alcohol by the intrinsic acidic sites of the catalyst and the 
abstraction of either an a or a y  proton by the basic sites. 7 -M ethyl proton abstraction was responsible for 
31.5%  of the products, whereas 27.2%  was from 7 -benzyl proton abstraction and 41.3%  from a-proton ab
straction. Comparisons made with studies of solvolytic reactions of this system support the concept of alumina 
acting as a “pseudo solvent.”

Investigations of the alumina-catalyzed dehydration solvent, was injected by means of a syringe into the
of alcohols have recently been reviewed by Pines and microreactor. Helium flowing at a rate of 81 ml/min
Manassen3 and by Knozinger.4 I t  was concluded in carried the sample over the catalyst and directly to a
both reviews that the dehydration of alcohols over gas chromatograph.
alumina occurs by the concerted removal of the hy- Alumina prepared from aluminum isopropoxide ac- 
droxyl group of the alcohol by an acidic site of the cording to the procedure of Schappell and Pines11 and
catalyst and the abstraction of a proton of the alcohol of 20-40 mesh size was used in amounts of 5 to 25 mg.
by a basic site. The similarity between solvolytic The temperature of the catalyst was varied from 275 to
elimination reactions and alumina-catalyzed reactions 400°. 
has led to the concept of alumina acting as a “pseudo
so lv e n t” w h ich  su rro u n d s th e  a lco h o l m o le cu le .3 R e s u lts  an d  D is c u s s io n

S k e le ta l  re a rra n g e m e n t h a s  b e e n  o b serv ed  d u rin g  T h e  d eh  y d ra tio n  o f 2 ,2 -d im e th y l-3 -p h e n y l-l-p ro -  
som e d eh y d ra tio n  re a c tio n s  P h e n y l m ig ra te d  a b o u t ol QVer a lu m in a  ield ed  2 -b e n z y l- l -b u te n e  (1 ) ,  cig-
e ig h t tim e s  as  re a d d y  as  m e th y l d u rin g  th e  d e h y d ra tio n  (2 ) an d  <rans.2 . m e th y l- l -p h e n y l- l -b u te n e  (3 ) , 2 -b e n -

t Propano - - • zyl-2-butene (4). 3-methyl-l-phenyl-2-butene (5), and
In the reactions of ketones with diazomethane which 2-methyl-4-phenyl-l-butene (6). Figures 1 and 2

involve migration to an electron-deficient carbon atom 3 ghow the duct distributi0n from the dehydration at
in the formolysis and acetolysis of ,2-dimethyl-3- m  and respectively; and at various conversi0nS
phenyl-1-propyl p-toluenesu fonate m which ionization effected b ch in the amount of catalysfc used. 
and rearrangement are likely concerted/.3 and in the Similar regults were found at 275 340; and 400°.
deamination of 2,2-dimethyl-3-phenyl-l-propylamme/ In Fi j and 2, extrapolation to zero conversion 
methyl was found to have a higher migratory aptitude giveg the initial product distribution. The decrease in

a n  en zy  . 1 an d  6  an d  th e  in c re a se  in  3 , 4 , an d  5  a s  th e  co n v ersio n
T h e  p re se n t s tu d y  o f th e  d e h y d ra tio n  o f 2 ,2 -d i-  wag in cre a se d  in d ic a te  t h a t  som e iso m eriz a tio n  o c-

m e th y l-3 -p h e n y l-l-p ro p a n o l o v e r  a lu m in a  offered  a  cu rred  A t  h i h e r  ternperatures, m 0 re  iso m eriz a tio n  
co m p a riso n  of th e  m ig ra to ry  a p titu d e s  of b en z y l an d  wag f ound

methyl groups as well as a comparison with elimination In an effort to determine further the primary products
re a c tio n s  m  so lu tio n  on  th is  sy s te m . o f th e  re a c tio n , th e  c a ta ly s t  w a s tre a te d  w ith  p y rid in e .

P r o c e d u r e . - T h e  d e h y d ra tio n  w as s tu d ied  b y  th e  B e r a n e k  et a l  show ed thafc w h en  a lu m in a  w as tre a te d
micro pulse technique which was first used by Emmett with idi the isomerizing ability of the catalyst
and coworkers3 and was later modified by Stemgaszner wag almogt abgent whereag the dehydrating ability
and Pines.1» The detailed experimental procedure was WRg onl gIi ghtIy deCreased.13 Table I shows the effect
described previously 1 The material consisting of 8 of tMg treatment the isomerization of 2-benzyl-
/il of a mixture of 43.1%  alcohol, 4.5%  sec-butylben-  ̂ butene (4)
zene, the internal standard used to determine the con- ' 2-Phenyl-l-propanol was injected with compound 4 
version of alcohol to olefin, and 52.4% cyclohexane, the study isomerization under conditions similar to those

(1) (a) For paper XXXVIII, see H. Pines and M. Abramovici, J. Org. during the dchydr&tion reaction. XjGSS isomerization
Chem., 34, 70 (1969). (b) Paper XV of the series of Dehydration of Alcohols. OCCUTred when alcohol Was present than when pure
For XIV, see E. J. Blanc and H. Pines, ibid., 33, 2035 (1968). ■, n • • , j  -p> -j* i_„i il ,,

(2) This research was supported in part by the Atomic Energy Commission olefin WRS injected. Pyridine treatment of the Catalyst
Contract AT(ii-i) 1096. red u ced  th e  a m o u n t o f iso m eriz a tio n  b u t  a  r e tre a tm e n t

(3) h. pines and j . Manassen, Advan. Catai., 16,49 (1966). bad no additional effect. An increase in temperature
(4) H. Knozinger, Angew. Chem. Int. Ed. Engl., 7, 791 (1968). 1 . . .
(5) H. Pines and J. Herling, J .  Org. Chem., 31, 4088 (1966). Caused m o re  ISOmeriZatlOn to  OCCUr.
(6) h. o. House, e . j. Grabbs, and w. f . Gannon, j . Amer. chem. Soc., Results of dehydrations over the pyridine-treated

8,’4,09c9<1960?-, ^  alumina are included in Figures 1 and 2. Figure 2(7) P. Warrick, Jr. and W. H. Saunders, Jr., ibid., 84,4095 (1962). _ . .. , . i
(8) J. R. Owen and W. H. Saunders, Jr., ibid., 88, 5809 (1966). SI10WS that product distribution changes at h ig h  COn-
(9) R. J. Kokes, H. Tobin, Jr., and P. H. Emmett, ibid., 77, 5860 (1955).
(10) P. Steingaszner and H. Pines, J .  Catai., 5, 356 (1966). (12) L. Beranek, M. Kraus, K. Kochloefl, and V. Bazant, Collect. Czech.
(11) F. G. Schappell and H. Pines, J. Org. Chem., 31, 1735 (1966). Chem. Comm., 25, 2513 (1960).
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„  ... t i e r  ,, , , oo peratures to 2 and especially to 3 since in these, the

double bond is conjugated with the phenyl group, 
and pyridine-treated A120 3 (filled symbols). More of olefin 3 than 2 would be expected to be formed

since the irons isomer is presumably more stable than 
the cis. The small amount of isomerization of product

_________________________________ ______ 6 to 5 found is due to the fact that 5, a trisubstituted
:: olefin, is more stable than 6, a disubstituted one. Sim-

50 _ ilarly, the slight increase in 4 can be explained by isom-
c erization of 1 to the more stable 4 ; the latter is pre-
:f 40 - sumably a mixture of cis and irons isomer, which could
| .................„______?_____ ! _ 4—*— -----V r  not be resolved by vpc.
<3 30 * Extrapolated values for the product distribution at
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------------o— s —o— -----  ̂ ^ within the temperature range studied.
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Figure 2.—Composition of olefins from the dehydration of Chart I
2,2-dimethyl-3-phenyl-l-propanol at 380° over alumina (open
symbols) and pyridine-treated alumina (filled symbols). Ph /

V r 1 *  H2C=C
f a  -C

Table I V T ^ ~
Effect of Pyridine upon the Isomerization of jj  q,A>q h )  — ► PhCCCC

2-Benzyl-2-butene over Alumina  ̂ b ||
% unisom- 77Tb 7Wk TTT C

erized | 23.0a
C a ta ly s t,  2 -b e n zy l-  1

E x p t  m g  T e m p , ° C  Sam ple , /d  2 -b u te n e  (4)

1 10 300 4,1 83.1 ph c
2 10“ 300 4,1 96.5 I a \ „ _ rrp ,
3 10 300 4,1, and 94.0 r  a /

PhCCOH, 4 | >  C
I C— C—CH-r-OH -T 5,7.0“
c  m4 10“ 300 4, 1.2, and 98.1 C^H \ — ► PhC

PhCCOH, 5 V b SV = r c
^ 777B7ZFA777 (/

5 15 325 4, 3 69.3 cis and trans 4,34.4“
“ 15-̂ 1 portions of pyridine and three 10-/il portions of a 50:50

cyclohexanol-pyridine mixture were injected at a helium flow q
of20ml/min. | \  ̂ Ph. yCC Ph.

Ph— C-rrC—CH2 —* ,C =Q  + C=C
1  ̂ I A  x c  H/  X CC

H C f O H  n
versions are the result of isomerization, since the dis- N \ as trans 3, 13.4
tribution over pyridine-treated catalyst at high con- 777 777777 777
versions corresponds to that at lower conversions over a initial product distribution. 6 The absolute assignment was 
untreated catalyst. not made.

y rr , Ar a im n  B rown and P ines2000 J .  Org. Chem., Vol. 35, No. 6, 1970



T a ble  I I
Gas Chromatographic Columns

O u te r
C o lum ns %  s u b s tra te  S o lid  s u p p o rt“  (m esh) L e n g th , m  diam eter,® in .

A 15%  Reoplex“ 400 Gas Pack W AB (60-80) 3 .6  0 .375
B  15%  Ucon<! 75H 90,000  Gas Pack W A B (60-80) 4 0 .2 5
C 8%  Apiezon L ,-8 %  Gas Pack W  (80-100) 4 0 .2 5

Bentone 34^
D 10%  G E  X F-llSO » Gas Pack W (80-100) 5 0 .2 5

« Gas Pack W is a diatomaceous earth. 6 Columns were made of copper. c Reoplex is polypropylene glycol adipate. d Ucon is a 
polypropylene glycol. e Apiezon L  is a high molecular weight hydrocarbon grease, t  Bentone 34 is dimethyldioctadecylammonium 
bentonite. « G E X F-1150 is a silicone fluid.

The relative migratory aptitude of methyl/benzyl Identification of the Olefinic Reaction Products. T he reaction
in 2,2-dimethyl-3-phenyl-l-propanol, based upon the P.rod“.cts ^  identified by comparison of their relative reten- 

, ’ i  i  , .  j, r  t,. tion times with those of known samples. An electronic mtegra-
extrapolated initial product distributions from Figure tor,M od elC R S-11H SB , InfotronicsCorp., H ouston,Texas, was 
3 and corrected for the statistical factor of two methyl used to measure chromatographic peak areas, 
groups, is 2.7. Since at least two products overlapped on all columns tried,

Warrick and Saunders7-8 reported finding benzyl it was necessary to use two separate columns and therefore, to do

migration m the acetolysis of 2,2-dimethyl-3-phenyl-l- column c _ the 2-methyI-4-phenyl-l-butene (6) and 2-benzyl-2-
propyl p-toluenesulfonate and in the deamination of butene (4) peaks overlapped. Using column D, the percentage
the amine. Although products 1-6 were found in their of 4 formed was found. B y  subtracting this percentage from
study, the compounds formed by the removal of a the combined percentage of 4 and 6 as found on column C,
methyl y hydrogen, 1 and 6, amounted to 2.36 and tbe percentage of 6 formed was determined The percentages
.. „ . A  1 ^ i i • no n j o  rm  of all other olefinic products were determined by using column
1.64%, respectively, compared with 23.0 and 8.5%, c
respectively, in the present investigation. 2,2-Dimethyl-3-phenylpropanol.— This alcohol was prepared

The migratory aptitude of methyl/benzyl is 1.85 in in an overall yield of 23%  from benzyl chloride and methyl
the acetolysis reaction and 2.55 in the formolysis re- lsobutyrate.7 , , , , , ... . ,  ,, , . . „ . , ,

,. , , , 2-M ethvl-4-phenyl-l-butene (6 ) and 3-methyl-l-phenyl-2-bu-
a c tio n , w h ich  is  m  a c co rd a n c e  w ith  th e  p re se n t s tu d y . tene ^  were prepare(j  by W arrick and Saunders,7 who kindly

The fact that the alumina-catalyzed dehydration supplied us with samples of each,
and these solvolysis reactions yield the same elimina- cis- (2) and iro»s-2 -M ethyl-l-phenyl-l-butene (3), 2 -Benzyl-2 -
tion products and similar migratory aptitude ratios butene (4), and 2 -Benzyl-l-butene ( l ) .  A mixture of the four
s n n r w ts  th e  en n een t o f alumina actimr as a “Dseudo olefins PrePared by W arrick and Saunders7 was separated intosupports the concept ot alumina acting as a pseuao pure olefins meang of preparative gas chromatography on
solvent . column A. The compounds were identified by comparison of

their relative retention times on column B  with the reported
Experimental Section times on a similar column.7 Their relative retention times at

130° were as follows: compound 1, 1.00; 4, 1.19; 2, 1.28;
Apparatus.— The apparatus used has been described by 3 ,1 .4 4 .

Steingaszner and Pines10 and consisted of a microreactor in a The relative retention times of the products from the dehydra-
furnace, a temperature control panel, and an F  & M  Model 300 tion of 2.2-dimethyl-3-phenyl-l-propanol were analyzed on
programmed temperature gas chromatograph. columns C at 1S0° and D at 110° with a helium flow rate of 81

The 150-mm microreactor was constructed of 0.25-in.-o.d. ml/min, and using sec-butylbenzene as an internal standard
stainless steel tubing. I t  had stainless steel swagelok fittings with a retention time of 1.00. On column C the retention times
on each end and a thermocouple tube welded to the side. A were as follows: compound 1, 1 .86 ; 4 , 2 .16 ; 6 , 2 .16 ; 5, 2 .59 ;
0.125-in.-o.d. transfer line connected the reactor outlet to the 2, 2 .70 ; 3, 2.96. On column D  the retention times were as
chromatograph inlet. follows: 1 ,2 .0 0 ; 4 ,2 .3 0 ; 2 ,2 .5 6 ; 6 ,2 .5 6 ; 5 ,2 .7 2 ; 3 ,2 .9 4 .

Analytical Procedures. Gas Chromatographic Columns.—
Listed in Table I I  are the columns used for the dehydration R  is try  N o .— 2 ,2 -D im e th y l-3 -p h e n y l- l -p r o p a n o l ,
product analyses and preparative gas chromatographic separa- 6  '  J  1
tions. 1 3 3 5 1 -b l-O .

Dehydration of 2,2-Dimethyl-3-phenyl-1-propanol J. Org. Chem., Vol. 85, No. 6, 1970 2001



Reactions of Ethylene Di- and Trithiocarbonates with Acetylenes. 
Anomalous Reaction with Brom ocyanoacetylene to Give a Thioacyl Bromide
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M ost acetylenes having electron-withdrawing substituents react with 0,S-ethylene dithiocarbonates or ethylene 

trithiocarbonates to give olefin and 0,S-vinylene dithiocarbonates or vinylene trithiocarbonates. Bromocyano
acetylene does not eliminate ethylene from ethylene trithiocarbonate, but gives intensely colored, resonance- 
stabilized a-cyano-l,3-dithiolane-A2 “-thioacetyl bromide (9); 9 reacts with alcohols and amines to give thiono 
esters and thioamides.

In 1965, Easton and Leaver reported that dimethyl Normal Reactions of Phenyl- and os-Diphenyleth- 
acetylenedicarboxylate reacts with ethylene trithio- ylene Trithiocarbonates (3a and 3b) .— In nmr-tube
carbonate (1) at 140° to give ethylene and 1,3-dithiole- experiments, 3a11 was shown to react smoothly with
2-thione (1,3-trithione) derivative 2a.1 Other five- dimethyl acetylenedicarboxylate at 88-90° to give 2a
membered-ring heterocycles which give cycloaddition- and styrene. The reaction appeared to follow second-
ring-opening reactions with acetylenes include 1,2- order kinetics in CD CL solution. It was about 40%
trithiones,1-6 aza 1,2- and 1,3-trithiones,6-8 and complete in 55 min and 72%  complete in 220 min using
sydnones.9 A  similar reaction of N-sulfinylanilines equimolar quantities. A  small solvent effect was
with ethylene carbonate was reported.10 detected; in (CD 8)2SO solution at 89-90°, the reaction

This paper describes further studies of the reactions was about 35% complete in 27 min and 88% complete
of ethylene di- and trithiocarbonates with acetylenes. in 220 min.

Normal Reaction of Ethylene Trithiocarbonate (1).—  CH g 
Several acetylenes having electron-withdrawing groups 6 3 \ = g  + H3COOCC=CCOOCH3 — *-
reacted smoothly with 1 to give substituted 1,3-di- R/ k g / _
thiole-2-thiones 2a-c. The reactions proceeded at '

3a R = H
S ra s. b, R = C6H5, cis

f  \ = S  + RC=CR' — * j> = S + C H , 2a + RCH— CHC<R
R ^ ^ S  cis and trans

1 2a, R, R' = COOCH;j Similarly, 3b12 reacted with dimethyl acetylene-
b, R, R' = CF3 dicarboxylate, the reaction being 31%  complete in 1.0
c, R = CN;R' = H hr a| 7 g°. xhe products were 2a and an apparent
d, R, R' = H mixture of cis- and ircms-stilbenes.

These results indicate that substitution of phenyl for 
useful rates at 110-145°; yields were good. However, H in 1 promotes the cycloaddition-ring-opening reaction 
acetylene reacted with 1 only under forcing conditions moderately. However, the effect is apparently in
to give 2d in 2-5%  yield; the product was grossly sufficient to enlarge the scope of the reaction appreci-
contaminated with tar. 1 did not react with methyl-, ably. Neither 3a nor 3b reacted detectably with
phenyl-, or diphenyl acetylenes at 130-150°. A t higher phenylacetylene at temperatures up to 160°. 
temperatures (180-190°) tar was formed, and no Treatment of Dithiocarbonates with Acetylenes.—  
ethylene was detected. Thus, the scope of the reaction 0,S-Ethylene dithiocarbonate13 (4) reacted slowly with
appears to be limited to negatively substituted acety- dimethyl acetylenedicarboxylate at 100° to give
lenes, with acetylene as a limiting case. known compound 5, whose structure was established by

The structures of compounds 2b and 2d were estab- its spectra and by comparison with published data.14 
Iished by comparison with published data and were
further substantiated by single-line XH or 19F nmr N \ _ „  pnn rY ^ rrn n rn  toluene:
spectra, which virtually eliminate the isomeric 1,2- 3 3 103°
dithiolane-3-thione structures as possibilities. The
structure of 2c was assigned by analogy and was 4 H rnnr
substantiated by spectral similarities to 2b and 2d. 3 N ^ sn

J > =  O +  Cll,
(1 ) D .  B . J . E a s to n  a n d  D . Le a ve r, Chem. Commun., 585 (1965). C O O C '/ / ^ ^
(2) H . B e h rin g e r a nd  R . W id e n m a n n , Tetrahedron Lett., 3705 (1965). 3
(3) H .  B e h rin g e r, J. K ilg e r ,  a nd  R . W id e n m a n n , ibid., 1185 (1968). cj
(4 ) J . V ia lle , et al., Bull. Soc. Chem. Fr„  1150, 3187 (1966).

(5) R . M a y e r ,  H .  J . H a rtm a n n , a n d  J. Jentzsch, J .  Prakt. Chem., 31, 312 However, S,S'-ethylene dithiocarbonate (6) did not

(6) ĥ. B e h rin g e r and  d. D e ic h m a n n , Tetrahedron Lett., 1 0 1 3  (1967). react with dimethyl acetylenedicarboxylate at 110 or
(7) d. N o e l a nd  j . v ia iie ,  Bull. Soc. CMm. Ft., 2 2 3 9  (1966). 160°, and 0,0 '-ethylene thiocarbonate13 (7) did not
(8) H .  B e h rin g e r, D . B e nder, J. Falfcenberg , a nd  R . W id e n m a n n , Chem.

Ber., 101, 1428 (1968). (11) H .  A . S ta n s b u ry , J . A . D u rd e n , J r., and  W . H . C a tle t t ,  C a n a d ia n
(9) R . H u isgen , G e rm a n  P a te n t 1,261,124 (1968), to  F a rb w e rk e  H o e c h s t P a te n t 682,545 (1964), e x a m p le s .

A k tie n g e se llse h a ft. (12) C . G. O ve rb e rg e r a n d  A . D ru c k e r, J. Org. Chem., 29, 360 (1984).
(10) O . Tsug e , M . T a s h iro , a n d  F . M a s h ib a , Bull. Chem. Soc. Jap., (13) F . N .  Jones a n d  S. Andreades, ibid., 34, 3011 (1969).

40, 2709 (1967). (14) R .  M a y e r  a nd  B . G e b h a rd t, Chem. Ber., 97, 1298 (1964),
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react at 80°, its upper limit of stability. Evidently, Compound 9 reacts readily with amines and alcohols 
this reaction is characteristic of substrates having the to form yellow thiono esters 11a and b and thioamides
_ C (= S )S - configuration. 12a-d.

Part of the driving force for the reaction of 4 is 
probably the conversion of a thionocarbonate to a S. cn CN
thiolcarbonate. Bond energy data indicate that this f  ■*—  9 — f
process is exothermic by 24 kcal/mol in simple sys- s' CC® s CNR'E"
terns.15 |  |

Anomalous Reaction of 1 with Bromocy&noacetylene
(8).— When 1 and 816 were mixed in benzene, a mildly lla,R=CH3(95%) 12a, R '= CH3; R" = H (96%)
exothermic reaction occurred and, after a few hours, a b, R = C2H5 (85%) b, R '= C2Ĥ  R" = H (95%)
good yield of 1 :1  adduct was obtained as brilliant c’
violet crystals. No ethylene was evolved. The adduct ’ ’ = ! ”
fumed in a humid atmosphere, but it could be handled
in dry air. The structures of 11 and 12 were established by con

version of thiono ester l ib  to known ester 13 by treat- 
, _ _ 25° f  \  / CN , . , ment with N-bromosuccinimide in air and by indepen-

1 + BrC=CCN —  (violet) dent synthesis of thioamide 12c.

8 9
Hb - 13cci

This addwftt was assigned structure, 9, a-eyano-1,3- 4
dithiolane-A2>a-thioacetyl bromide, primarily on the
basis of its conversion to derivative 10 which was i. soci2 \   ̂ 12c
prepared independently by an established route.17 2.(ch3>2nh \ g/^ C 0 N (C H 3)2 xylene

1.2 KM nOt,

acetone. 25° ^b\ _/ CN Spectral data also supported the assigned structures.
9 / \ rnnH The nmr spectrum of ethanol adduct l ib  in CDC13 had,

3 S UAJH in addition to the triplet-quartet pattern of the ethyl
10 protons, a broadened singlet at S 3.63 (4 H) which at
a higher resolution appeared as a symmetrical pentuplet.
excess koh The infrared spectrum had a nitrile band at 2200 cm-1

| eioh-h2o and a strong band at 1445 cm-1 . The absence of a
g S cN strong peak assignable to C = 0  showed that the ester

f  V ^ S C ll, + NCCH2COOC2H5- > C  />=*( had the less stab!e tb- c a r bonyl structure. The elec-
k s/  EtOH-H2o k  /  xCOOC2H5 tronic spectrum in CH 3CN  had maxima at 246 mg

r  13 (e 12,000), 278 (4350), 300 (5400), and 360 (18,400).
Spectra of 11a and of 12a-d (see Experimental Section) 

The structure of 9 was substantiated by spectral were consistent with the assigned structures, 
data. The nmr spectrum in CH 2C12 appeared as a Phenylhydrazine reacted with 9 at 25 to give a red- 
symmetrical pentuplet centered at S 3.68. The infrared brown solid, mp 235-236° dec, which had no nitrile ab- 
spectrum had a nitrile band at 2200 cm“ 1 and very sorption m the infrared spectrum Probably the prod- 
strong bands at 1355 and 1325 cm“ 1. uct is not 14 but some product of further reaction such

The absence of absorption in the normal double-bond as 15. 
region of the infrared spectrum of 9 and the presence of
very strong bonds at 1355 and 1325 cm -1 suggest that NH
resonance structures 9a, 9b, and 9c may contribute sig- S. CN .S JL-NC6H5
nificantly to the resonance hybrid. The intense color f  f  \==/̂  |
also suggests a resonance hybrid with charge separation. CSNHNHC6H5 p N

SH

r - v / ®  „  [ V  „  r V / N 14 15
s 1  Br S J  Br - \ g /  Br Thioacetyl bromide (9) reacted with potassium fluo-

s s  ride in refluxing acetonitrile to give the corresponding
9» 9b 9c thioacyl fluoride, 16, similar in color to 9. The struc

ture was strongly supported by analytical and spectral 
Compound 9 is believed to be the first example of a data. The 19F nmr spectrum had a sharp singlet at 

stable thioacyl bromide, although thioacyl fluorides and -1 10 .2  ppm from ChPCCPCV , thioacyl fluorides are
chlorides are well known. Its stability probably results reported to have resonances between — 107 and — 162
from the unusual degree of electron delocalization. ppm from CI2FCCFCI2.18

Treatment of phenylethylene trithiocarbonate (3a)
(15) E . s. K o o y m a n  in  “ O rg a n o s u lfu r C h e m is try ,”  M .  J. Janssen, E d .,  n t  g , O f)0 also gave a red-violet Solid for which ana-

In te rsc ie n ce  P u b lish e rs , In c .,  N e w  Y o rk , N . Y . ,  1967, C h a p te r  1.

(16) E . K lo s te r-Je n se n , Acta Chem. Scand., 17, 1859 (1963); 17, 1862 M id d le to n , E .  G . H o w a rd , a n d  W , H . S h a rke y , J. Org. Chern,,
(Viffiy, W .  ' o„",

(17) R . M a y e r  a n d  K . S chafer, J. Prakt. Chem., 26, 279 (1964). >
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lytical and spectral data support structure 17a or 17b. a 240-ml stainless steel tube (barricade) at 150° for 4 hr and then
T h is  th io a c e ty l  b ro m id e w as c o n v erted  in to  th e  e th y l at 2 0 9  ° fo0r 4  ^r - J 1!« ^suiting red solution was concentrated to

1 “ give 33.8 g of red oil which was estimated by nmr analysis to
tm o n o  ester io .  contain 5 -6 %  2d and much unreacted 1. Repeated extraction

pi o with pentane gave 0.4 g of residual 2d, an impure oil having all
yC N  s '  \ xCN the ir and nmr [5 7.18 (CDCU)] peaks of 2 d independently syn-

3a +  B rC = C C N  —► I ^ ==\  or j l  thesized by the method of M ayer .14
g CSBr CSBr Reactions of Phenyl and cts-Diphenyl Trithiocarbonates with

17b Dimethyl Acetylenedicarboxylate.— These reactions were effected

I by immersing solutions of reagents in nmr tubes in a therm ostat- 
EtOH ically controlled oil bath. After the indicated time, the tubes
were quickly cooled. The compositions of the resulting solutions 

.CN were estimated by comparison of their nmr spectra with those
Ph—r  y=<T of starting materials and products.

COC2H5 Dimethyl 2-Oxo-l,3-dithiole-4,5-dicarboxylate (5).— A solution
| of 3 .6  g (0.03 mol) of yellow 0,S-ethylene dithiocarbonate13 (4)
S and 4.2 g (0.03 mol) of dimethyl acetylenedicarboxylate in 30 ml

18 of toluene was heated at 103° in the dark for 6  hr and kept at
25° for 3 days. The red solution was concentrated to give 6.9 g 

T h e  m e ch a n ism s o f th e se  re a c tio n s  h a v e  n o t  b e e n  of oil whose ir spectrum showed substantial amounts of un
s tu d ie d  in  d e ta il. T h e  f a c t  t h a t  d ith io n o c a rb o n a te  4  reacted starting materials. Fractional recrystallization from
re a c ts  to  g iv e  5  an d  t h a t  6  an d  7  do n o t  r e a c t  s tro n g ly  methylene chloride and from methanol followed by sublimation

suggests that the exocyclic sulfur of ethylene tnthio- mp 70°).
carbonates becomes endocyclic during the normal reac- Anal. Caled for C7H60 6S2: 0 ,3 5 .8 9 ;  H , 2 .58 ; S , 27.37. 
tion. Mechanisms in which the two ring sulfur atoms Found: 0 ,3 6 .0 2 ;  H, 2 .71; S , 27.23.
are  in co rp o ra te d  in  th e  r in g  o f th e  fin a l p ro d u ct seem  to  a-Cyano-l,3-dithiolane-A2."-thioacetyl Bromide (9).— A solution
b e  e lim in a te d . T h e  an o m alo u s re a c tio n  o f b ro m o c y - ° f 2 f, g , ( ( U 9  ™,oI) of bromocyanoacetylene43 and 27 g (0 .2 0  mol)

, , , . , , . ot ethylene tnthiocarbonate (1) m 400 ml of benzene was stirred
a n o a c e ty le n e  (8 ) o ccu rs  a t  low er te m p e ra tu re s , m d i- at 25-30° for 24 hr; 4 3  g (83% ) of purple-red 9 , mp 120-124°
e a tin g  th a t  a  low er en erg y  p a th w a y  a v a ila b le  to  1 and  8  dec, was collected. Recrystallization of 1.0 g from 25 ml of
su p ersed es th e  n o rm al re a c tio n . benzene yielded 0.5 g of brilliant purple needles: mp 126° dec;

ir (K B r) 3000 (w), 2200 (m), 1355, 1325 (s), 1275 (m), 1245 (m), 
1155 (m), 1045 (w), 953 (m), 930 (w), 840 (w) cm -1 ; nmr 

Experimental Section19 (CH2C12) 5 3.68 (broadened singlet) (at 50-cps sweep width the
spectrum appeared to be a symmetrical quintet centered at S 

Dimethyl 2-Thiono-l,3-dithiole-4,5-dicarboxylate (2a.).-—A 3.68 with a 7.6-Hz separation between the weak outer wings);
mixture of 27.4 g (0.20 mol) of ethylene trithiocarbonate (1), uv-vis (CHSCN) Xms* 242 m,u (« 20,000), 266 (6400), 294 (3300),
28.5 g (0.20 mol) of dimethyl acetylenedicarboxylate, and 100 ml 330 (3860), 400 (19,200), 520 (130).
of toluene was heated at reflux for 4 hr. Pentane was slowly Anal. Caled for C6H4BrN S3: C , 27.07; H, 1.52; N, 5 .27; 
added to precipitate 2 a. Recrystallization from toluene-pentane B r, 30.02; S , 36.13; mol wt, 266. Found: 0 , 2 7 .1 6 ;  H,
gave 26.3 g (53% ) of yellow dithiolane 2 a: mp 72-72.5°;_ ir 1.43; N, 5 .27; B r, 30.10; S , 35.51; mol wt, 284 (cryoscopic,
(K B r) 1721, 1742 cm *| nmr (CDCI3) 5 3 .88 . Use of refluxing CeH8), 284 (vapor pressure osmometer, CHC13), 284 (ebullio-
xylene as solvent gave dark colored 2 a, mp 6 9 -7 0 .5 ° , in 33%  scopic, CH2C12).
yield. a-Cyano-l,3-dithiolane-A2’“-acetic Acid (10).— A solution of 12Anal. Caled for C7H6O4S3: C , 33.59; H , 2 .42; S , 38.51. g (0.0076 mol) of potassium permanganate in 1400 ml of acetone
Found:^ C, 33.99; H, 2 .53; S , 38.70. was added rapidly to a slurry of 8  g (0.03 mol) of 9  in 100 ml of

4,5-Bis(trifluoromethyl)-l,3-dithiole-2-thione (2b ). A mixture acetone. The brown precipitate was collected and extracted
of 34 g (0.25 mol) of 1 , 49 g (0.3 mol) of hexafluoro-2-butyne, thoroughly with dilute aqueous potassium hydroxide. Acidifica-
and^60 g of toluene was heated in a steel pressure tube at 1 2 0 ° tion with dilute sulfuric acid precipitated 3 .8  g (67% ) of 10, mp
for o hr and at 160 for 3 hr. Fractionation through a spinning- 240-250° dec. Recrystallizations from 400 ml of acetonitrile
band column gave 51 g (76% ) of pale orange 2 b, bp 186-187°; (Darco) and from acetic acid gave pale yellow 1 0 : mp 228 .5 -
the product was identical with the material obtained from hexa- 230° (lit .17 mp 248-249°); ir (K Br) 3300-2400 (br), 2205 (m),
fluoro^-butyne, sulfur, and CS2:“  ir (neat) 1555, 1270, 1250, 1670 (s), 1455 (s), 1295-1280 (s), 1180 (m), 930 (w), 900 (w), 725'
n ; ° ; 92° ’ 895, c™ . . cm -1; nmr (CD3SOCD3) S 10.0 (s, 1), 3.77 (s, 4 ). These spectra

1Wi?" r , °^e~ '̂Car')on^r^e A  sol«tion °f 5-9 g were identical with those of acid 10 synthesized independently
(0.043 mol) of 1 and 2.5 g (0.05 mol) of cyanoacetylene in 100 ml substantially as described.17
of xylene was stirred at 25° for several hours; no gas was evolved. Anal. Caled for C6H 6N 0 2S2: C, 38.48; H, 2 .70 ; N , 7 .48 ;
The solution was refluxed for 20 hr, the temperature rose S , 34.25. Found: C, 38.26; H , 2 .73; N, 7 .49 ; S , 33.92. 
gradually from 120 to 135°, and 0.5 1. of water-insoluble gas O-Methyl a-Cyano-1,3-dithiolane-A2 "-thioacetate (11a).— A
evolved. The mixture was cooled and 3.0 g (0.06 mol) of cyano- slurry of 2.6 g (0.01 mol) of 9  in 75 ml of methanol was stirred
acetylene was added. After 10 hr of further refluxing, the tern- for 12  hr at 25°. Thionoester 11a was collected as 2 .1  g (95% )
perature was 130 , 1.75 1. (co. 0.07 mol) of gas had evolved, of light brown solid, mp 133-135° dec. Recrystallization from
and the rate of gas evolution was very slow. The dark red re- 70 :30  benzene-hexane gave yellow 11a, mp 135-138° dec.
action mixture was concentrated under nitrogen, and the semi- Anal. Caled for C7H7NS30 :  C, 38.68; H, 3 .25; N, 6 .45.
solid residue was extracted with three 200-ml portions of hot Found: C , 38.38; H , 3 .15; N, 6.46.
hexane-benzene (9 8 :2 ). Cooling the extracts gave 2.1 g (33% ) O-Ethyl a-Cyano-l’3-dithiola’ne-A2'"-thioacetate ( l ib ) .— This
of yellow-bronze 2 c, mp 92 .5 -9 6 °. Recrystallization followed by thiono ester, mp 133-134° dec, was prepared similarly, in 85%
Sub^ l 10n at 9 0  ( 0 '2  mm) Save yellow 2c: mp 100-101.5°; yield, from 9 and ethanol.
srv9CiH? l3al 1o0/8 0 7(W )’- ? 9 8 0  (Ŵ ^ ^ (m2 ’. 110°  (m )’ 107 0  (VS)’ AnaL Caled for CsH9NOS3: C , 41.52; H, 3.93; N, 6 .06 ; S , 
872 (m), 840 (m) cm ; nmr (CDC1S) S 7.78 (s). 4 1 .5 7 . Found: C, 41.42; H, 3 .94; N, 6 .13 ; S , 41.88.

nal. Caled for C4HNS3: C , 30.16; H, 0 .63; N, 8 .80. Conversion of l ib  into Ethyl-a-cyano-l,3-dithiolane-A2>“-ace-
F °iUi dTV+n-’ H ’ f! £ 9; N.’ 8 '93 ’ tate ( 13)-— A mixture of 9.2 g (0.04 mol) of thiono ester l ib  and
, 1’ , D l711° e - 2 -thione (2d).— A mixture of 34.1 g (0.25 mol) of 7.2 g (0.04 mol) of N-bromosuccinimide in 120 ml of carbon tetra-
1 , 80 g ot acetone, and 26 g (1 mol) of acetylene was agitated in chloride was refluxed in air for 20 hr. When filtered and cooled,

(19) M e lt in g  p o in ts  and  b o il in g  p o in ts  are  u n co rre c te d . In fra re d  s p e c tra  i. h e  f i l t r a .t ® Y^ded 2.85 g (25% ) of a yellow solid, mp 9 7 -9 9 ° .
were recorded lin e a r in  w a ve le n g th  us ing  a P e rk in -E lm e r  M o d e l 21 dev ice . KecryStaillZat]on of 1 g from 25 ml of 60 :4 0  benzehe-hexane
N m r  sp e c tra  were p ro d u ce d  on  V a ria n  A -60, H R -1 0 0 , a n d  A -5 6 /6 0  devices. (Darco) yielded 0.5 g of 13: mp 102-103° (lit.17 mp 104 .5-105°);
U v -v is ib le  spectra  were recorded on a C a ry  M o d e l 14 sp e c tro p h o to m e te r. h  (K B r) 1700 C m - 1 . This material W a s  identical with 13 in-

(20) c .  G. K re s p a n a n d  D . c . E n g la n d , j .  Org. Chem., 33, 1850 (1968). dependency prepared by a known method.
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Anal. Calcd for C8H9N S20 2: C, 44.63; H , 4 .21 ; N , 6 .51 ; sparingly soluble in tetrahydrofuran, was isolated as described 
S, 29.79. Found: C, 44.75; H, 4 .17 ; N , 6 .54; S , 30.03. for 12a. The maroon solid had mp 230-250° dec and 213-222°

N-Methyl-a-cyano-l,3-dithiolane-A2’“-thioacetamide (12a).—  dec. Recrystallization of 1.0 g of the crude product from 100
Anhydrous methylamine was bubbled through a stirred solution ml of acetonitrile yielded 0.7 g of shiny red-brown plates tenta- 
of 5.3 g (0.02 mol) of 9 in 125 ml of tetrahydrofuran until the tively assigned structure 16: mp 235-236° dec; ir (K B r) 3300
red color discharged. The precipitate was collected (3.82 g). (w), 3180 (w), 2315 (vw), 1640 (m), 1600 (w), 1560 (m), 1480
Extraction with 40 ml of distilled water left 1.63 g of yellow, (s), 1435 (m), 1362, 1285 (m ), 1245 (m), 918 (m ), 782 (m), 763
insoluble 12a, mp 218-220°. The tetrahydrofuran solution was (s), 695 (m) cm -1; nmr (CD 3SOCD3) $ 8.12 (m, 2), 7.51 (m, 3),
concentrated to give 2.6 g of 12a, mp 198-212°. Recrystalliza- 6.05 (br s, 2 ), 3.79 (q, 4, resolved only a t 100 M H z); uv-vis
tion from benzene (110 ml/g) gave yellow 12a: mp 219-221°; (CH3CN) Xmax 230 mp (e 18,750), 285 (15,100), 326 (20,200),
ir (K B r) 3300 (m), sharp, 2910 (w), 2200 (m), 1535 (m ), 1480 485 (3100).
(s), 1425 (m), 1345 (m), 1275 (m), 1245 (m), 1058 (m), 990 (w), Anal. Calcd for Ci2HuN3S3: C, 49.12; H, 3 .78 ; N, 14.32;
920 (w), 790 (w), 683 (w), cm "1; nmr (CD 3SOCD3) S 8.45 (br, S , 32.83; mol wt, 293. Found: C , 49.23; H , 3 .71 ; N , 14.27;
1), 3.72 (s, 4 ), 3.12 (d, 3, J  =  4.5 H z). S , 33 .00 ; mol w t, 283 (cryoscopic M e2SO ).

Anal. Calcd for C7H8N2S3: C , 38.84; H , 3 .73 ; N, 12.94; a-Cyano-1,3-dithiolans-A2-“-thioacetyl Fluoride (15).—A mix-
S , 44.46, mol wt, 216. Found: C, 38.76; H, 3 .92 ; N , 12.97; ture of 10.5 g (0.04 mol) of 9, 25 g (0.40 mol) of anhydrous potas-
S, 44.54; mol wt, 209 (cryoscopic, M e2SO ). sium fluoride, and 200 ml of acetonitrile was refluxed under

N-Phenyl-«-cyano-l,3-dithiolane-A2'“-thioacetamide (12b).— A nitrogen for 12 to . The solids were filtered and washed with
mixture of 5.3 g (0.02 mol) of 9, 5.5 g (0.061 mol) of aniline, and acetonitrile. The solutions were concentrated to give 6.9 g of
100 ml of tetrahydrofuran was stirred for several hours. Aniline crude 15, mp 85-101°. Sublimation at 90° (0.05 mm) gave 15:
hydrobromide (3.4 g, mp 260-280° dec) was filtered. The filtrate mp 105.5-107°; ir (K B r) 2995 (w), 2205 (m), 1775 (w), 1420 (s),
was concentrated under nitrogen to yield 5.5 g (95% ) of 12b, mp 1355 (s), 1290 (m), 1248 (m), 1155 (m ), 1120 (s), 1048 (m), 1000
153-160°. Two recrystallizations from benzene lea. 1 g/50 ml (w), 968 (w), and 825 (s) cm -1; uv-vis (CH3CN ), Xmax 219 mp
of benzene) yielded bright yellow 12b: mp 172 .5-174 .5°; uv-vis (e 9300), 241 (11,600), 260 (sh) (4750), 317 (5550), 383 (18,200). 
(CH3CN) Xmax 243 mp (e 17,250), 292 (8400), 342 (17,400), 435 Anal. Calcd for C6H4N S3F : C , 35.10; H , 1.97; N , 6 .82;
(sh) (550); ir and nmr comparable with those of 12a. F , 9 .25. Found: C , 35.16; H , 2 .04 ; N, 7 .02 ; F , 9.35.

Anal. Calcd for C12H i0N2S3: C, 51.77; H, 3 .63; N , 10.05. cis- or irons-a-Cyano-4-phenyl-l,3-dithiolaiie-A2’“-thioacetyl
Found: C, 51.93; H, 3 .47 ; N, 10.07. Bromide (17a or 17b).— This product was prepared from 3a and

N,N-Dimethyl-«-cyano-l,3-dithiolane-A2’“-thioacetamide(12c). bromocyanoacetylene as described for preparation of 9. The
— Tetrahydrofuran-soluble thioamide 12c was prepared essen- initial precipitate (60%  yield, mp 125-126° dec) was recrystal-
tially as described for the preparation of 12a and isolated in 98%  lized from 50 :5 0  hexane-benzene to give red-violet 17a or 17b:
yield as described for 12b. Recrystallization from 70 :30  benzene- mp 125-126°; ir (K B r) 3000 (w), 2205 (m), 1390 (s), 1308 (s),
hexane yielded bright yellow needles of 12c, mp 146-148°; 950 (m), 735 (m ), 695 (m), cm -1 ; nmr (CDC13) S 8.5 (s, 5),
spectra were comparable with those of 12a and 12b. 5.38 (t, 1), 3 .81-4 .05  (m, 2 ); uv-vis (CH3CN) Xmax 244 mp

Anal. Calcd for C8H10N2S3: C , 41.66; H, 4 .37; N , 12.16; (e 24,700), 265 (sh), 295 (3750), 334 (3860), 408 (20,150), 522
S , 41.75; mol wt, 230. Found: C , 41.51; H , 4 .54; N, 12.17; mp (126).
S , 41.81; mol wt, 233 (cryoscopic, M e2SO ). Anal. Calcd for Ci2H 8N SsB r: C , 42.10; H , 2 .36 ; N , 4 .09 ;

Independent Synthesis of 12b from 10.— 10 (4.7 g, 0.025 mol) B r, 23.35; S , 28.11; mol wt, 342. Found: C, 42.16; H, 2 .21 ;
was treated with excess thionyl chloride at reflux for 2 hr. After N, 3 .85; B r, 23.32; S , 28.20; mol wt, 347 (freezing point,
removal of volatiles, the crude acid chloride was treated with C6H i).
dimethylamine in tetrahydrofuran. The amide was isolated as cis- o r  irons-0-Ethyl-a-cyano-4-phenyl-l,3-dithiolane-A >“-thio-
described above for 12b. Recrystallization from 60 :4 0  hexane- acetate/—A slurry of 1.0 g (2.9 mol) of 17a or 17b in 30 ml of
benzene gave N,N-dimethyl-a-cyano-l,3-dithiolane-A2'“-aceta- ethanol was stirred overnight at 25° to give 0.6 g (60% ) of the
mide, mp 6 9 -7 0 °. thiono ester: mp 133-134° without purification; ir (K B r)

Anal. Calcd for C8H10N2OS2: C , 44.85; H, 4 .71; N , 13.07. 3000 (w), 2202 (m), 1455 (s), 1305 (s), 1240 (s), 1108 (m), 1035
Found: C , 44.80; H, 4 .45 ; N, 12.95. (m), 970 (m), 768 (m), 695 (m), cm >; nmr (CDC13) S 8.42,

A mixture of 1.0 g (0.0047 mol) of this amide, 0.9 g (0.004 (br, s, 5), 5.18 (t, 1, J  =  8.5 H z), 4.57 (q, 4, J  =  7 H z), uv—vis
mol) of phosphorus pentasulfide, and 25 ml of xylene was (CH3CN) Xmax 247 mp (e 16,300), 30o (5500), 363 (19,000).
heated on a steam bath for 4 hr. The xylene solution was Anal. Calcd for C i4H i3NOS3: C , 54.66; H , 4 .26; N, 4 .56;
decanted, and the oily residue was extracted with hot xylene. S , 31.28. Found: C , 54.82; H, 3 .94 ; N , 4 .51 ; S , 31.64.
The xylene solution and extract were concentrated under nitrogen 
to yield 0.5 g of a yellow-orange solid, mp 60-140°. Crystal
lization from 50 :5 0  hexane-benzene gave 0.025 g (25% ) of
bright yellow 12c, mp 144 .5-146 .5°. The mixture melting . . 1 _ , i c n n c  c o  o .
point with 12c obtained from 9 and dimethylamine was 144 .5- Registry No. 2a, 7396-41-0; 2b, 16005-62-2, 2c, 
146.5°. Ir  spectra were identical. 24058-51-3; 9, 24058-52-4; 10, 2080-63-9; 11a,

N,N-Diethyl-a-cyano-1,3-dithiolane-A2'“-thioacetamide (12d). 24058-54-6; l ib , 24058-55-7; 12a, 24058-56-8; 12b,
- T h i s  thioamide, mp 6 5-69°, was prepared essentially as de- 24118-55-6; 12c, 24058-57-9; 12d, 24058-58-0; 15,
scribed for 12b. Recrystallization of 2 .0  g from 100 ml of 5 0 :oO a e«  7 . 1 * 9 4 0 5 8  5Q 1 • 17» 9 4 0 5 8 -3 4 -2 -  17b
ether-benzene (Darco treatm ent) yielded 0.6 g of an analytical 24118-56-7, 16 24058-59-1, 17a, 2 4 0 5 8  3 4  2 17D,
sample, mp 66 -6 8 °. Spectra were comparable with those of 24058-35-3; N, N -  dimethyl - cl- cyano-l,o-dltniOlane-
12a-c. A2,“-acetamide, 24058-60-4; ciS-O-ethyl-a-cyano-4-phe-

Anal. Calcd for C ioHuN2S3: C , 46 .47 ; H , 5 .46 ; N , 10.84. nyl-l,3-dithiolane-A2’“-thioacetate, 24058-36-4; trans-
Found: C , 46.33; H , 5 .40 ; N , 10.91. O-ethyl-a-cyano-4-phenyl-l,3-dithiolane-A2-“ -thioace-

Reaction of 9 with Phenylhydrazme.— The reaction was p J  . , o i u m
effected as described for preparation of 12b, and the product, tate, 24058-37-5; bromocyanoacetylene, 3114-46-3.
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Nucleophilic Substitution a t Dicoordinated Sulfur.
Effect of th e Leaving Group on th e Reaction between 

Triphenylm ethyl Sulfenyl Derivatives and n-Butylam ine
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The rates of reaction between trityl sulfenyl chloride, bromide, iodide, thiocyanate, and n-butylamine have 
been measured in benzene and in benzene-ethanol (1 :1  ) a t 25° by a spectrophotometric technique. In  solvent 
benzene, for all substrates the rate depends on the square of the amine concentration, while in benzene-ethanol 
the reactions are first order in amine. The change in leaving group does not cause large variations in the reac
tion rates. The relative rates for nucleophilic displacement at dicoordinated sulfur with I, SCN, Br, and Cl, re
spectively, as leaving groups are the following: (a) in benzene, 1, 3, 190, and 140; (b) in benzene-ethanol, 1, 2.2,
191, and 400. Such an order of relative rates is discussed in terms of sulfur d-orbital participation in the transition 
state.

The question of d-orbital participation in nucleo- formed through the use of sulfur d orbitals, we could 
philic substitution at sulfenyl sulfur was discussed by not rule out an ion-pair intermediate (II). We felt
Parker and Kharasch in 1959.1 Since then only a few that a more conclusive answer about which of the two
articles have appeared dealing with the same subject. intermediates is formed and about the general problem
The view originally expressed by Fava and Iliceto2 that of d-orbital participation in nucleophilic substitution
there is little if any d-orbital participation to the tran- at divalent sulfur could be offered by a study of the
sition state is supported by more recent papers3 and leaving group effect on reaction 1 since such an effect
by some unpublished data.4 However, evidence for is related to the amount of bond breaking at the transi
tile formation of pentacoordinate sulfur compounds as tion state,
intermediates in organic reactions has been reported by
K w art3a for the chlorination of sulfenyl chlorides and Results
by Trosff in the reaction of sulfonium salts with The rateg of reaction of triphenylmethyl sulfenyl
organohthium compounds bromide, RSBr, triphenylmethyl sulfenyl iodide, RSI,

In a recent paper7 we have already taken up this and tri henylmethyl suIfenyl thiocyanate, RSSCN,
problem by studying the reaction between triphenyl- with B uN h 2 w  been measured in benZene at 25°.
methyl sulfenyl chloride (ESCI) and n-butylamine In all cases the sulfenamide and the corresponding n-
(BuNH2) to form Is-(n-butyl)- riphenylmethyl sul- butyiammonium saIt were formed (eq 1) in quantitative
fenamide jR SN H B u) and n-butylamine hydrochloride yield The data are collected in Table L  The general

’ '■  behavior of these substrates is very similar to that
R S X  + 2BuNH2 — >■  RSN H Bu +  BuN H 3X  (1) already found for RSC1.7 The pseudo-second-order

In benzene the reaction is cleanly second order in rate coefficient k2 = fc'/[BuNH2], where ¥  is the
amine while in the presence of several additives a term pseudo-first-order rate coefficient, varies linearly with
which is first order in amine is also important and in the amme concentration (eq 3) and vanishes at zero
some cases predominates. Consideration of the effect = /.;3[BuNH2] (3)
of the additives led to the conclusion that the reaction
is subject to general base catalysis. A  two-step mech- amine concentration, as shown in Figure 1. Thus for 
anism (2a,b), where hydrogen abstraction occurs after all substrates in benzene the reaction is second order in 
formation of an intermediate, has been postulated. amine. Since the salt formed in the reaction is a good
Although we were inclined to consider more likely catalyst, at low amine concentration autocatalysis was
the formation of a pentacovalent intermediate (I), observed; thus initial rates have been measured. As

in the concentration of amine is increased, the catalytic
R S X  +  BuN H 2 intermediate (2a) effect of the salt becomes negligible and the pseudo-

first-order plots appear to be linear within experimental 
intermediate — >■  products (2b) error. This phenomenon has been considered in detail
R R iQ the preceding paper7 for RSC1 and we shall not dis-
l_ + /  cuss it further. The close similarity of behavior be-

X RNH2 S  X tween RSC1 and the substrates considered in this paper
•y is also shown by their response to additions of salts,
I  II polar solvents, or tertiary amines.8 It is this similarity

(1) A . J . P a rk e r a n d  N. K h a ra sch , chem. Rev.. 69,5 8 3  ( 1 9 5 9 ) .  between the various substrates, which implies an iden-
(2) a . F a v a  a n d  a . i i ic e to ,  j . Amer. chem. Soc., so, 3478 (1958). t i t y  o f  m e c h a n i s m  u n d e r  v a r i o u s  e x p e r i m e n t a l  c o n d i -

(3) (a) E . N .  G ivens  a n d  H . K w a r t. ibid 90  378, 3 8 6 Ì (1968) ; (b ) J . L . t Ì 0 n S ,  w h i Ch  w i H  a H 0 W  u s  t o  d r a w  m e a n i n g f u l  C O n c f f i -
K ic e  a n d  J. M .  A n derson , J. Org. Chem., 33, 3331 (1968); (c) C . B ro w n  . \  b
and  D .  R . H o g g , Chem. Commuti., 38 (1967). S IO H S  I r O H l  t i l G i r  r G l8 / t ÌV G  r8 X C S  O I rG R C u lO H .

(4) (a) A . C eccon a n d  A . F a va , u n p u b lis h e d  d a ta  c ite d  in  re f 3b  a n d  5 ; As Seen for RSC1,7 One of the important Consequences
(b ) L . S enatore, E . C iu ffa r in ,  a n d  A . F a va , J. Amer. Chem. Soc., in  press. f  . v  n r p s .p n p p  0 f  a d d i t i v p s :  i q  t h a t  i n  t b p i r  n r p q p n p p  t h e

(5) E . C iu ffa r in  a n d  A . F a va , Progr. Phys. Org. Chem., 6, 81 (1968). 0 1  t i l e  PreSenCe 0 1  & U C ll t lV e S  IS  t n a t  i n  t n e i r  p r e s e n c e  t n e

(6) b . m . T ro s t,  R . L a R o ch e iie , a ud  r . c. A tk in s ,  j . Amer. chem. Soc., 9 i ,  second-order rate constant, fc2, still varies linearly with
2175 (1969).

(7) E . C iu ffa r in  and  G . G u a ra ld i, ibid., 91, 1745 (1969). (8 ) E . C iu ffa r in  a nd  G. G u a ra ld i, u n p u b lis h e d  resu lts .
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T a ble  I  ¡BuNH^] *  102 m

K in etic  D ata fo b  the R eaction betw een

R S X  and B uNH2 in B enzene at 25° ______ j______2  3  j  5
[B u N H s ] x *2 x io> .

R S X “  102 M  k' X  10* sec-1 .W"> s e c '»  P

X  =  B r 0 .256  0.26* 10 .1  /
0 .5 0 8  1 .1* 22 /
0 .5 6 6  1 .1 * .' 20 /
0 .9 6 8  3 .6 * 37 1 5 »  /  -3 Q
1 .0 0  3 .7* 37 /
1.13  4 .3 * .' 38 /  °
2 .2 6  18' 79 -t—Y
2 .31  19 82 /
2 .5 6  26 100 /
4 .2 9  59 140 /
5 .0 8  91 180 . g _  □ /  /  - 2 0

X  =  I  4.52«* 0.44*-«* 0 .9 8  7 /  /
5 .0 8  < 0 .4 8 * .' < 0 .9 5  S J  /  S
5.08 0.41* 0.81 M /  A
6.71 0.63* 0.94 2 f  A  * g
9.05 1.7*'«* 1.9 o /  /  i  "o

1 0 .0  1 .9* 1 .9  /  /  *
16 .6  5 .6 *  3 .4  J  c .  / /  .  . n  J
1 8 .1 * 5.7*.«* 3 .1  5  / /  U
19 .4  5 .8  3 .0  J i  /  o ^
3 2 .7  24 7 .3  7 / 6

X  = SON 5 .0 8  1 .3  2 .6  / /
1 3 .2  8 .6* 6 .5  Ty  1
3 3 .1  61 18 ¿ A

“ The concentration of the substrate ranged between 1 and 2 X  i_______, ,_______I_______ ,
10~4 M. * Initial rate. '  In  the presence of 73 mg/1. of decom- 1 2  3  4  5
position products (see Results). «* In  the presence of 79 mg/1.
of decomposition products (see Results). '  [RSI] = 2.9 X  [BuN H ] * 10 M
10~2 M; followed by titration with iodate (see Experimental L ®
Section). Figure 1.—Plots of the second-order rate constant for the

reaction of n-BuN H 2 with R S X  in benzene at 25° vs. the amine 
the amine concentration but a term which is first-order concentration: □ =  R SB r, V = RSSCN , o  = R S I, ■  = R SB r
in amine emerges (eq 4). The form of eq 4 shows that in the presence of decomposition products, •  = R S I in the

. presence of decomposition products.
h  =  h  +  Ay[BuNH2] j (4)

the effect of the leaving group cannot be drawn directly Table II
r • ( j  j  Kinetic Data for the Reaction betweenfrom a comparison of the second-order rate constant, T. T. „  0 ,;0, , . , . , . 1  , , RSX AND BuNH2 in 50% Benzene-E thanol at 25°
k 2, which is not independent of the amine concentration. [bunh2] x
The effect of the leaving group can be measured on k0 RSX<* io= m v x 10« sec-* u. ju-> seo-i
and/or k3 which are both independent of the amine X  = Cl 2 76 190 6 .9
concentration. The data in benzene are perfectly 4 .3 2  290 6 .7
suited to measure the effect of the leaving group on fc3 2.58* 180 7 .0
since in such a solvent eq 3 applies. To determine the X  = B r 2 .7 6  91 3 .3
leaving-group effect on k0 a solvent medium has to be 5 .6 6 ' 180 3 .2
found where the third-order term (yfc3, [BuNH2]) is x  = 144 0 56 0.039
negligible and thus ki = k0. A  suitable solvent is a £ -jp o'038
50% benzene-alcohol mixture,9 where fc2 is in fact in- X  = I  27 6 4 7 0 017
dependent of the amine concentration. The data are 45 2d 7 7 0 017

collected in Table II. “ The substrates’ concentration ranged between 1 and 2 X
Although ethyl alcohol reacts with sulfenyl halides, i o - 4 M . * W ith added E t3N, 3.36 X  10~2 M . ' In  the presence

experiments showed that the reaction is very much of 70 mg/1. of decomposition products (see Results). dIn  the
slower than that which occurs upon further addition of presence of 85 mg/1. of decomposition products (see Results).
B uN H 2. Moreover, the only product recovered in
quantitative yield from the sulfenyl derivatives (0.2 M) butylamine is sufficient to cause fast reaction. Thus,
and B uN H 2 (0.4 M) in 50% benzene-ethanol was the addition of ethyl alcohol does affect the reaction rate
sulfenamide. Although product identification could without changing the products. The rates and their
not be performed under the highly diluted kinetic con- relative values in pure benzene and in 50% benzene-
ditions, the possibility of ethanolysis in the kinetic runs ethanol are summarized in Table III.
ivas excluded on mechanistic grounds. Ethanolysis Owing to their thermal lability RSBr and RSI could 
is in fact very slow also in the presence of a large excess not be thoroughly purified and their elemental analysis
of triethylamine (3.36 X 10“ 2 M), while 2.58 X 10“ 3 M was less than satisfactory. A  purity of 96% could be

approximately assessed for the two products. One
(9) I n  p u re  e th y l a lco h o l th e  re a c tio n  is  to o  fa s t to  be m easured w ith  c c m l d  a r g u e  t h a t  t h e  p r e s e n c e  o f  i m p u r i t i e s  m i g h t  a f f e c t

s ta n d a rd  te ch n iq u e s  fo r  RSC1 a n d  R S B r. . , ,  ,  . i  , 1  • •
(10) L. G o o d m a n  a nd  N. K h a ra sch , J. Amer. Chem. Soc., 77, 654i (1955). in some way the kinetics and thus impair the results
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T able III Although to our knowledge no bond dissociation
Summary of the L eaving-G roup E ffect  in energies for the S -X  bond of sulfenyl derivatives are

B enzene and 50% B enzene- E thanol available, data from organic and inorganic halides and
Benzene, , - 5 0 %  b e n z e n e -e th a n o i-^  sulfides21 allow us to reasonably assess the following 

„  , , relative kt, m~' Relative order of decreasing bond strength: S -C l ~  S-SC N  >
X  hi, see-1 ra te s  sec-1 ra te s  ~  T

C 1 2  0a X40 6 8C 400  ̂ ^  4»
Br 3 ' 66 190  3' 2 5c 1Q1 Were bond breaking important in nucleophilic dis-
SCN 0576 3 0 '038c 2 .2  placement at divalent sulfur, we would expect the
I 0196 l 0.017 1 mobility of the leaving group to follow the order I >

“ From ref 7 . 6 Calculated from the slope of Figure 1 . “Aver- Br >  SC N  —  Cl. This order does not resemble the
age value. leaving group mobilities summarized in Table III.

Chlorine is in fact at least 100 times more easily dis
and the mechanistic conclusions resting on them. placed than iodine; i.e., the substrate with the weaker
Hence, a number of experiments has been performed in S -X  bond reacts more slowly. Thus we do not expect
the presence of a relatively large amount (about the appreciable S -X  bond fission at the transition state,
same weight of the substrate) of their own decomposi- In order to explain the second order in amine found 
tion products (see Experimental Section). The data in benzene, the mechanism involving the intermediate
thus obtained are identical within experimental error (eq 2 ) seems the most likely explanation.7 The present
with those found without addition of decomposition results rule out an attack by an amine dimer even
products. though such a possibility is sometimes offered as an

explanation of the order 2 in amine. 22 A  one-step 
Discussion nucleophilic displacement by an amine dimer would

The effect of the leaving group on the rate of reaction f  fa?  ass™ e appreciable S -X  bond fission at the
has long been recognized as a useful criterion for dis- transition state and iodine should be much more easily
tinguishing whether or not bond breaking has made dlSPlaced , haa chlormve.'1,  0l\ the same f ounds can
significant progress in the transition sta te ."-»  If the also e*clude the P ° f  b d i y  ° f an ^ a t u m  mechanism
leaving group is still almost fully bonded in the transi- f a sulfemum ions (eq 5) which have been postulated
tion state, its electronegativity is the most important for many reactl0ns of sulfenyl derivatives. 22

factor regulating the reactivity of the substrate; 11,14 assisted

on the contrary, when bond breaking is important, additives b
basicity of the leaving group and strength of the bond ■ *— — RS+ + x ~ Pr°ducts (5)
which is broken are responsible for the mobility of the Steady-state treatment of eq 2  gives
group to be displaced, 16,16 bond strength being the more
important factor. h = (6-

Examples of reactions occurring with or without _1 B
significant bond breaking in the transition state are where is the observed second-order rate coefficient, 
well known for substitution at aliphatic, aromatic, or If we assume that in benzene k- 1  »  fcB[B], eq 6

carbonyl carbon. When bond breaking is important, simplifies to
the halogen mobility follows the order I >  Br >  Cl with
a B r/Cl ratio of about 400.17 On the contrary, when fa = 1̂  (7)
bond breaking is unimportant, the difference in mo-
bility is usually small12,18 and mostly in the reverse which is equivalent to the observed rate expression 
order. (eq 3). On the other hand in 50% benzene-ethanol

The effect of the leaving group has also been measured overall second-order kinetics is observed which is con- 
in nucleophilic substitutions at silicon19 and sulfur. 415,20 sistent with the suggested mechanism, if in that medium
However, the difference in leaving group was obtained kn [B ] > k-,. This is reasonable in view of the consid-
by a para substitution while maintaining constant the eration that the solvent itself may operate as the base.7

element displaced. Clearly in such cases the mobility Thus in 50% benzene-ethanol h  measures the rate of
of the leaving group parallels its basicity. formation of the intermediate (eq 8).

This is the first example of a study of the leaving _
group effect on sulfur obtained by a change of the 2 - 1  ( )
displaced element. Table III shows that the relative mobility in 50%

(11) J. F . B u n n e t t,  E. W. G a rb is h , J r.,  a n d  K .  M .  P r u i t t ,  J. Amer. Chem. benzene-ethanol is Cl > Br >  SCN  >  I. This Order
Soc., 79 ,385 (1957). parallels nicely the order of decreasing electronegativity

(12) d. n. Kevin and f . k . Wang, chem. Commun., 1178 (1967). of gr0up to be displaced. It seems that the major
(14) h . S u h r, Chem, Ber., 9 7 ,3 2 6 8  (1964). e n e c t  o f  t h e  l e a v i n g  g r o u p  i s  t h a t  o f  c r e a t i n g  a  p o s i -

(15) J . H in e , “ P h y s ic a l O rg a n ic  C h e m is try ,”  M c G r a w - H il l  B o o k  C o ., . t i v e  c h a r g e  O n  t h e  r e a c t i o n  C e n t e r  f a c i l i t a t i n g  t h e  r a t e

T”.196\ pp !8®",39̂ . n. , of formation of the intermediate without extensive bond(16) A. b tre itw ie s e r, J r .,  ‘S o lv o ly tic  D is p la c e m e n t R e a ctio n s , M c G ra w -  . , . * . . . . . .  i n i -
H i l l  B o o k  C o ., N e w  Y o rk ,  n . ¥ . ,  1 9 6 2 , p  2 9 . b r e a k i n g .  A  v e r y  s i m i l a r  s i t u a t i o n  c a n  b e  f o u n d  i n

G 7 ) (a) d . n . K e v in ,  g . a . Coppens, a n d  n . h . C ro m w e ll,  j . Amer. a r o m a t i c  n u c l e o p h i l i c  s u b s t i t u t i o n s  w h e r e  t h e  s e c o n d
Chem. Soc., 85, 1553 (1964); (b ) Y .  P o cke r a n d  D . N .  K e v i l l ,  ibid., 87, 4760
(1 9 6 5 ); (c) A . Y .  P a rk e r, J. Chem. Soc., 1328 (1961). (21) T .  L .  C o tt re ll,  “ T h e  S tre n g th  o f C h e m ic a l B o n d s ,”  B u tte rw o r th s ,

(18) J . F . B u n n e t t  a n d  C . B e rna scon i, J. Amer. Chem. Soc., 87, 5209 L o n d o n , 1954.
(1965). (22) (a) F . M .  M e n g e r, J. Amer. Chem. Soc.,.88, 3081 (19 6 6 ); (b ) R . F .

(19) L .  H .  Som m er, “ S te re o ch e m is try , M e c h a n is m  a nd  S il ic o n ,”  M c G ra w -  H u d s o n  a nd  I .  S te lzer, J. Chem. Soc., B, 775 (1966).
H i l l  B o o k  C o ., N e w  Y o rk ,  N .  Y . ,  1965, p  146. (23) N . K h a ra s c h , “ O rg a n ic  S u lfu r  C o m p o u n d s ,”  V o l. 1, P e rg a m o n  Press,

(20) J . L .  K ic e  and  G . G u a ra ld i, J. Org. Chem., 31, 3568 (1966). O x fo rd , 1961, p p  375 -39 6 .
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step of the intermediate complex mechanism11'18 is not 1 hr-27 The mixture is filtered and, after evaporation of the
rate determining. In these cases the maximum varia- solvent in a rotary evaporator at room temperature, 0.9 g of

• £ c x ia a  ir crude RSBr is obtained. The crude bromide is dissolved in
tio n  for different le av in g  grou ps goes fro m  5 to  1 0 0 .» .»  benzene, dried over anhydrous sodium sulfate> and filtered; the

I n  b enzene a  sim ilar o rd e r of r e a c tiv ity  o b ta in s  ev en  solution is concentrated in a rotary evaporator. Upon addition
th ou gh  th e  com p ariso n  in volv es th ird -o rd e r ra te  coef- of petroleum ether (bp 4 0-60°) a precipitate obtains which is
iicien ts  re su ltin g  from  a  co m b in atio n  of no less th a n  further recrystallized from benzene-petroleum ether, yield 50% ,
th re e  r a te  co n sta n ts , h  =  k j c s / k - t  (eq  7 ) .  T h is  m a y  foraf ge c,T stids w} ich  sl™ ly decf m? ose at ro?m temperature or
i , 1 , . i , i j xi £ \ , iv  ,i , faster upon heating. The product can be kept for extended
be ta k e n  to  im p ly th a t  th e  fa c to r  con tro llin g  th e  re la tiv e  periods at temperatures below 0 °.
rate is again the formation of the intermediate. A n al. Calcd for C,9Hl5SBr: C, 64.25; H, 4 .22 ; S, 9 .04;

Since in both solvent media bond breaking seems B r, 22.5. Found: C ,6 3 .3 ; H ,4 .3 ; S ,9 .8 ;  B r, 22.4. 
unlikely to occur to an appreciable extent, the only way Triphenylmethyl Sulfenyl Iodide.— A suspension of 400 mg

to account for this is to assume that sulfur expands its with 550 mg of N J  in 5 ml of aoet0nitrile. The mixture is
valence shell and that the leaving group is still almost washed twice with water, once with 10 ml of 0.05 A  thiosulfate,
fully bonded in the transition state. In benzene- and three times with water. After the ethereal layer cools to
ethanol, once the transition state is passed, formation of about —80° a precipitate is obtained which is filtered off at —80°.
products is very fast and no intermediate can be The precipitate is washed twice with cold petroleum ether and
F . , .  . .  t i_ i . , dried with a current of dry air. The apparatus used m the
kmetically detected. In benzene, where hydrogen preparation must be rapidly disassembled and the product used
abstraction is the slow step, an intermediate is formed. up within a few minutes since at room temperature deeomposi-
This intermediate could either be an ion pair (II) or a tion is complete in about 30 min, yield 40% , deep orange powder,
complex where both entering and leaving groups are The Pro(iuct can be kept for extended periods under nitrogen in
i i i ,  , i ± if /t\ mu f , • sealed vials at Dry Ice temperature. In the 5 -6  min necessary
bonded to a pentacovalent sulfur (I) The formation t0 disassemble thye apparat‘ ls used in the preparation and to
of an ion pair has been suggested by Kharasch and make up a solution, no decomposition occurs (the product is
Goodman10 in the base-catalyzed methanolysis of sul- probably still cold). However, as soon as decomposition starts
fenyl halides and by Savige and Fava24 in the base- with liberation of iodine, it progresses very rapidly. In solution
c a ta ly z e d  ra ce m iz a tio n  of th iolsu lfin ates. Pr,oduct is ™ c h  more stable even at room temperature in

Alj, . . , . „ .. « . the absence of light. Ih e  presence of iodine catalyzes the
A lth o u g h  w e c a n n o t ru le  o u t th e  fo rm a tio n  of an  ion decomposition.

pair, we prefer the pentacovalent complex since the A nal. Calcd for Ci9HIESI: S, 7 .97; I , 31.55. Found:
very labile intermediate is likely to be very close in S, 8.58; 1,30.28
energy and structure26 to the pentacovalent transition ,T}ie decomposed product consists mostly of iodine, sulfur, and

s ta te  from  w h ich  i t  w ould differ o n ly  slig h tly  in  bon d  anJ ygis of the dec0mposition29 shows that the products initially
len gth s. I t s  g e o m e try  is likely to  be a  trig o n a l b i- formed are probably iodine and disulfide.
pyramid with the two electron pairs in radial position, Anal, (of a decomposed sample). Calcd for C19H15SI: C,
as the most electropositive substituents, and with the 56.7 ; H > 3.73; ^S, 7 .97 ; I , 31.55. Found: C, 57 .6 ; H, 3 .8 ;
amino and leaving groups in the apical positions as the S’5 'f57 I ’ 0̂,3% , „  , „ . .  . . . , „, °  v  *  Triphenylmethyl Sulfenyl Thiocyanate.—A suspension of 0.453
more electronegative ligands (1). g 0f R gQi and o.3 g of NaSCN in 25 ml of acetone is stirred for

Very recently Kice and Anderson315 have taken a about 30 min. The mixture is filtered and evaporated in a
position against d-orbital participation in nucleophilic rotary evaporator. An oil is obtained which yields white
substitutions at sulfur. They support their view with crystals upon addition of petroleum ether. The product is

other reported data.— besides their own. Although ^  * '* "  " "
we also tend to believe415 that m many instances there is A naL  Calcd for C20H i5S2N : C, 72.03; H , 4 .53 ; S, 19.22;
no d-orbital participation, we would like to add a word N, 4 .20 . Found: C, 72.1; H, 4 .5 ; S, 19.1; N, 4 .25. 
of caution against generalizations. Even silicon, Kinetics.— Kinetic measurements were carried out by the
which is usually presented as an element which can general technique descrilded eariieri at the following wavelengths

„  i . , , for RSSCN, RSC1, RSBr, and RSI, respectively: 280, 280,
easily  exp a n d  its  v a le n ce  shell, does n o t alw ays do so. 380j and 440 mjU A gingle run with RSI (2 .9 x  1 0 - 2 M ) was
There are data38"6 besides those presented in this paper followed by titration with 0.01 N iodate of the iodide formed
that are certainly in favor of d-orbital participation. in the reaction and extracted with water from the benzene
It might be the case that different charge distributions solution. At such a high concentration of substrate autocatalysis
in the transition state could bring about structurally ™  strong that the imtial rate could not be measured accu‘
different transition states. As a matter of fact while while RSC1 and RSSCN could be thoroughly purified, RSBr 
d-orbital participation can be safely excluded with gives only a fair analysis and RSI has a purity of about 96% .
negatively charged nucleophiles, evidence in favor of However, the concentration of the substrates was never higher
d-orbital participation has been obtained when neutral V -  f  f a m i n e  and thus a small per cent impurity

. f  , *  , should not change the kinetics. Although the most likely lm-
reagents have been used. purities are sulfur, trityl disulfide, and sulfide, which are not

likely to affect the kinetics, several runs were followed in the 
_ . , , c  ,. presence of decomposition products.
Kxperimental section rpbe dec0mPosition products of RSBr have been obtained

Materials.— Preparation and/or purification of benzene, n- bom  a sample of the product which had been left for about a
butylamine, triphenylmethyl sulfenyl chloride, and N-(n- week at room temperature. The orange crystals yielded a
butyl)triphenylmethylsulfenamide have been already described.7 yellow powder. . __ , ,
Reagent grade absolute ethanol was used without further puri- The decomposition products of RSI were prepared from a
fication sample of the product left at room temperature for about 2 hr.

Triphenylmethyl Sulfenyl Bromide . - A  suspension of 1 g of The mixture, by analogy with the preparation of R SI, was dis- 
RSC1 and 0.7 g of N aBr in acetone is vigorously stirred for about -------------------
---------------------  (27) A check of the rate of reaction in similar experimental conditions but

(24) W. E . Savige and A. Fava, Chem. Commun., 417 (196E). in homogeneous phase shows that the reaction is over in less than 10 sec.
(25) G. S. Hammond, J .  Amer. Chem. Soc., 77, 334 (1955). (28) By titration with iodate after reaction with excess butylamine.
(26) F . A. Cotton and G. Wilkinson, “Advanced Inorganic Chemistry," (29) Unpublished data by M. Tentori, E . Ciuffarin, and A. Fava.

Interscience Publishers, Inc., New York, N. Y ., 1967, p 402. (30) By titration with thiosulfate.
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solved in petroleum ether and freed from iodine by washing stirring. The mixture was washed three times with 1 N  HC1 and
once with 0.05 N  thiosulfate and twice with water. The solvent three times with water and dried over anhydrous sodium sulfate,
was then stripped at room temperature with a rotary evaporator. The solution was filtered and the solvent stripped in a rotary

Although RSI and to a lesser degree RSBr are thermally un- evaporator. In order to remove all traces of benzene, about 19
stable, in solution and in the absence of light they can be kept ml of petroleum ether was added and evaporated as before.
1 day or more at room temperature without any detectable de- The weight of the oil thus obtained was within 95 and 102%
composition. The uv spectrum is a very good probe for de- of the stoichiometric yield in sulfenamide. Moreover, the ir
composition since in each case the spectrum of the decomposed spectrum of the oil was identical with that of an authentic sarr_-
product is quite different from that of the starting material. pie. After recrystallization from petroleum ether7 yields of
The stability depends on the concentration. For example, pure, crystalline product ranging from 75 to 85%  were obtained,
solutions 10-2 M  of RSI are stable for about 24 hr in the dark . _ . . ,
before decomposition starts. At the concentrations used in Registry No. butylamine, 109-73-9, tn ty l sulfenyl 
this paper (1-2  x  10~4 M ) the solutions are stable 1 week or chloride, 24165-03-5; trityl sulfenyl bromide, 24165-
more and the limited exposure to light in the spectrophotometer 04-6; trityl sulfenyl iodide, 24215-85-8; trityl sulfenyl
is not sufficient to initiate the decomposition. Solutions of thiocyanate 24165-05-7
RSBr present an even greater stability. ^ ’

Products. N-(ra-Butyl)triphenylmethylsulfenamide is the Acknowledgment.— This investigation was supported

» r c %  R ° me’ N °- 69 01531
in 20 ml of benzene, n-butylamine was added (5%  excess) while 115.-3357 .0 .

The Synthesis of cis-Pulegol and Its Allylomerization Products,
3-p-M en then-8-ol and 3-p-M enthen-8-v 1 Ethers

E. H. E schinasi

Oivaudan Corporation, Clifton, New Jersey  07014 
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( — )-a's-Pulegol (6) allylomerizes readily to ( +  )-3-p-menthen-8-ol (5), n20D 1.4750, a^D + 8 0 ° , under mildly 
acidic conditions. In the presence of alcohols, 3-p-menthen-8-yl ethers (4) are also formed, while, in the presence 
of aluminum isopropoxide (AIP), at temperatures above 100°, both 5 and 6 dehydrate, affording a mixture of 3,8- 
p-menthadiene (2) and 2,4(8)-p-menthadiene (3), a fact that may account for the failure of previous workers to 
isolate pulegols from pulegone (1) by a Meerwein-Pondorff-Verley reduction. irans-Pulegol (6a), because of its 
greater instability, could not be detected from reduction products of 1 under kinetically or thermally controlled 
conditions.

In the course of an investigation on the nature of i I I I
some alcohols related to pulegols, we reviewed the pos- r i | ]
sible synthetic routes for c is -  and /rans-pulegol (6 and I 1. 1 J I \ L J
6a). The A IP  reduction of ( + ) -pulegone (1) at 120- JL j S 1
170° according to Short and Read1 yielded, instead
of the desired alcohols, mainly 3,8-and 2,4(8) p-menth- 1 2 3 4,R = Ip
adiene (2 and 3) and minute amounts (5%) of an (23.5%) (12.5%) (8.5%) (6%)
alcohol to which they assigned the structure of neo- i I I
isopulegol.

Lithium aluminum hydride reduction of (+ )- I I  1 1 ^  1 1 ^
pulegone (1) proceeded smoothly and yielded ( - ) - c i s -  OH j| '®H OR
pulegol (6), mp 35.5, a 25n —80°, in over 99% yield. X X
Similar results were reported by Porsch, et a l . , 2 with 5 6a 6
N aBH 4. However, in an attempt to synthesize ir a n s -  (28%) (0%) (21%)
pulegol (6a) by treating excess triisobutylaluminum
(TIBAL) with (-f)-pulegone (1), under conditions3 An extension of the reaction time, to complete the 
reported to favor kinetically controlled backside attack conversion of the unreacted pulegone (1), resulted only
leading to an axial OH, we obtained none of the ex- hi larger amounts of 2 and 3 being formed. Unreacted
pected irans-pulegol (6a) but, instead, (-)-m -pu legol pulegone (1), which made the separation of 3-p-menthen-
(6), in over 85% yield, together with a small amount 8-ol (5) very difficult, was easily converted into c is -
(8-10%) of its allylomer, (+)-3-p-menthen-8-ol (5). pulegol (6) by reduction with LiAlH 4. If, on the other
When we carried out the reduction of 1, in isopropyl hand, the unreacted pulegone (1) was oximated, with a
alcohol (IPA) in the presence of 0.5-1 equiv of A IP  at mixture of N H 2OH • HC1, and sodium acetate in aqueous
85° for 4-5 hr, we obtained the following reaction mix- ethanol (pH 6.5), most of the cfs-pulegol (6) was
ture (vpc by order of elution on 20M y 8-in. column at
2 0 0 ° ) .  I I |

L  3*. r  j  r  j
(1) A. G. Short and J .  Read, J .  Chem. Soc. 1306 (1939); see also Read and H20, EtOH Ŝ Ŝ T !T ?

Grubb, ibid . 242 (1934). II L - 'U il
(2) F . Porsch, H. Farnow, and H, Winkler, Dragoco Rept., 4, 75 (1964). ^
(3) H. Haubenstock and E . G. Davidson, J .  Org. Chem., 28, 2772 (1963). 6  5  4
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allylomerized into 3-p-menthen-8-ol (5) and 3-p- by a second cut of pulegone oxime, 13 g, bp 125-135° (2 mm),
menthen-8-yl ethyl ether (4 , R  =  Et). The facile n20n 1.5050.
ally lo m erizatio n  of cts-p ulegol (6 ) to  5  could  also be » N ester-Faust Distillation.— Both reaction products from

•• i . ,T . A and B were distilled through a N ester-Faust Teflon SDmnine--
earned out, almost quantitatively, in the presence of band column at a reflux ratio of 200:1 and the following pure
2 U /0 acetic acid at 7 0  With little dehydration to 2 and products were isolated and their structures were confirmed by
3 . nmr and ir spectra.

The identity of cts-pulegol (6 ) was proven both by (+)-3-p-Menthen-8-ol (5): bp 104° (15 mm); n20D 1.4750;
h v d ro a e n a tio n  in th e  n resencp  nf P H -P  tn  rnen+hrd “  D + 80 ; nmr (Varian A-60A instrument with TM S as inter-n y a ro g e n a tio n , in  th e  p resen ce  of P d  L ,  to  m en th ol nal standard) in deuterated DMSO showed s 4.24 (s) for a
and b y its nmr spectrum. tertiary OH p roton/ 5 .61-5 .86  (broad absorption, 1, vinylic),

1  he structure of 3-p-menthen-8-ol (5) was established 1.22-2.41 (m, 14, with gem dimethyl), 1.31 (s), 0.97 (d, J =
b y its  n m r sp e ctru m  an d  b y  its  h y d ro g en atio n  w ith  5 H z> CH3CH ); ir 6-91. 7 .3 , 7 .4 , 8 .2 , 8 .5 , 8 .7 , 8 .9 , 9,’ 9.05,
P d-C  into a mixture of 42% cis- and 58% trans-p- 9'l5, n .2 ,n .8 5, 1 2 .3 2 m.
m en th en -8-o l (7 an d  8), id e n tica l w ith  t h a t  ob ta in ed  „ t t f  t  ¡ r ^  R

ethoxy methylene), 2.28 (broad m, 7), 1.28 (s, 6 , gem dimethyl),
1.14 (s of expected t  of which 2 outside peaks are masked by 

I ! other absorption), 0.97 (d, 3, /  =  7 Hz, CH3C H ); ir 6 .9 , 7.1
r ' - ' S  7.28, 7.32, 7.4, 7.48, 8 .05, 8.12, 8.22, 8 .37 , 8 .7 , 9 .1 , 9 .4 , 9.85,
I J  ( I I  I f  10.5,11.12,11.3,12.2,12.35,12.6m.

Pd_c Y n u  T ^ n tr  3-p-Menthen-8-yl isopropyl ether (4, R =  Ip): nmr S 3 .20 -
J< 'U n  J U 'UH 3.75 (broad heptet, 1, of isopropoxy), 5.68 (broad peak, 1,

^  + ^  ^  vinylic); ir 6.85, 6.95, 7.25, 7.3, 7.95, 8 , 8 .1 2 , 8.26, 8 .6 , 9 , 9 .1 ,
5  7 8  9.25,9.8,9.95,10.2,11,11.2,11.7,12.4,12.6m.

(42f0) (58%) cfs-Pulegol (6 ) by LiAlH4 Reduction of d-Pulegone (1 ).—
(+)-Pulegone (80 g), ra20D 1.4871, [« ]25d + 2 3 ° ,  in 160 ml of 
ether was reduced within 30 min with 7 g of LiAlH4 in 120 ml of 

from the hydrogenation of a-terpineol under the same ether, under essentially the same conditions described under 
conditions. In addition, the presence of a tertiary O H  A ' u P°n evaporation of the ether and distillation through a
in  5  w as p ro v e n  b y  ru n nin g its  n m r sp e ctru m  in  d eu - ^  " t  bp (2 T i lTviv/rci/v U- u X. J  . , , t. . . '4  g, n^D 1.4890, H  o - 8 0  , was obtained; the product
te ra te d  D M o O  w hich  show ed a  sin g let fo r th e  h y d ro x y l crystallized and had mp 3 4-35 .5° (99%  pure by vpc). The
proton at 6 4.23.4 product obtained by Porsch, et a l . ,2 with N aBH 4 had mp 31 .5 -

3 2 .5°; [a] 25d —5 8 .4°; nmr 5 5 .48-5 .60  (broad absorption, 1),
4.36 (broad t , 1, J  =  6 H z), 1 .35-2 .99  (broad m, 7, including 

E x p e rim e n ta l S e ctio n  °IT ), 0 .86-1 .28  (m, 9, with gem dimethyl), 0 .99 -1 .10  (7 = 1
Hz); ir7.7,8.85,9.65,10.45,11.05, 11.7m-

Reduction of ( + )-Pulegone with AIP (Meerwein-Pondorff- Reduction of Pulegone (1 ) with Triisobutylaluminum.— 
Verley).— ( +  )-Pulegone (154 g, 1 M ) ,  n 20d 1.4871.. [«] 2Bd + 2 3 °  To 48 g of a 50%  benzene solution of TIBA L (0.12 mol) (Texas
(purity by vpc 9 7 % + ) , 350 ml of absolute isopropyl alcohol Alkyls) in 60 ml of dry benzene was added, under a nitrogen
(IPA ), and 35 g of freshly distilled A IP were heated to reflux blanket and within 0.5 hr, 15.2 g (0.1 mol) of pulegone, in 50 ml
under a 2-ft Goodloe column while the pot temperature was of dry benzene at 35 ±  5° under agitation. A sample of the re
maintained at 82° and a distillate was collected at 6 0 -6 4 ° . action product, analyzed by vpc (20M column at 175°), indicated
After about 4 hr, 60-70 g of acetone-IPA mixture was collected. that less than 2%  ketone 1 was present. The reaction mixture
The excess IPA was then distilled off (pot temperature reaching was decomposed with 30%  NaOH and distilled in a Claisen-
9 0-95°) under partial vacuum and to the cooled (60°) residue Vigreux flask yielding 14 g, bp 80-84° (2 mm), m20d 1.4880,
of about 160 g was added 300 g of 50%  KOH solution and 50 ml consisting of 85%  6 , 1%  1, 8%  5, 2%  3, and 4% 2 . 
of benzene, under agitation, until solution took place. The top A. Allylomerization of cfs-Pulegol (6 ) to 3-p-Menthen-8-ol 
layer was separated and distilled in a modified Claisen-Vigreux (5).— cfs-Pulegol (6) (17 g), mp 3 4-35°, and 85 g of 20%  CH3-
flask affording a main cut, bp 70-95° (2 mm), 116 g, ?i20d 1.4840, COOH were heated under agitation for 20-30 min at 70°, until
consisting of 12.5%  2, 8 .5%  3, 6%  4 (R  =  Ip), 28%  5, 23.5%  no more cfs-pulegol (6 ) was present. Upon neutralization
1, and 21.5%  6 (vpc 20M 10%  column Vs in. X  4 m at 150°). with 4%  NaOH and distillation in a modified Claisen-Vigreux
The distillate was split in two equal portions and processed as flask, 16 g, bp 70-75° (2 mm), n 20D 1.4760, o+ d + 7 2 ° ,  was
follows. obtained which consisted of 8%  2, 1%  3, 88%  5, and 3%  un-

A. Reduction with LiAlH4.— The distillate (58 g, m20d 1.4840), known.
in 120 ml of dry ether, containing 23.5%  unreacted pulegone B. Allylomerization and Etherification of cfs-Pulegol (6 ).
(1) and a total of about 50%  alcohols 5 and 6 was fed within 5 1-— To 10 g of efs-pulegol (6 ), 3 4 -3 5 .5 ° , in 20 g of absolute
min into a solution of 4 g of LiAlH4 in 120 ml of dry ether and ethanol was added at room temperature 2 drops of concentrated
heated to reflux for an additional 15 min until the pulegone had HC1; after 0 .5  hr the reaction mixture consisted of 57%  4
completely reacted. The reaction mixture was then decomposed (R =  E t)  and 43%  5.
with 10 ml of 50%  ethanol followed by 25 ml of water until pre- 2.— A mixture of 20 g of efs-pulegol, 20 g of ethanol, 10 ml of
cipitation of the A120 3. The ether layer was separated and the water, and 1 ml of acetic acid was heated for 2 hr at 80°; the
solvent was evaporated yielding 56 g of crude reaction product reaction mixture consisted of 43%  4 (R =  E t) , 54%  5, traces of
consisting of 12.5%  2, 8 .5%  3, 6%  4 (R  =  Ip), 29%  5, and 44%  2, and unreacted 6.
6- Hydrogenation of cfs-Pulegol (6).— cfs-Pulegol (6) (10 g),

B. Oximation with NH2OH-HCl, and Sodium Acetate- mp 34—35.5°, in 50 ml of ethanol and 1 g of 5%, P d-C  catalyst
Ethanol Solution.—• The distillate (58 g), as in A, and 10 g of were hydrogenated rapidly (15 min) in a Parr shaker with hydro-
NH2OH-HCl, 10 g of sodium acetate, 10 ml of water, and 33 gen at 50 psi at room temperature and afforded a product (10 g)
ml of ethanol were mixed and agitated at 70° (pH 6.5) for about which crystallized and consisted of 90%  methanol, 3%  neoiso-
2 hr until a sample of the mixture showed the complete dis- menthol, and 7%  menthone.
appearance of pulegone (1) (by vpc 20M column at 150°). The Hydrogenation of 3-p-Menthen-8-ol (5).— 8-p-Menthen-8-ol 
reaction mixture was washed twice with 100 ml of water and (5) (10 g) in 50 ml of ethanol and 1 g of 5%  P d-C  catalyst were
distilled in a modified Claisen-Vigreux flask yielding a main shaken in a Parr shaker for 1.5 hr with hydrogen at 50 psi at
cut, bp 70-100° (2 mm), 45 g, m.20d 1.4750, having the following room temperature and afforded 10 g of a product which consisted
composition (vpc 20M at 140°): 16%  2, 10.5%  3, 12.5%  4 (R of 42%  7 and 58%  8  which were identified by ir and vpc com-
=  E t) , 7 .5%  4 (R =  Ip), 51%  5, and 2 .5%  6 . I t  was followed parison with unambiguous samples of 7 and 8  obtained from
____________  the hydrogenation of a-terpineol.

Interaction of AIP with cfs-Pulegol (6 ) and 3-p-Menthen-8-ol 
(4) O. L. Chapman and R . W. King, J .  Amer. Chem. Soc. 8 6 , 1256 (1964). (5). A.— cfs-Pulegol (6 ) (5 g), mp 3 4-35 .5° , and 1 g of AIP
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were heated in a small modified Claisen-Vigreux flask under a B .— 3-p-Menthen-8-ol (5) (5 g) and 1 g of AIP were treated
slight (20 mm) vacuum while the IPA formed distilled off. under the same conditions as described in A and afforded 3 g 
The temperature was maintained for 5 min at 130° and the consisting of 60%  2 and 40%  3.
residue was then decomposed with 30%  NaOH to yield about 3 wr„ i d  _  n ,  0 ,or>i qi q . a t> td
g of reaction product consisting of 58%  2 , 39%  3 , and traces of R e g is try  N o .— 4, K  -  E t ,  2 4 3 0 1 -8 1 -d , 4, K  — I r ,
unreacted 6 . 2 4 3 0 1 -8 2 -4 ; 5 , 2 4 3 0 2 -2 3 -6 ; 6 , 2 2 4 7 2 -8 0 -6 .

The Additivity of Mass Spectral Substituent Effects.
Cleavage of Benzophenones

M aurice M. B u rsey1 and C harles E. T w ine, Jr .

Venable Chemical Laboratory, The University o f  North Carolina, Chapel H ill, North Carolina 27514

Received December 16, 1969

I t  would be of interest to extend mass spectral steric-effect studies to simple cleavage reactions, but in known 
examples the observed electronic substituent effect is not great, and it can be expected that the effect of steric 
inhibition of resonance will not be great either. The theory of mass spectra suggests that multiple substitution 
may cause a great scattering of points about the correlation line against Hammett <r constants compared with 
the scatter for singly substituted compounds. This work shows that for doubly substituted benzophenones, the 
increase in scattering is not so large as to preclude observation of a moderate change in relative intensities owing 
to steric inhibition of resonance.

The formation of benzoyl ions in the mass spectra of been made to work backward from the existence of
singly substituted benzophenones can be correlated correlations with a  constants in mass spectra, specifi-
remarkably well with Hammett a constants.2 This cally correlations of ion intensities, ionization potentials,
general type of correlation, in which the relative in- and appearance potentials of fragments, to derive the
tensities of benzoyl ion [A+] with respect to the in- form which the energy distribution of molecular ions
tensities of the molecular ions [M+] are plotted against must have to meet the requirement of an exact fit of the
substituent constants as in eq 1, where Z = [A+]/ [M+], ion intensity data to eq l . 13 The restrictions imposed
has been found for unsubstituted ions in the spectra of for mathematical tractability make this solution of

mostly theoretical interest, but the calculation shows 
log (Z/Z0) = pa (1) that reasonable distributions produced from considera

tion of the physical processes occurring in electron 
other aromatic compounds.3 An interesting observa- impact and the energy distribution in the original
tion made recently is that orf/io-substituent effects on molecule14 are fairly similar in form to this distribution,
ion intensities calculated in this fashion may be corre- and allows the hope that further refinement of the
lated4 with orf/io-substituent constants derived6 from model employed will give a better understanding of the
rates of gas-phase ester pyrolyses; the good correlation importance of the energy distribution,
supports the validity of the interpretation of the py- One would anticipate, on the basis of the good corre- 
rolysis data. lation of meta- and para-substituent constants with

The relationship of eq 1 does not follow6 from the relative intensities in benzophenone spectra2 and on the
quasiequilibrium theory of mass spectra,7 and other basis that the correlation can be extended remarkably
explanations have been suggested. It is generally well to ortho substituents,4 that a good correlation
recognized that the equation of relative “ rates” of could be routinely expected. The present considera-
mass spectral processes with intensity ratios is a tions of substituent effects on ion intensities, irrespee-
simplification, and that other factors, notably ap- tive of their author, would all predict this in the first
pearance potentials of fragment ions8 and the energy approximation, for substituent effects would be expected
distribution of the molecular ions,9 in principle govern to be cumulative on electron density, affecting ioniza-
the intensities of peaks in such a fashion that a Ham- tion potentials and bond energies in closely similar
mett plot may be extracted from them. These factors patterns. It is more important to consider why sub-
have been summarized.10-12 Recently attempts have stituent effects may not be cumulative in ion intensity

(1) Research Fellow of the Alfred P. Sloan Foundation, 1969-1971. data- The maj0r reaSOn W0Uld be the fact that the
(2) m . m . Bursey and f . w. McLafferty, j . Amer. chem . Soc., 88, 529 introduction of more substituents into the aromatic ring

„ , ov affords more routes for decomposition, which will then
(4) K . K . Lum and g . g . Smith, j . Org. chem ., 34,2095 (1969). compete more effectively with formation of the ion of
(5) g . g . Smith, k . k . Lum, j . a . Kirby, and j . Posposii, ibid.., s i, 2090 interest, benzoyl. Fewer ions will then decompose by

(1® 6)M . S. Chin and A. G. Harrison, Or,. Mass Spectrom.. 2, 1073 (1969). t h ® d e s i r e d  r o u t e ,  a n d  t h e  d e g r e e  o f  C o r r e la t io n  W ill b e
We thank Professor Harrison for a copy of this manuscript before publication. r e d u c e d .  F u r t h e r ,  t h e  i n t r o d u c t i o n  o f  & >dditionSll

(7) h . m . Rosenstock, m . b . Wallenstein, a . l . Wahrhaftig, and h . complex substituents could alter the effective number

(8) t . w. Bentley, r . a . w. Johnstone, and d . w. Payiing, j. Amer. of degrees of freedom in the molecular ion to the extent
Chem. Soc., 9i, 3978 (1969). that ion intensities will be noticeably affected. In

s ; , w ! r,d; R ' G ' Cooks' and D - H- Williams, ibid., 9i, 2727 (1969). p r a c t i c e ,  t h i s  a l t e r a t i o n  h a s  b e e n  o b s e r v e d  f o r  m e t a s t a b l e
(10) F . W. MeLaffertv, Chem. Commun., 956 (1968).
(11) R . G. Cooks, I . Howe, and D. H. Williams, Org. M ass Spectrom., 2,

137 (1969).
(12) M. M. Bursey and M. K . Hoffman, “Mass Spectrometry, 1970,” (13) R. P. Buck and M. M. Bursey, Org. Mass Spectrom., 3, 387 (1970).

G. W. A. Milne, Ed., John Wiley & Sons, Inc., New York, N. Y ., in press. (14) M. L. Vestal, J .  Chem. Phys., 43, 1356 (1965).
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decompositions of the benzoyl ion to C eH sV 6 but it is avoid steric effects, or else, as in the case of the nitro
not significant for the normal benzoyl ions. group, substituents whose effect is primarily not a

Recently, attempts to define effects due to steric resonance effect, as comparison21 of the m e ta  and p a r a  it 

inhibition of resonance in mass spectral decompositions constants seems to suggest.
have been made. 16-18 In the first examples studied, The point of our experiment, then, was to set up a 
the stability of the product ion very obviously de- model to test the additivity of substituent effects on ion
pended on the ability of an electron donor in the p a r a  intensities in mass spectra. This would determine 
position to interact with the reaction site (eq 2 ) . 16,17 whether the anticipated scattering of data for the 
When the group in the p a r a  position is large, substit- formation of benzoyl ion by competing reactions would
uents orth o  to it seem to have the expected effect: be so great that it would prevent the extension of model
there is a very great reduction, by a factor of more than reactions for the study of steric inhibition of resonance

to  system s in  w hich th e  resonance dem and of th e  
Cl __ +, Cl. produ ct ion  is  low.

ch3 ^ ' ch3 + y=\
CH /N  ) = /  N° 2 c h / N  ) = /  °  (2) Experimental Section

Cl Cl Preparation of Benzophenones.— The compounds were either 
, ,. . , .. . . .  , , , . , commercially available or synthesized according to standard

2 0 , in the relative intensity of the daughter ion when procedures in the literature which were checked where advisable
the group is dimethylamino, which is so large that it is to avoid ambiguity in the orientation of products formed by
twisted in the ground state, and presumably then can- Friedel-Crafts reactions. The compounds were homogeneous
not interact with the oxygen atom to form a quinonoid hy t-l“ n layer chromatography and had melting points in agree-
structure in the daughter ion. in the lit+erature'

It is empirically found that th e  stability of the prod- Hitachi RMU-6E single-focusing instrument, using 75-eV
UCt ion is a very important “ driving force” in governing electrons (emission current 80 pA). The source pressure was
the intensities of mass spectral peaks. 19-20 I t  is of always in the range of 5-10 X 1 0 - 7 Torr; the source temperature
interest, therefore, to look at cases where stability of the maintained at 185 ±  5 ° . Samples were introduced through

, , . . , . a , , , ... the liquid-solid sample introduction port into a reservoir held
product ion is not so greatly influenced by the substitu- at 185 ±  6.. The reproducibility of peak heights was at least
ent, in order to  determ ine th e  m agnitude of steric  3%  for four replicate determinations, and in many cases was
effects in  cases w here th e  resonance dem and is w eak ; less than 1% . Ratios of fragment ion intensities to molecular
one would expect th a t , for exam ple, th e  rem oval of ion intensities were reproducible from day to day to within
d irect resonance in te ractio n  o f th e  su b stitu en t and  4 -5 %-
reaction site might reduce the substituent effect to .
something approaching the field- or induction-effect- Results and Discussion
dominated meta-substituent characteristics, but, be- Our data are presented in Table I, in the form of 
fore this experiment can be done, it is necessary to simple intensity ratios. When these data are plotted
establish whether, superimposed upon this presumed against the sum of the a constants for each substituent, 
steric effect, there will also be a scattering introduced the correlation illustrated in Figure 1 is obtained. The
by the increased number of substituents discussed slope of the correlation line is 0 .7 7 ; the correlation
earlier, and, if there is an increase in scattering, whether coefficient is 0.918. When the data are plotted against
it will be so great as to imperil the extraction of informa- the sum of the <r+ constants for each substituent, the
tion about interactions of multiple substituents. correlation shown in Figure 2  is found. Here the slope

We chose to examine the characteristics of intensity 0f the correlation line is 0.55 and the correlation coeffi-
pattterns for the best correlated reaction for single cient is 0.956.22 
substituents in mass spectra, eq 3, in a very similar

Y C 6H4COC6H6- + — >- C6H5CO+ (3) T ablb 1
R elative I ntensities of m/e 105 in the 

Y 2C6H3COC6H5• + >  C6H5CO+ (4) Mass Spectra of Doubly Substituted

, . c . B enzophenones (Z = [105+]/[M-+])“
study for doubly substituted compounds, eq 4. Since „ , . „ _ , _ ,
the data are highly correlated with (or cr+) values for 3_CH3o, 4-CH30  - 0 .4 8  3-Br, 4-OH + 0 .0 5
a single substituent, it seemed acceptable to assume 3 Br _ 0 47 H _l_0 os
that the correlation of the sum of their <7 values (or a ' 3-CH3 4-CH30  —0.42 3-C1, 4-C1 + 0 .4 1
values) with ion intensities would be a measure of the 3-CH3| 4-OH - 0 .2 8  3-Br, 4-Br + 0 .4 2
additivity of substituent effects. It is, of course, 3 -C1,4-C H 30  - 0 .1 4  3-C1,5-C1 + 0 .5 2
necessary that one use only substituents which are 3 -Br, 4-CH30  - 0 .1 0  3-N 02,4-C1 + 0 .5 4
incapable of exerting an effect other than electrical on 3-CH3) 4-CHs 0.00 3-Br, 5-Br + 0 .6 3
neighboring substituents if one wishes to use 3,4- 3-C1,4 -OH + 0 .0 1
disubstituted compounds. We therefore chose substit- ° The ratio found for benzophenone was divided by a statistical 
uents that are cylindrically symmetrical or nearly so to factor of 2 .

(15) m . l . Gross and f . w. McLafferty, chem. Commun., 254 (1968). +or singly substituted benzophenones, the slope
(16) M. M. Bursey, J .  Amer. Chem. Soc., 91, 1861 (1959). . , . ̂  j  ,v  Jo n Q7A*
d7) m . m . Bursey and m. k . Hoffman, ibid., 9i, 5023 (1969). against <t is 1.01 and the correlation coefficient IS 0.976,
(is) m . m . Bursey, Org. M ass Spectrom., a, 907 (1969). against <t + , the slope is 0 . 6 6  and the correlation coeffa-
(19) F . W. McLafferty, “Interpretation of Mass Spectra,” W. A. Ben

iamin, Inc., New York, N. Y ., 1966, p 81. (21) R. W. Taft, J .  Phys. Chem., 64, 1805 (1960).
(20) F . W. McLafferty and M. M. Bursey, J .  Amer. Chem. Soc., 90, 5299 (22) The values for <r and <r+ were taken from the tabulation of C. D.

(1968). Ritchie and W. F . Sager, Progr. Phys. Org. Chem., 2, 323 (1964).
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EsHiccn 7 n  -------------------------------- : --------r 1 0 -------------------------------------0.6 3 -B „S -B r./  [C6H5CO+] /
3-c,'5% ^ e ,  °g [C6H5COC6H3Y2+-] -0 8

-0.4 3-CI,4-Ciy -̂Br,4-Br - 0 .6  3-NO
s '  3-CI,4-C^g^3-CI,5-CI

-0.2 /  s ^ i - B r , 4 - B r

3-CH3,4-CH 3.?ri4.0Ĥ  /  3-Br,4-0H 3-CH3,4 -C H ,/ ^  +
I__I__I__ 1__I I I 'V I I__, L / J  1 I , I I I ,X<T| 3-CI.4-0H i \ ^<|H 2-<r

-10 -0 8 -0.6 -0 4  -0.2 / /  02 04  06 08 10 1----- 1----- 1----- 1----- 1 $  *  s - ^  ---- 1----- 1----- 1----- 1----- 1----- *----- 1
3-ci,4-0H>: .3 -b,,4-ch,o -1.4 -¡.2 -10-0 .8  -0.6 > U 2  0.2 0.4 0.6 0.8 1.0 1.2 1.4

/  ®3-CI,4-CHi> 3 - Br, 4 - 0CH3
/  --0.2 3-OI-3,4-OH 3-Cl,4-0CHj — 0.2

3-CH3.4-0H. /  . _ _ Q 4

/ 5i CH3,4-CĤ  — 0.4  ^ ^ , 4*NH#3- CH3° ' 4 ‘CĤ
>̂ 3-Br,4-NHl ^  - r 0.6

- X  3-CH3O.4-CH3O_.Q_g _ _ o s

----------------------------------0.8—------------------------------ • ~ l'°
Figure 1.— Correlation of intensity ratios in doubly sub- Figure 2.-C orrelation  of intensity ratios in doubly sub

stituted benzophenones with sums of individual <r values of stl“  benzophenones with sums of individual , +  values of 
, . 99 substituents.22substituents.22

cientisO.963.2 These values were determined for more additivity were large enough. For the correlation 
substituents than are represented in Table I, including against a+, the loss in correlation is in fact insignificant,
several whose intensity ratios deviate markedly from It should be possible, as a result, to uncover deviations 
the correlation line for explicable reasons. If we from additivity as a result of steric inhibition of reso-
consider the correlation of only those single substit- nance or other substituent-substituent interactions,
uents that were actually used in the double-substituent The scattering due to the multiple substitution of
study, their correlation with <r is better: r = 0.990. systems suggested by eq 5 will increase the probable
The correlation of data for this limited number of 
substituents with a+ is also improved: r = 0.982.

In terms of standard deviations of data points from \ — r~~j+'
the correlation line, the standard deviation of the new Y f  JA —*■ A+ (5)
data from the line against a is 0.15 log unit, compared 
with 0.09 for the old data (0.06 for those members of the 
old data actually used). The standard deviation of the
new data from the line against a+ is 0.06 log unit, com- deviation of the intensity ratio, in the benzophenones
pared with 0 . 1 1  for the old data (0.07 for those members by a predictable amount, and we can therefore state how
of the old data actually used). large the steric effect on intensity ratios must be in

As measured by the correlation coefficient, then, the order to assign the deviation from additivity with
doubly substituted benzophenones do show a decreased confidence to the predicted effect, not to the scattering
correlation with both <r and cr+ constants, when com- because of multiple pathways.
pared with the data for the singly substituted benzo- For the benzophenones, the standard deviation of 
phenones. The correlation against a+ is superior for relative intensity values from the expected values (the
the doubly substituted benzophenones, a distinction correlation line) is 0.06 for the <j+ correlation. Twice
that was not noted for the singly substituted benzo- the standard deviation sets the 95% confidence level;
phenones first studied2 but noted later when the reac- that is, outside of this range there is only a 5%  chance
tion was examined for the orf/io-substituted compounds.4 that any observed effect is due entirely to scattering.
As measured by the standard deviation of the data Provided that we can find examples where the expected
points from the correlation line, the correlation with a+ change in substituent effect is greater than 0 . 1 2  log unit
is still the better one for the doubly substituted com- as a result of steric inhibition of resonance, we can
pounds. There is, in fact, a slight decrease in the assign deviations from additivity in the proper direction
standard deviation from that of the data points of the to this cause with a high level of confidence that this is
single substituents used, but it may not be meaningful. indeed the source of the deviation. If one chooses the

The data therefore indicate that, first of all, a worse correlation, that with u values, then the substit-
recognizable correlation still exists for data from doubly Rent effect must be greater than 0.30 log unit to
substituted benzophenones. The slope of the line is ascribe the same level of confidence to the interpretation,
somewhat different from that for the monosubstituted The deviation seems sufficiently small that we have 
benzophenones, but this could be explained in light of anticipation of finding large enough expected changes in
the scattering of the data. The second obvious point is substituent behavior for eq 5 as a result of steric inhibi-
that for the correlation against a, the scattering is tion of resonance in such reactions. We plan to report
markedly increased, as both the decreased correlation our results of this new study later,
coefficient and simple inspection suggest. The loss in
correlation is not so great, however, that much informa- Acknowledgment.— This study was supported in
tion would be lost about expected deviations from the part by the University Research Council of the Uni
line in other systems because of substituent-substituent versity of North Carolina. Jane Rogers and Dean 
interactions, provided that the expected deviations from Wilson assisted with syntheses.

2014 J .  Org. Chem., Vol. 85, No. 6,1970 B ursey and T wine



Heterocyclic Studies. 31. The Preparation of 3-Diazoacetylpyrazolines 
and Conversion to  Diazabicyclo[3.2.0]heptenones and 1,2-Diazepinones1
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Diazoacetylpyrazolines 5, 7, 13, and 15 were obtained from the corresponding isomeric «-substituted cinnamic 
acids. «,/3-TJnsaturated carboxylic-carbonic anhydrides were found superior to the acid chlorides in the prep
aration of these 3-diazoacetylpyrazolines. Cyclization of the 3-bromo- (5 and 7) and 3-ethoxycarbonyl- (13 and 
15) pyrazolines to bicyclo[3.2.0]heptenones could not be effected. The 3-bromopyrazoline 5 with base gave
3-diazoacetyl-4-phenylpyrazole. The isomeric 3-diazoacetyl-3,4-diphenyl-l-pyrazolines 16 and 18 were con
verted to the 5-pyrazolines with base and thence to 1,2-diazabicyclo [3.2.0] heptenones 20 and 21. Isomerization 
of 20 and 21 in acetic acid gave the diazepinone 23. A major side reaction in the base-catalyzed isomerization of 
20 and 21 was cleavage to the pyrazoline-N-acetic acids 25 and 26. Methoxycarbonylpyrazoline (29) was pre
pared from mesaconic acid «-methyl ester and converted to diazepinone 31.

Cyclization of 3-alkyl-3-diazoacetylpyrazolines (1 ) and with excess diazomethane, respectively. The
provides an efficient and simple route to the 1,2-di- preparation of the acid chloride of the (E) isomer
azabicvclo[3.2.0]heptanone (2 ) and 1,2-diazepinone (3) (“ a-bromo-m-cinnamic acid” ) was described recently,5

but we were unable to repeat this work, and another 
R R2 n approach was required.

H------------------/  — ►
\ UM H COCHN2 C6H5 Br Q

V - N H  CHN> H - J ________^

1 R2 QHs Br k N^N CHN2

11 1 l_ j )  Ri ' y ^ y 0  4  5

^¡vdNf Acylation of diazomethane has almost always been
2 H accomplished with an acid chloride; the use of other

3 reagents such as.anhydrides is generally less satisfactory.
Tarbell and Price reported yields of 57 and 7%  for two 

systems. 2'3 The utility of this reaction has led us to diazomethyl ketones prepared by the use of mixed
prepare some additional pyrazolines and examine the carboxylic-carbonic anhydrides.6 Comparable results
generality of this cyclization and subsequent isomeriza- were obtained in our hands with benzoic ethylcar-
tion to 1,2-diazepines, in particular with respect to the bonic anhydride. B y using prolonged reaction time,
effect of additional functional groups and the configura- the yield of diazoacetophenone was increased from 7 to
tion of the C-4 substituent in 2 . 35%, but further improvement could not be achieved.

The formation of 3-diazoacetylpyrazolines by reac- Although this procedure appeared marginal, it was 
tion of a,/3-unsaturated acid derivatives with excess applied to (F)-a-bromocinnamic acid, and treatment of
diazomethane is potentially a very general method, but the mixed anhydride with excess diazomethane gave
for the purpose of this work, there are some restrictions. the diazoacetylpyrazoline 7 directly in 30% yield.
For the cyclization step, an additional 3 substituent Subsequent experience with other a,/3-unsaturated
in the pyrazoline (R2 H in 1) is required to prevent carboxylic-carbonic anhydrides as noted below has
tautomerization of the initially formed 1 -pyrazoline to shown that these derivatives are in fact distinctly
the 2 isomer. A  practical consideration is *he necessity superior to the acid chloride in most cases, and we have
of obtaining these rather sensitive diazo ketones in adopted the mixed anhydride procedure as the standard
crystalline form to permit isolation; a few attempts to method for preparing 3-diazoacetylpyrazolines. This
carry reactions through to the bicyclic ketone or di- method obviates the preparation and isolation of the
azepine without purification have been unsuccessful. acid chloride, and provides a convenient two-step
In view of these points, several isomeric pairs of a-sub- procedure from acid to diazoacetylpyrazoline in overall
stituted cinnamic acids were selected as starting mate- yields at least as high as those based upon acid chloride.
rials. Another advantage of the mixed anhydrides, pre-

The first compounds examined were derived from the sumably, lies in the fact that a mole of diazomethane is
isomeric a-bromocinnamic acids. The unsaturated not wasted in neutralizing HC1 as it is when acid chlo-
diazo ketone 4 and the pyrazoline 5 were readily rides are used. This point was not directly observed in
obtained by reaction of the acid chloride of the (Z) the present work since excess diazomethane was
isomer4 (“ a-bromo-irons-cinnamic acid” ) with 2  mol of employed to ensure completion of the addition step, but

it was noted in several cases that gas evolution (C02)
(1) Supported by Grant GP-5219 from the National Science Foundation. began Only a fte r  th e  reaction  Stood for SO me tim e. The

4 ( 390 (i962T °°re' W F HoIt°n' and E’ L’ WittIe’ J ‘ Amer' Chem' Soc" acy latio n  step  is n ot dependent on pyrazoline form ation ,
(3) J .  A. Moore, i\  J .  Marascia, R . W. Medeiros, and R . L. Wineholt,

J .  Org. Chem., 31, 34 (1966). (5) A. K. Plisov and I. M . Zhuravleva, J .  Org. Chem, USSR, 1, 1893
(4) Notation of J .  E . Blackwood, C. L. Gladys, K . L. Loening, A. E . (1965),

Petrarca, and J .  E . Rush, J .  Amer. Chem. Soc., 90, 509 (1968). (6) D. S. Tarbell and J. A. Price, J .  Org. Chem., 22, 245 (1957).
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since the mixed anhydride of (Z)-a-phenoxy cinnamic unsubstituted cinnamic acids,10 the less soluble barium
acid, in which dipolar addition of diazomethane is salt is that with /3-H and CO2H cis. 
suppressed, gave the unsaturated diazo ketone 8  in 76%  Diazoacetylpyrazolines 13 and 15 were obtained in 
yield high yields by the mixed anhydride procedure. The

compounds were isolated without difficulty as solids 
Cf>H5 Ĉ02C02Et C[[ Ni |r /  which decomposed on melting at 50 and 80°, respec-
\ = /  ------— — *■  C6H5 |—^ tively. These diazo ketones are thus relatively stable

H Br -co„-EtoH L C H N 2 in comparison with related pyrazolines bearing two elec-
g tron-accepting groups such as -C 0 2R  or -C N  at C-3;

7 examples of the latter have recently been prepared at
C6H5 OC6Hs —40° and shown to decompose rapidly at temperatures
y = \  below 0 ° . 11

H COCHN2 No bicyclic ketones or other products were isolated
8 from the reactions of 13 and 15 with acid, and there was

no evidence for four-ring carbonyl absorption in the ir 
Cyclization of the pyrazolines 5 and 7 to bicyclic spectra of the crude reaction mixtures. In previous

ketones failed. The cis-phenylbromopyrazoline 5 was cyclizations to diazabicyclo[3.2.0]heptenones, the
somewhat less reactive toward acid, as judged by 3 -alkyl-3 -diazoacetyl-l-pyrazolines have been suc-
nitrogen evolution and disappearance of CO CH N 2 cessfully used as the substrate, although it has been
absorption, than the cis-phenylmethyl compound. 2 shown2'3 that isomerization to the 5-pyrazoline precedes
Under a variety of conditions with acetic, sulfuric, and 0r accompanies ring closure. The failure of the bromo-
other acids, any treatment which caused nitrogen and ethoxycarbonylpyrazolines 5, 7, 13, and 15 to
evolution invariably gave intractable mixtures. Under undergo cyclization is probably due to the competition
forcing conditions, H Br was evolved; a trace of the of other reactions with the acid-catalyzed tautomeriza-
3-methoxyacetylpyrazole 1 0  was obtained from the tion to the 5 -pyrazoline isomers. W ith the bromo
frans-phenylbromopyrazoline 7 in methanolic sulfuric compounds the problem lies in the propensity for
acid. elimination leading to pyrazoles. In the case of the

Treatment of 5 with base gave 3-diazoacetyl-4- esters 13 and 15, ring opening to a diazonium enolate 
phenylpyrazole (9) in 75%  yield. Two derivatives of and loss of nitrogen would be expected to be the major 
this diazo ketone were obtained by standard procedures; complication. 11

no evidence was seen in these reactions of cyclization to
a bicyclo [3.2.0] system. HJ793 CO,H C6H5 C02Et

C(;Hj COCHN2 CeH5 COCH2X A  H'  cochn2.

OMe- C /  V t n /  CeHs C° 2E t N ^ N

5 ^
H H

9 10,X=OCH3 C6H5 C02H H C02Et
n’ x  = cl c6h5------------- cochn2

The a-(ethoxy carbonyl) cinnamic acids 12 and 14 H5784 C^2Et
provided another potentially interesting pair of isomers E> mP 104-106°
for this study. These acids have been described several 14

times,7 '8 but apparently the pure isomers have not been . . , . . „ „
separated. B y a modification of the standard barium ^  of ^reoisom enc bicyclic ketones was finally
salt procedure0 used for the a-bromo acids, an acid obta1lned 171 the a-phenylcinnamic acid series. 1-Py-
[mp 85-89°, 5(-C H = C ) 7.93 ppm] was obtained from razolln6S 1 6  and 1 8  were readll-v PrePared from the
the less soluble salt, and an isomer [mp 104-106°, 5 C H- C H
(-C H = C ) 7.84 ppm] was isolated from the soluble salt. „  6 0 6  6
The Z and E configurations 12 and 14 are assigned to ® acid H COCHN2 * H COCHN2

these isomers on the basis of the barium salt solubility k ^ N  k-N^NH
and vinyl proton chemical shift. In two other pairs of 16

substituted cinnamic acids, a-bromo- and a-phenyl-, the
vinyl proton signal appears 0.9-1.0 ppm further down- H
field in the isomer with /3-H and -C 0 2H cis. A  smaller Z acid — *- C6H5-------------COCHN2 — *-
difference is to be expected in the esters 12 and 14
because of the similar shielding effects of the ester and ^
carboxylic acid groups. The difference of 0.09 ppm 18 H C6H5

between 12 and 14 is of questionable significance, but r w - - J ____l-  rnrHV
assignment of the ds-/3-H-C02H (Z) configuration (12) 6 5 2

to the acid with the less shielded vinyl proton is also % N^NH
consistent with the lower solubility of the barium salt of 19

this acid. In the a-bromo and a-phenyl series and also --------------
(10: S. A. Faseeh, P ak. J .  Sci. Res., 63 (1951); Chem. Abstr., 47, 11159

(7) G. Reinicke, Justus Liebigs Ann. Chem,., 341, 89 (1905). (1953).
(8) E . J .  Corey and G. Frankel, J .  Awer. C/iewi. iSoc., 75, 1168 (1953). (11) H. Kisch, O. E. Polanaky, and P. Schuater, Tetrahedron Lett., 805
(9) J .  J .  Sudborough and K. J .  Thompson, J .  Chem. Soc., 83, 673 (1903). (1969).
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respective mixed anhydrides, and were converted to the slightly faster rates of 2 0  and 24 probably reflect some-
5-pyrazolines 17 and 19 by treatment with base. These what greater eclipsing interactions in the exo ketones, 
isomerizations required carefully controlled conditions Comparison of the rates of the base-catalyzed reac- 
to minimize further reactions which will be described in tions could not be made because of a major side reac- 
a later paper. tion with the diphenyl ketones. Whereas the reaction

The 5-pyrazolines 17 and 19 were converted to of 24 gave a straight-line pseudo-first-order plot to 94%
bicyclo [3.2.0] ketones 20 and 21 with cold methanolic completion in 0.01 N  methanolic base, the curves for
sulfuric acid. From the m-diphenylpyrazoline, the 2 0  and 2 1  deviated sharply. The conversion to 23 was
hemiketal 22 was obtained as a major by-product; the 15% with the exo isomer (20) and 34% with the endo-
exo-methoxy structure is based on the assumption of phenyl ketone (2 1 ). Treatment of 2 0  with methanolic

19 base gave in low yield an acid which is assigned the cis-
■ diphenylpyrazoline acetic acid structure 25. In the

| | nmr spectrum, H-4 and H-5 had a cis coupling of 10.3
CcH- ccH5 0  H Cf,Hs o Hz, and H-4 was coupled also to H-3 ( J  = 1.3 Hz); the

p /  CH________ _ J '  other peaks were consistent for 25. In more con-
6 5 centrated aqueous base, both 2 0  and 2 1  gave an isomeric

S r N . acid whose spectrum ( J 4,6 =  13 Hz) indicated the
2 0  \  21 presumably more stable trans acid 26. Surprisingly,

n. attempts to oxidize 25 with M n02, K M n04, or H2O2 to
|| | the pyrazoleacetic acid 27 were all unsuccessful. A

r  H r  w nPir \  r  H sample of 27 was obtained in very low yield by alkaline
^  C J n T  0  peroxide oxidation of the diazepmone 23.12

s. v----  'j C6H5 C6H5 q C0H5 C6H5

2 2  N-N H H f H

23 N N ^CH2C02H
2 0  \  25

methanol addition at the exo side of the carbonyl. N.
Similar rather stable hemiketals were previously ob- |
served in the steroidal diazabicyclic ketone series. 2 a h
Compound 2 2  was extremely labile and reverted rapidly
in chloroform solution to the ketone 2 0 . No ketal was 21 __v H
observed in the trans-diphenyl series, in which steric rn H
interference with the endo-phenyl group would be 26 2 2
severe. ^

For preparation of the 5,6-diphenyl-2,3-dihydro- h2o2, Qdb .C6H5

diazepinone (23), the 1-pyrazoline 16 derived from the 2 3  qh~) |
less expensive Z acid was used. Treatment of 16 with ^
hot acetic acid gave the diazepine in 47% yield. The N CI-LC02H
reaction was not so clean as that in the methylphenyl 27

series, 3 and impurities (by tic) began to appear before t j 10 facpe c]eavage of ketones 2 0  and 2 1 , in contrast 
the pyrazolme had completely reacted. The diaze- 4-methyl ketone 24, is easily understood in view of
pmone 23 had spectral properties very similar to those the stabilization of a carbanion by the phenyl substit-
of the S-methyl-b-phenyl derivative, with a considerably uent in 2Q and n  The  reaction apparentiy occurs
higher visible absorption maximum («410 4400 vs. 2900). vvitH fairly complete retention of configuration at C-5 ,

The yield of 23 from the 1-pyrazoline reflects the and isomerization of the m-diphenylpyrazoline 25
combined efficiency of three steps isomerization to 17, presumably involves removal of H-4, which is activated
cychzation to 2 0 , and ring opening of the bicyclic ketone. by both 4_phenyl and C = N  groups. In the 4 -methyl
The last step has been studied semiquantitativelym the ketone 24; on]y the H . 4  proton is activated toward
methylphenyl series3 (compound 24); m that case the 4,aS0j an(j  removal leads to diazepinone formation,
reaction is most effectively catalyzed by base and to a The formation of 23 represents a rather slight ex- 
lesser degree by  ̂acid. To compare structural and tension of the scope of this diazepinone synthesis, and
steric effects in this ring-opening step, the rates of con- the unsuccessful results with the bromo-, phenoxy-, and
version of the two diphenylbicyclic ketones 2 0  and 2 1  ethoxycarbonyl cinnamic acids indicate that a-func-
and the cis-4-methyl-5-phenyl compound 24 to the tional a,/3-unsaturated acids cannot be adapted, even in
respective diazepinones were measured spectrophoto- b̂e relatively favorable /3-phenyl case, to this sequence,
metrically in 1 A methanolic acetic acid at 35 . The ^  different approach thus seemed to be required for the
nature of the C-4 substituent and the configuration at synthesis of a functionally substituted diazepinone.
C-5 were found to have only a minor influence; the promising candidate for this purpose was a py-

C6h5 ch3 razoline derived from mesaconic acid “a ester” (28, X
I J I Compd ki, 1. moi sec-1 = O H ). The half-esters of mesaconic acid have been

20 1.67 X 10 known for many years, but some ambiguity has existed
'w N  21 0.30 x  10^ regarding the position of the ester function. Cocker

24 1.38 X 10
24 1̂2) J. A. Moore and C. L. Habraken. J .  Org. Chem., 30, 1889 (1965).
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and Fateen have shown conclusively that the monoethyl much further to the right than in the corresponding 4- 
ester obtained by partial saponification is 28a.13 For metnyl-5 phenyldiazepinones.
our purposes the methyl ester was preferred because of In summary, these studies have shown that the for- 
the simpler nmr spectrum and the fact that methyl matron of 2,3-dihydrodiazepinones by the sequence 1
esters are, in general, more readily crystallized than ethyl — 2 ^  3 is of some generality, and certain limitations
esters Assuming by analogy that the monomethyl on 'he possible structural variations have been de
ester chloride of Anschütz has the structure 28b as- lineated. The configuration of substituents in the
originally formulated,14 two pyrazolines, 29 and 30, pyrazolme and bicyclic ketone seems to be of little
could arise, depending on the polarization imparted by importance in the overall process. I t  seems reasonable
C 02Me and COCHN2 groups for cycloaddition. Of to expect that 5,6-diaryldiazepinones analogous to 23
these, 30 could not cyclize to a diazabicyclo [3.2.0]- could be obtained in some variety. A number of trans-
heptenone, but 29 should be a very favorable case, with formations of the 5-methyl-6-phenyldiazepinone pro-
a stable substituent at C-3 and a highly activated C-4 ceed in preparatively useful fields to give pyridines,
proton pyridazines, pyrroles, and furans with substitution

p a tte rn s  th a t  a re  ra th e r  difficultly accessib le  b y  m o re  
CH3OCO CH3 0  con v en tio n al ro u te s .16 O n th e  o ccasio n  of a  n eed  fo r

CH3 jj--------- L _ _/ diaryl counterparts of these compounds, syntheses based
__ r r n v  *" I JT c h N on  re a rra n g e m e n ts  of 23  o r v a r ia n ts  th e re o f m a y  be

Ti** 2 quite convenient. The practical difficulties arising
2 8 a, R = C2H5; X-OH 29 from the instability and solubility properties of 31 and,

b, R -  CH:J, X -  Cl I presumably, other nonarvlated derivatives would ap-
pear to preclude most synthetic applications.

CH3OCO CH3 0  CH jO CO vJ^^O
_____ J r  J  T  Experimental Section17

J CHN \  ._  /  (Z i-a-Bromocinnamoyl chloride,18 bp 104° (0.5 mm), nmr 8
2 8.65 [s, 1), was prepared in 92%  yield from theZ  acid and thionyl

30  chloride.
; /  1 (Zi-3-Brorno-l-diazo-4-phenyl-3-buten-2-one (4).— A solution

/  of 3.9 g (16 mmol) of the above acid chloride in 25 ml of ether was
“A y  added dropwise to a solution of 38 mmol of diazomethane in 120

CH3O C O v > r A )  ml of ether. After standing 2 hr at 0 ° , the solution was concen-
| \ trated and a total of 2 .0  g (50% ) of diazo ketone 4 , mp 69- 71°,
i  was obtained in two crops. Recrystallization from ether-pentane

N—n  gave yellow needles: mp 7 1-72°; PKBr 2080 (COCHN2), 1630
H cm " 1 (CO); 8 (CDCfi) 6.25 (s, 1 ), 7.35 (m, 3 ), 7.8 (m, 2 ), 8.10

32 ppm (s, 1).
A nal. Calcd for CioH7BrN 20 :  C, 47.84; H .2 .8 1 ; N, 11.16. 

Found: C, 47.58; H, 2 .83; N, 10.87.
Treatment of the acid chloride 2 8 b  with 2 mol of 3r-Bromo-3-diazoacetyl-4c-phenyl-l-pyrazoline (5).-—A solu- 

diazomethane gave a very unstable oil from which an tion of 3 g (0.012 mol) of (Z)-a-bromocinnamoyl chloride in
unsaturated diazo ketone could not be isolated, but ether was added to 0.05 mol of diazomethane. After standing at

. v ,, v 1 , • 1 ■ 0 for 2  days, some insoluble material was removed and the solu-
with excess diazomethane, a pyrazolme was obtained in tion was e; aporated with the temperature not above 0 ° . Meth-
6 6 %  yi l̂d. The spectral properties did not distin- anol was added to the residue and the solution was chilled in
guish between 29 and 30, but on reaction with warm Dry Ice. The yellow solid which separated was collected, washed
acetic acid the diazepinone 31 was produced (45%). with cold methanol, and dried to give 1.6 g of pyrazolme 5,
The formation of 31 establishes the structure of the mP Recrystalhzation from methanol gave pale yellow

pyrazolme as 29, and, incidentally, provides indepen- (center line of symmetrical three-line multiplet; X p a r to f A B X ) ,
dent evidence for the correctness of structure 28b (X  = 4.67, 5.00 [eight lines, calculated centers of gravity of AB part
OH) for mesaconic acid a-methyl ester, since neither of A B X , J ab =  |18.2|, J ax =  7.4, J Bx  =  8.2  H z], 6.3 (s, 1,
of the pyrazolines that could be formed from the iso- CHN2), 7.3 ppm (s, 5, CsHs). Because of the low melting point,

• ¡¡A , ,, -n tt v  n ru T  \ u  i j  j. the compound could not be dried completely for analysis,meric “ß ester” (28, R  = H, X  = OCH3) could lead to A m lv Calcd for CllHsBrN (0 :  C, 45.07; H, 3.09; N, 19.11.
a  diazabicyclic ketone. Found (dried 24 hr at 25° over P20 5): C, 44.47; H , 2 .86 ; N,

The methoxycarbonyldiazepinone 31 was an orange 18.44. 
solid, appreciably soluble in water. The spectral Treatment of the unsaturated diazo ketone 4 with diazometh-
properties were consistent with those of 23 and the ane,.a'J 0° for 12 hr gave a mixture of equal amounts of 4 and pyr- 
K, ,i i i . azolme 5 (by nmr analysis); these compounds were not separated
5-methy 1-6-pheny 1 derivative. The compound was by tic (chloroform-MeOH, 23:2).
not stable to storage at room temperature, and no crys- Attempted Preparation of (E )-«-Bromocinnamoyl Chloride.6— 
talline derivatives have been obtained. Attempted A solution of 6.8  g of the E  acid and 10 g of oxalyl chloride in 10
hydrolysis of the ester group with aqueous carbonate ml of ether was refluxed for 24 hr. After evaporation, 2 g of the
r n , , . ,• r- , i • unreacted E  acid was recovered; distillation at 88 (0.7 mm)followed by neutralization gave an orange solution [cf ref 5. reaction time 30 min at 50°, distillation at 100-101°
from which nothing was extracted With chloroform. In  (2 mm)] gave 1 g of acid chloride which by nmr was a 1 : 1 mix-
PMSO solution containing sodium methoxide, the nmr ture of E  and Z  isomers. With thionyl chloride at 4 0 -50°, the
spectrum of 31 was transformed completely to a spec- acid was recovered unchanged; at 60-70°, crude solids were
trum corresponding to that expected for the 1,5-dihydro
• rrvL • v i  • __ __v i t  (15) M . G. Pleiss and J. A . M oore, J .  A m e r .  C h e m . S oc ., 90, 1369 (1968).
isomer 32. The equilibrium 31 32 appears to he (i6) j. a. Moore, Trans.N. Y .A cad.sa., *7 , 5 9 1  (isas).

(17) General procedures are g iven in  paper 22 of th is  series: J. A . M oore ,
(13) W . Cocker and A . K . Fateen, J .  C h em . S oc., 2630 (1951). R . W . Medeiros, and R. L . W illiam s, J .  O rg . C h e m ., 31, 52 (1966).
(14) R . Anschutz, J u s tu s  L ie b ig s  A n n .  C h e m ., 353, 139 (1907). (18) H . Staudinger and E . O tto , C h em . B e r .,  44, 1634 (1911).
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obtained which gave nmr spectra consistent with the C6H 6-  Treatment of 11 with methanolic NaOH overnight at 30° gave 
CHCl-CHBrCO system. the methoxyacetylpyrazole 10.

3r-Bromo-3-diazoacetyl-4f-phenyl-l-pyrazoiine (7).—The Separation of ( E ) -  and (Z)-a-(Ethoxycarbonyl)cinnamic Acids,
mixed anhydride (6 ) of (7?)-a-bromoeinnamic acid9 was prepared —A mixture of (E'j- and (Z)-a-ethoxycarbonylcinnamic acids
from 2.27 g (0.01 mol) of the E  acid, 1.08 g of ethyl chloroformate, (benzylidene malonic acid monoethyl esters) was prepared from
and 1.03 g of triethylamine in dry ether. After filtration of tri- ethyl potassium malonate, benzaldehyde, and acetic acid .7
ethylamine hydrochloride, the ethereal solution was concentrated The mixture contained Z  and E  acids in a 63 :37  ratio (by nmr). 
and was added to an ethereal solution of diazomethane (0.04 mol) The mixture, 13 g, was suspended in 300 ml of water, and a 
at 0 ° . Gas evolution was observed immediately after addition. total of 5 ml of concentrated aqueous NHjOH was added in
The mixture was kept in a refrigerator for 2 days. After remov- small portions until a clear solution was obtained. Solid BaCl2
ing some precipitate by filtration, the ethereal solution was con- was added to the solution until saturation. After the solution
centrated under reduced pressure at 0° bath temperature. The was stirred for 3 hr, the white precipitate was collected and
yellow crystalline residue was collected, washed with cold meth- washed with saturated aqueous BaCl2. This barium salt was
anol, and dried to give 0.9 g (31% ) of crude pyrazoline, mp 90° decomposed with 2 N  HC1 and the oily acid was extracted with
dec. Recrystallization from methanol gave pale yellow crystals: ether. The ethereal solution was washed with water, dried, and
mp 90° dec; vkbt 2110, 1630 cm -1; S (CDC13) 7 .4 -6 .7  (m, 5, evaporated to a colorless residue which crystallized on cooling,
aromatic H ), 6.22 (s, 1, COCHN2), ¿¡a 5 .17, Se 4.78, <5x 3.90 I t  was washed with pentane and dried to give 6 g of the crude Z
ppm ( J ab =  |17.7|, / ax =  6.3, J bx =  1.5 H z). acid (a-ethoxycarbonyl-frans-cinnamic acid, 12): mp ca . 85°;

A nal. Calcd for C„H 9BrN 40 :  C, 45.07; H, 3 .09 ; N , 19.11. 5 (CDC13), 10.8 (s, 1, COOH), 7.93 (s, 1, C H = C ), 7.44 (s, 5),
Found: C, 44.49; H , 2 .93 ; N , 18.45 . 4.37 (q, J  =  7 Hz, 2, CH2), 1.26 (ppm (t, J  =  7 Hz, 3 , CH3).

(Z)-l-Diazo-3-phenoxy-4-phenyl-3-buten-2-one (8).— (Z)-a- After several recrystallizations from benzene and pentane, the
Phenoxyeinnamic acid,19 mp 180°, 7.2 g (0.03 mol), was con- melting point became 8 5 -8 9 ° .
verted to the anhydride with 3.25 g of EtOCOCl and 3.1 g of The filtrate from the barium salt of th eZ  acid was acidified and 
E t3N as described above, and the filtered ethereal solution of the oily material which separated was extracted with ether,
anhydride was added to a solution of 0.08 mol of diazomethane. After drying and evaporation, 3 g of solid, mp 8 0-90°, was ob-
After the solution had stood at 25° for 1 day and some amorphous tained. Nmr indicated a mixture of 90%  E  and 10%  Z  acid,
solid was removed, the solution was evaporated to give 6.0 g of After several recrystallizations from benzene and pentane, al-
yellow solid, mp 100°. Recrystallization from methanol gave 8 most pure E  acid 14, mp 104-106°, was obtained: 5 (CDC13)
as yellow crystals: mp 102-103°; vkbc 2100, 1640, 1580 cm -1; 10.67 (s, 1, COOH), 7.84 (s, 1, C H = C ), 7 .4  (m, 5), 4.32 (q,
S (CDC13) 7 .7 -6 .8 (m, 11, aromatic H +  vinyl H), 5.6 ppm (s, /  =  7 Hz, 2), 1.32 ppm (t, J  =  7 Hz, 3 ).
1, COCHN2). Ethyl 3-Diazoacetyl-4c-phenyl-l-pyrazoline-3r-carboxylate (13).

A nal. Calcd for Ci6H i2N20 2: C, 72.71; H , 4 .58; N, 10.60. — The mixed anhydride of (Z)-a-ethoxycarbonylcinnamic acid
Found: C, 72.51; H ,4 .5 3 ; N , 10.46. and ethyl hydrogen carbonate was prepared from 4 .4  g (0.02

No pyrazoline was obtained after further treatment of 8 with mol) of the Z  acid 12, as described for 6 . After concentrating
2 equiv of diazomethane for 2 days at 2 5°. the ethereal solution, it was added to an ethereal solution of

3-Diazoacetyl-4-phenylpyrazole (9).— To a solution of 1.47 g 0.05 mol of diazomethane at 0 ° . The reaction mixture was
(0.005 mol) of 3r-bromo-3-diazoacetyl-4c-phenyl-l-pyrazoline (5) allowed to warm to room temperature overnight. After removal
in 10 ml of dry methanol was added a solution of 0.36 g (2 equiv) of some insoluble material by filtration, the reaction mixture
of sodium methoxide in 10 ml of dry methanol at 0 °, and the was concentrated in.vacuo  to give a thick yellow oil, which was
reaction mixture was left standing at 0 ° . After 30 min, the stored in a Dry Ice box for 5 days. Small amounts of ether
mixture was poured into ice water and the aqueous solution was and pentane were then added and the oil was rubbed with a
neutralized with acetic acid (pH 6 ). The yellow crystalline spatula. Crystallization occurred and 4.5 g (79% ) of crude
material which separated was extracted with methylene chloride pyrazoline, mp 48°, was obtained. Recrystallization from
and the organic layer was washed with water, dried, and evap- ether-pentane gave 13: mp 5 0-53° dec; yKBr 2100, 1740, 1635
orated to give 0.55 g (76% ) of crude pyrazole, mp 150° dec. cm -1; S (CDC13) 7.2 (m, 5, aromatic H ), 6.05 (s, 1, COCHN2),
Recrystallization from methanol and water gave fine needles of 5 .0 -4 .1  (m, 3, ring H ), 3.75 (q, J  =  7 Hz, 2, CH2), 0.80 ppm
9: mp 153° dec; yKBr 3050, 2080, 1590 cm“1; S (D M SO -*) 6.5 (t, J  =  7 H z), 3, CHS).
(s, 1), 7 .2 -7 .8 (m, 5 ), 8.02 (s, 1), 13.5 ppm (s, 1). A n al. Calcd for CJ4H14N 40 3: C, 58.73; H , 4 .93 ; N , 19.57.

A nal. Calcd for CnHsN40 :  C, 62.25; H, 3 .80 ; N , 26.40. Found: C, 58.65; H , 4 .96; N , 18.85, 18.82.
Found: C, 62.09; H, 3 .81 ; N, 26.16. Ethyl 3-Diazoacetyl-4f-phenyl-l-pyrazoline-3r-carboxylate (15).

3-Methoxyacetyl-4-phenylpyrazole (10).— The diazo ketone 9, — By the procedure described above, 2.2 g of the E  acid 14 was
212 mg, was dissolved in 10 ml of methanol and to the solution converted to the pyrazoline 15. The crude solid, obtained in
was added 0.02 ml of concentrated sulfuric acid at 0 ° . Gas 94%  yield, was recrystallized from ether: mp 85-87° dec;
evolution took place immediately. After the solution had stood yKBr 2110, 1740, 1625 cm-1; S (CDC13) 7 .4 -6 .8 (m, 5, aromatic
at 25° for 30 min, white crystals appeared which were collected; H ), 5 .8  (s, 1, COCHN2), 5.54r-4.0 (m, 5, ring H +  CH2CH3),
concentration of the filtrate gave additional product; the total 1.3 ppm (t, J  =  7 Hz, 3, CH3).
yield was 210 mg (97% ), mp 200°. Recrystallization from A n al. Calcd for Ci4H i4N40 3: C , 58.73; H , 4 .93 ; N, 19.57.
methanol gave needles of 10: mp 205° with preliminary colora- Found: C, 58.68; H , 4 .94 ; N , 19.12.
tion; PKBr 3000, 1690 cm -1; S (DMSO-d e) 8.04 (s, 1, H -5), 3-Diazoacetyl-3,4-ci's-diphenyl-l-pyrazoline (16).—The mixed
7 .7-7 .2  (m, 5, aromatic H ), 4.74 (s, 2, COCH2OCH3), 3 .4  ppm anhydride of (E)-a-phenylcinnamic acid [S -̂bc (CDC13) 8.08
(s, 3, OCH3). ppm] and ethyl chloroformate was prepared from 2.24 g (0.01

A nal. Calcd for Ci2Hi2N20 2: C, 66.65; H, 5 .59; N, 12.96. mol) of the acid, 1.09 g (0.01 mol) of ethyl chloroformate, and
Found: C, 66.83; H, 5 .51 ; N, 13.02. 1.03 g (0.0102 mol) of triethylamine in dry ether. After re-

3-Chloroacetyl-4-phenylpyrazole (11).— A solution of 424 mg of moval of E t3NHCl, the ethereal solution of the mixed anhydride
9 in 5 ml of tetrahydrofuran mixed with a solution of 400 mg of 12 was concentrated and added to an ethereal solution of 0.04 mol
N  HC1 in 5 ml of T H F at 0 ° . Gas evolution began at 0° and of diazomethane. Gas evolution was observed after 2 -3  hr.
became vigorous as the solution was warmed; after standing The reaction mixture was left standing at room temperature for
at 25° for 30 min, the solution was concentrated in  vacuo. Addi- one day, filtered, and concentrated to give a yellow oil which was
tion of water to the residue gave white crystals which were col- crystallized by addition of methanol and chilling to —50°. The
lected on a filter and dried to give 433 mg (96% ) of solid, mp 185° yellow solid was collected, washed with pentane, and dried to
(darkening). Recrystallization from methanol gave 11: mp give 2.2 g (76% ) of crude 1-pyrazoline, mp 60°. Recrystalliza-
185° (darkening); vkst 3070, 1690 cm -1; S (DMSO-de) 8.1 (s, tion from ether-pentane gave pale yellow crystals of 16: mp
1, H -5), 7 .6 -7 .2  (m, 5, aromatic H ), 5.05 ppm (s, 2, 6 2 -6 4 ° ; vkb, 2100, 1640 cm "1; S (CDC13) 7 .2 -6 .5 , (m, 10, aro-
COCH2Cl). matic H ), 5.67 (s, 1, COCHN2), 5 .0 -4 .25  ppm (m, 3, did not

A nal. Calcd for ChH9C1N20 :  C, 59.88; H, 4 .11; N , 12.70. fit simple A B X  pattern).
Found: C, 60.00; II, 3 .84 ; N , 12.55. A nal. Calcd for C17H14N40 :  C , 70.33; H , 4 .86 ; N , 19.30.

Found: C, 70.25; H , 4 .84 ; N, 18.88.
3-Diazoacet:yl-3,4-frans-diphenyl-1-pyrazoline (18).— (Z )-a - 

(19) Prepared according to  "B e ils te in ’s H an d b uch ," 4 th  ed, Vo l. 10, p Phenylcinnamic acid, mp 135-138°, ip -H  (CDCb) 7.20 ppm, was
303, l i t .  mp 1 7 9 °. prepared by photolysis of the E  isomer and separated by diner-
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ential acidification.20'21 The mixed anhydride was prepared from 8 (CDCh) 7 .5 -6 .7  (m, 11, 2 Cells +  H -3), 4.86 ppm (d, J  =
22.4 (0.1 mol) of acid and converted to the pyrazoline with 0.4 mol 1.6 Hz, 1, H-4, AB of C-7 CH2, 8 a 4 .83, dd, J 3- 7A =  1-4 Hz,
of diazomethane as described for 16. Pale yellow crystals sep- 5b 4.32, d, J ab =  |16| Hz).
arated from the dilute ethereal solution after two days. A total A nal. Calcd for CnHuNjO: C, 77.84; H , 5 .38 ; N, 10.68. 
of 2 3 .5 g  of 1 8 (8 1 % ),mp 150° dec, was obtained (recrystallization Found: C, 77.93; H ,5 .3 2 ; N, 10.68.
from methanol raised the melting point to 157° dec): xKBr 2100, The ir spectrum of the hexane-insoluble solid (22) contained a 
1630 cm -1; 5 (CDCh) 7 .7 -6 .9  (m, 10, aromatic H ), 6.00 (s, 1, very small peak at 1790 cm -1 due to 20 and a broad band around 
COCHN2), 5 .3 -4 .2  (AB part of A B X , 5a 5.05, 5b 4.45, J a b  =  3000 cm-1 . This material was dissolved in methanol at room
|17.0|, J  a x  =  7.5, J b x  =  2.5 Hz, 2, 6-5 CH2), 3 .8 -3 .6  ppm (X  temperature and cooled in a Dry Ice box after addition of a small
part of A B X , 5i 3 .73, 1, H -4). amount of hexane. The white crystals thus obtained had a

A n al. Calcd for C17H 14N4O: C, 70.33; H, 4 .86; N , 19.30. very small absorption at 1790 cm -1 ; mp 125°; 5 (DMSO-d6)
Found: C, 70.14; H, 4 .73 ; N , 18.75. ~ 6 .9  (m, 11, 2 C6H S +  H -3), 5.17 (d, J  =  2 Hz, 1, H -4, AB

3-Diazoacetyl-3,4-cis-diphenyl-5-pyrazolme (17).— To a solu- of C-7 CH2, 5a 3.87, 5b  3.43, J a b  =  |ll| H z), 2.97 ppm (s, 3,
tion of 5.80 g of 1-pyrazoline 16 in 100 ml of methanol was added OCH3).
1.0 ml of 1 N  KOH (in methanol) at 0 ° . The reaction mixture The nmr spectrum in DMSO-de gradually changed on standing
was left standing at 0° for 4 hr. Dry Ice was then added and at room temperature. After 2 days, the presence of 20 and meth-
the solution was concentrated under reduced pressure to give off- anol was quite clear and after 4 days, 30%  of the methoxy protons
white crystals which were collected and washed with a mixture were present as methanol. (In CDCh, this change was complete
of ether and pentane. A second crop was obtained from the in a few hours.)
mother liquor; after recrystallization from ether-pentane, it was A n al. Calcd for Ci8HiaN20 2: C, 73.45; H , 6 .16; N, 9 .52 . 
combined with the first crop to give a total of 3.85 g (65 .5% ) Found: C, 73.78; H, 6 .18; N ,9 .4 6 .
of 17, mp 125-127° dec. The analytical sample was recrystal- 2,3-Dihydro-5,6-diphenyl-l,2-diazepin-4-one (23).— The A1- 
lized from ether and n-pentane: mp 125-127° dec; fKBr 3240, pyrazoline 16 (17.4 g, 0.06 mol) was dissolved in 100 ml of acetic
2100, 1630 cm -1; 5 (CDCla) ca. 7 (m, 10, aromatic H ), 6 .9  (d, acid, and the solution was heated at 90° for 5.5 hr. Tic showed
J  =  1.7 Hz, 1, 5 H ), 6 .4  (s, 1, N H ), 5.33 (s, 1, COCHN2), 5.18 that some starting material remained at this point and some
ppm (d, J  =  1.7 Hz, 1 ,4  H ). slower-moving products were being formed. Acetic acid was

A n al. Calcd for C n H b ^O : C, 70.33; H , 4 .86 ; N, 19.30. removed by distillation at reduced pressure. Addition of meth-
Found: C, 70.18; H ,4 .9 6 ; N, 19.13. anol to the residue gave dark orange crystals which were col-

3- Diazoacetyl-3,4-irans-diphenyl-5-pyrazoline (19).— To a solu- lected, washed with methanol, and dried to give 6.5 g (47% ) of
tion of 580 mg of the 1-pyrazoline 18 in 10 ml of T H F and 10 ml crude 23, mp 195-198° dec. The diazepinone was recrystal-
of methanol was added 0.2 ml of 1 N  KOH. The mixture was lized from ethanol: mp 195-198° dec; vitBr 3200, 1630 cm -1 ;
left standing at room temperature for 4 hr; tic showed that some 5 (DMSO-d6) ~ 7 .1  (m, 12, 2 C6H 5, H-7 and N H ), 3.92 ppm (s, 
18 remained and that a second product, slower moving than 22 , 2, CH2).
was also being formed. After neutralization of the reaction A nal. Calcd for CnH^NjO: C, 77.84; H, 5 .38 ; N , 10.68. 
mixture, it was concentrated to give a yellow crystalline residue. Found: C, 77.92; H ,5 .4 1 ; N, 10.59.
Recrystallization from methanol gave 255 mg (44% ) of 5-pyr- 2-Acetyl-2,3-dihydro-5,6-diphenyl-l,2-diazepin-4-cne was pre
azoline (5%  impurity by nmr), mp 130° dec. Recrystallization pared by treatment of 23 with acetic anhydride and pyridine for
from methanol gave pure 19: mp 133° dec; rKBr 3230, 2100, 3 hr at 26°. After pouring the solution into ice water, the prod-
1625 cm -1; 5 (CDCI3) 7 .7 -7 .0  (m, 10, aromatic H ), 6.83 [d, uct was collected and recrystallized from chloroform-hexane as
J  =  1.5 Hz, 1, H -5], 6.67 (s, 1, N H ), 5.33 (s, 1, COCHN2), light orange crystals: mp 158-160°; run, 1700, 1670 cm -1 ;
4.73 ppm (d, J  =  1.5 Hz, 1, H -4). 5 (CDCh) 7.48 (s, 1, H-7), 7.15 (m, 10), 4 .8  (s, 2 ), 2.45 ppm

A nal. Calcd for CuHuNiO: C, 70.33; H , 4 .86 ; N, 19.30. (s, 3).
Found: C, 70.19; H, 4 .83; N , 19.00. A n al. Calcd for C19H16N20 2: C, 74.98; H , 5 .30 ; N , 9 .21.

4- eredo-5-Diphenyl-l,2-diazabicyclo[3.2.0]-2-hepten-6-one (21). Found: C, 74.89; H, 5 .35 ; N, 8.95.
— A solution of 1.16 g of the frans-A6-pyrazoline 19 in 30 ml of Isomerization Rates of Bicyclic Ketones.— Samples of the 
methanol was treated with a solution of 300 mg (1.5 equiv) of ketones 20, 21, and 24 (0.05 mmol) were accurately weighed and 
concentrated sulfuric acid in 5 ml of methanol at room tempera- added (f =  0) to 25.0 ml of 1 N  methanolic acetic acid which had
ture. After 20 min, the reaction mixture was poured into ice been standing in a bath at 35 ±  0 .5 ° . At appropriate intervals
water and the aqueous mixture was neutralized with N aH C 02 (30, 6 0 ,1 2 0  min), the absorbance of the solution at the long-wave- 
and extracted with ether. After washing and drying, the ether length maximum of the diazepinone (410 him for 23; 401 npx
was evaporated to give a yellow residue, which was extracted for the 5-methyldiazepine) was measured on a Cary 14 spec-
with boiling hexane. Concentration of the hexane solution gave trophotometer. Plots of log A „/(A „ — A ) vs. time gave straight
white crystals of 21 : mp 80-81° ((recrystallization from hexane lines; values of k  were obtained by a least-squares calculations,
did not change the melting point); vkbi 1800 cm-1 ; 6 (CDCU) cis-4,5-Diphenyl-2-pyrazolme-l-acetic Acid (25).— A solution
7 .5 -7 .0  (m, 11, aromatic H +  H-3, AB of C-7 CH2, <5a 4.70, of 380 mg of the 4-exo-diphenyl bicyclic ketone 20 in 10 ml of
dd, J3 -7 A  =  1.2 Hz, 5b  4.42, dd, J 3 - 7 B  =  1.0 Hz, J a b  =  |16| methanol was treated with 3  ml of 1 N  methanolic KO H . On
H z), 4.32 ppm (d, J  =  1 .0 ,1 , H -4). standing at 25° the solution became yellow; after 2 hr, ice water

A nal. Calcd for CnHuN20 :  C, 77.84; H , 5 .38; N, 10.68. was added and the mixture was extracted with CH2C12 to remove
Found: C, 77.83; H ,5 .4 5 ; N, 10.78. 23. The colorless aqueous solution was acifiied and extracted

4 -e3:o-4 ,5-Diphenyl-1,2-diazabicyclo [3.2 .0]-2-hepten-6-one (20) with ether. After washing and drying, the ether layer was evap-
and 6-exo-Methoxy-4-exo-4,5-diphenyl-l,2-diazabicyclo[3.2.0]-2- orated to a crystalline residue. Recrystallization from ether-pen-
hepten-6-ewdo-ol (22 ).— The 5-pyrazoline 17 (3.85 g, 0.013 mol) tane gave 70 mg (17% ) of the cfs-pyrazoline 25: mp 150-153°
was dissolved in 70 ml of methanol and to the solution was added dec 1 recrystallization from chloroform-pentane gave crystals
a solution of 1 g (1.5 equiv) of concentrated H2S 0 4 in methanol at with the same melting point); vKBr 1730 cm -1 ; 8 (CDC13) 9.48
room temperature. After the addition, the reaction mixture was (s, 1, C 0 2H ), 7.4^6.7 (m, 11, 2 C6H 5 +  H -3), 4.87 (d, J 4-e  =
stirred at 0° for 10 min and then poured into ice water. After 10.3 Hz, 1 , H -5), 4.33 ppm (dd, J 4-5 =  10.3 Hz, J 8- 4 =  1.5 Hz,
extraction with CH2C12, the organic layer was washed with dilute 1, H -4, AB of CH2C 0 2H, 8a  4.10, d, 6b  3.62, d, J a b  =  |17| H z).
N aH C 03 solution and water, dried, and evaporated to dryness. A nal. Calcd for CnlljcNjOj: 6 ,7 2 .8 4 ;  H, 5 .74 ; N , 9 .99 . 
The yellow residue was extracted several times with boiling Found: C, 72.52; H, 5 .78; N ,9 .8 6 .
hexane. The white crystals which remained undissolved were frans-4,5-Diphenyl-2-pyrazoline-l-acetic Acid (26).'—Corn-
collected and dried to give 730 mg of hemiketal 22, mp ~ 1 2 5 ° . pound 20 (200 mg) was added to 5 ml of 30%  aqueous KOH solu-

The hexane solution was evaporated to dryness and the residue tion. The solid dissolved and then some insoluble solid separated
was slowly recrystallized from hexane to give 2.2 g (65% ) of which redissolved on addition of water. After 4 hr the colorless
off-white crystals of ketone 20 : mp 108-110°; nKBr 1790 cm -1; solution was neutralized with HC1 and extracted with CH2C12.
____________  Evaporation of the dried organic layer gave 140 mg (66% ) of

white crystalline solid, mp 153-155°. Recrystallization from
(20) R. Stoermer and G. Voht, Justus Liebigs Ann. Chem., 409, 36 (1915), ether gave pure 26. mp 153—155 , 8 (CDCh) 11.2 (s, 1, C 0 2H ),

report mp 137-138°. 7.3 (s, 10 , 2 C6H 5), 6.8  (s, 1 , H -3), 4.48 (d, J 4,5 =  13 H z, 1 ,
(21) Samples of comparable purity were also obtained from Frinton H -5), 4.15 (d, J 4,5 =  13 Hz, 1, H -4), 4.06, 3.65 ppm (AB, J

Chemical Co. =  |l7| Hz, 2, -C H 2- ) .
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A nal. Calcd for CuHi6N202: C, 72.84; H, 5 .74 ; N , 9 .99. previous preparation; 2.1 g of thick orange prisms of 31, mp
Found: C, 73.15; H, 5 .76 ; N ,9 .8 8 . 9 2 -96°, was obtained. The remaining material was absorbed

A mixture of 25 and 26 was dissolved in 30%  aqueous KOH for on a column of silicic acid and eluted with chloroform to give an
1 hr. After isolation, the nmr showed the presence of only 26. additional 5.8 g of 31 (total 45% ) and 2.6 g of unreacted 29.

Reaction of 4-endo-phenyl ketone 21 in aqueous base gave 26, Recrystallization of 31 from ether gave bright orange prisms:
mp 153-155°, ir and nmr identical with those of 26 prepared mp 95 -9 6 °; rKBr 3300, 1730,1640 cm -1; x“ ”°H 222 (e 9700), 260
from 20. (infl 3100), 322 (3000), 406 mM (2450); S (CDC13) 7 -7 .4  (br,

4,5-Diphenylpyrazole-l-acetic Acid (27).—To a solution of 520 1, N H ), 3.93 (s, 3, OCH3), 3.78 (m, 2, -C H 2, —► singlet in
mg of diazepinone 23 in 20 ml of methanol was added 4 ml of 30%  D20 ) ,  2.12 ppm (s, 3, 5-CH3).
hydrogen peroxide; part of the starting material precipitated. A n al. Calcd for C8HioN20 3 : C, 52.74; H , 5 .53 ; N , 15.38. 
After stirring for 2 days, the reaction mixture was added to water Found: C , 52.40; H .5 .5 6 ; N , 15.08.
and the suspension was extracted with chloroform. The aqueous On standing, the diazepine darkened and became gummy;
layer was treated with 2 N  HC1 until turbid and extracted with such samples were most easily purified by sublimation, 
chloroform. The chloroform layers were washed, dried, and For conversion to the 1,5-dihydro isomer 32 a solution of 91 mg 
evaporated to a syrup. Addition of ether and pentane caused (0.5 mmol) of 31 in 2 ml of dimethyl sulfoxide was treated with
white solid, mp 70-160°, to separate. Recrystallization from 0.05 mequiv of sodium methoxide (0.02 ml of 2.6 N  in methanol),
chloroform-pentane gave 40 mg of 27 (7% ): mp 170-171°; One portion of this solution was stored at 30° and the other at
vKBr 1725 cm-1; 5 (CDC1S) 12.5 (s, 1, C 0 2H ), 7.87 (s, 1, H -3), 62°. After 67 hr, the nmr spectrum of the 30° solution showed
7.5-7 .1  (m, 10, 2 CsHs), 4.75 ppm (s, 2, CH2C 0 2H ). 65 ±  10%  of the 1,5 isomer [doublets due to H-3 and H-7 at

A n al. Calcd for Ci7HuN20 2 : C , 73 .36 ; H , 5 .07 ; N , 10.07. 7.36 and 7.66 ppm vs. DMSO (S 2 .62), singlet due to H-7 in
Found: C, 73.38; H, 5 .01 ; N, 10.04. the 2,3-dihydro isomer at 7.01 ppm]. The spectrum of the 62°

Methyl 3-Diazoacetyl-3c-methyl-l-pyrazoline-4r-carboxylate solution showed no peak at 7.01 ppm.
(29).— A solution of 26 g (0.16 mol) of acid chloride 28b,14 bp The 30° solution was then warmed to 2 days at 60° and the 
66-68° (5 mm), in 120 ml of ether was added to a solution of combined DMSO solutions were poured into 25 ml of water. The
0.75 mol of diazomethane in ether. After standing at 0° for 4 mixture was extracted with CH2C12 and the extract was washed,
days, the yellow solution was filtered and concentrated at reduced dried, and evaporated to 80 mg of dark oil. Chromatography on
pressure to an oil. Addition of a few milliliters of ethanol and silicic acid gave a yellow oil which did not crystallize: S (CDC13)
scratching caused crystallization; a total of 22 g of lemon yellow 7.7 (d, J  ~  1 Hz, 1), 7.60 (d, /  — 1 Hz, 1 ), 4 .0  (m, 1, H -5), 3.8
crystals of 29, mp 7 3-74°, was obtained in several crops. Re- (s, 3, OCH3), 1.0 ppm (d, J  =  7.5 Hz, 3).
crystallization from ethanol gave crystals: mp 75 -7 6 °; vkbi 
2070, 1710, 1620; S (CDC1„) 5.82 (s, 1, CHN2), 4 .91 -3 .2  (m,
3, apparent ABC pattern of H -4 and H -5), 3.71 (s, 3, OCH3), Registry No.—4, 24302-26-9; 5,24302-27-0; 7,
1.50 ppm (s, 3, CHs). 24302-28-1; 8,24302-09-8; 9,24301-62-0; 10,24301-

A nal. Calcd for CsH,oN,03: C, 45.71; H, 4 .80; N, 26.66 . 63-1; 11,24301-64-2; 12,24302-10-1; 13,24302-11-2;
Foun*diur C -4 5 .8 0 ; H .4 .7 1 ; N , 26 45. 14, 24302-12-3; 15,24302-13-4; 16,24302-14-5; 17,

6-Methoxycarbonyl-5-methyl-2,3-dihydro-4H-1,2-diazepin-4- ’ > 10 94909 17 8 - ?n
one (31).— A solution of 20 g of pyrazoline 29 in 100 ml of acetic 24d(J2-lD -b, l a ,  243U 2 i tW , 1 9 , 24oU2 W 5 , ZU,
acid was warmed at 75-80° for 4.5 hr; tic showed that some 24302-18-9; 21, 24302-19-0; 22, 24301-65-3; 23,
starting material remained and that additional products were- 24301-66-4; 25, 24302-20-3; 26, 24302-21-4; 27,
beginning to accumulate at this point. The solution was evap- 24301-67-5; 29,24302-22-5; 31,24301-68-6; 2-acetyl-
orated in  vacuo, and reevaporated after addition, of benzene until 0  0 1 r  n v  • a o io a i cn
the acetic acid ¿dor had disappeared. The red syrup was seeded 2,3-dlhydro-5,6-diphenyl-l,2-diazepin-4-one, 24301-69-
with crystalline sample obtained from chromatography of a 7.
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_ _ _ _ _ _ _ _ _ _ _ N o te s _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

H eterocyclic Studies. 32. Som e R eactions o f  the rate of 1,3-dipolar addition of diazomethane to the
„ . . , , i r __unsaturated chloride or diazo ketone 2, in contrast to3-Diazoacetyl-4-phenyIpyrazolme. A Correction ^  ig comparable with the rate of

on l-D iazo acetyl-4 -p h en yl-3 -b u ten -2 -o n e1 acylation of diazomethane, permitting the pyrazoline 3
to compete successfully with diazomethane for acid 

A ik o  N a b e y a  a n d  J a m e s  A . M o o r e  chloride. This situation places an unfortunate re
striction on the availability of a,/3-unsaturated diazo 

Department of Chemistry, University of Delaware, ketones such as 2
Newark, Delaware 19711 T , , .. r „

In connection with the attempted preparation ol 2,
Received December 4 ,1969 several substituted pyrazolines were obtained from 3.

Reaction with methanolic hydrochloric acid, under
In the course of work on the cyclization of diazo- conditions which generally give chloromethyl ketones/

acetylpyrazolines, the unsaturated diazo ketone 2 was §ave a m ature of methoxyacetyl- and chloroacetyl-
of interest as a possible source of 5(3)-diazoacetyl-3(5)- pyrazolines from which the former was isolated; the
pyrazolinecarboxylic ester, which would arise by addi- chloroacetyl compound was best prepared m aqueous
tion of diazoacetic ester. The preparation of 2, mp etaRydrofuraii containing hydrochloric acid and 
172°, has been reported by the reaction of tram- lithium chloride. The chloro ketone was quite sensitive,
cinnamoyl chloride and a limited amount of diazo- and darkened rapidly on heating in solution with the
methane at low temperature.2 The diazoacetylpyra- formation of tarry polymeric material Efforts to
zoline 3 or the unstable A1 isomer are obtained under characterize products arising from cyclization to a
the usual conditions with excess diazomethane.2'3 1,2-diazabicyclo [3.2.0 Jheptene derivative were un-

We have repeated the procedure for the preparation successful. Attempts were also made to convert
of the diazo ketone 2 and isolated a product (A) with pyrazohnes 3, 4 and 6 into the respective 3-acetyl
melting point and ir spectrum corresponding to those PS^oles by oxidation with manganese dioxide or lead
reported.2 However, the nmr spectrum immediately tetraacetate; no products could be isolated,
ruled out the proposed structure 2, and the chloro C6H5 COCH2X
ketone derived from A  differed widely in melting point '"'T jf^
from that reported for l-chloro-4-phenyl-3-buten-2-one.4 3 — ^  N
The nmr spectra of A  and the chloro ketone were also
inconsistent with the 5-cinnamoylpyrazoline which 5X = OCH3
might arise by addition of the diazomethyl group of one 6 X=G1
molecule of 2 to the unsaturated carbonyl group of 7 X = OH
another molecule. The spectra were compatible, 
however, with a 1-cinnamoylpyrazoline unit, and
structure 4 for A  was confirmed by acylation of 3 with Experimental Section
cinnamoyl chloride.5 The formation of 4 reveals that i-Cinnamoyl-3-diazoacetyl-4-phenyl-2-pyrazoline (4). A.— To

a solution of 0.12 mol of diazomethane in ether at 0 ° , a solution 
q j j  COCHN °f 9-3 g (0.056 mol) of cinnamoyl chloride in 50 ml of ether was

C H-CH=CHCOCl 6 ^ -------- if""' added dropwise. After standing at 0° overnight, pale yellow
6 0  L  N crystals separated. These were collected and dried to give 2.5

1 g (26% ) of 4 : mp 180° dec (recrystallization from methanol-
IcH N CH'Na s ' *  If tetrahydrofuran did not change the melting point); X„,°H302mM
+ 2 2 /  3 (e 31,000), 333 (25,000); rKBl 2080, 1665, 1625 cm “1; S (CD Ch)

[C6H5CH=CHCOCHN2] I 4 .0 -4 .8  (m, 3, H -4 and H -5), 6.1 (s, 1, CHN2), 7 -8  (m, 12,
2  aromatic and vinyl).

B .— Ether solutions of 3-diazoacetyl-4-phenylpyrazoline (3), 
C6H3. .COCHN2 214 mg (1 mmol), and 84 mg (0.5 mmol) of cinnamoyl chloride

| if were combined and allowed to stand. Evaporation gave 124
L m mg (72% ) of the cinnamoylpyrazoline 4 , mp 180° dec, ir same as

N*' that from A.
j A solution of 4 in methanol containing sodium methoxide was

C6H5CH=CHCO allowed to stand overnight, and the pyrazoline 3 was isolated.
l-Cinnamoyl-3-chloroacetyl-4-phenyl-2-pyrazoline.— A solution 

____________  of 200 mg of the cinnamoylpyrazoline 4 in 3 ml of tetrahydrofuran
(1) Supported by Grant G.P. 5219 from the National Science Founda- was treated with 2 ml of concentrated hydrochloric acid. After

tion. gas evolution subsided, the solution was warmed briefly and then
(2) J .  H. Wotiz and S. N. Buco, J .  Org. Chem., 20, 210 (1955). diluted with water. The resulting solid was collected and re-
(3) J .  A. Moore, ibid., 20 ,1607 (1955). crystallized from methanol to give colorless prisms of the title
(4) A N. Nesmajanov, M. I. Kybinskaya and N. K . Kochetkov, Izv. compound: mp 180°; r KBr 1700, 1660, 1620; S (CDCh) 4 .0 -4 .7

Alcad. N auk. SSSR , Otd. Khim . Nauk, 1197 (1956); Chem. Abstr., 51, 5727 ^  4  7 (s 2) 7~8 (m  12)
„ T , .  , . .. , .  . Anal. Calcd' for CmH i,C1N20 2: C, 68.09; H , 4 .86 ; N,(5) N ote Added in  P roof.— I n a paper which became available to us J "  ' * ^  1 ’ 1

after this note was submitted, M. Itoh and A. Sugihara, Chem. Pharm . 7 -9 4 * *O U nd: H , 4 .8 8 ;  JN, 7 .8 2 .
Bull., 17, 2105 (1969), report a similar conclusion about 4. Our findings Treatment of this l-cinnamoyl-3-chloroacetylpyrazoline with
agree in all respects with those of Itoh and Sugihara. 1 equiv of bromine in chloroform solution gave, after the usual
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isolation procedure, 440 mg (85% ) of l-(2,3-dibromo-3-phenyl- (IV). Compound II had to be heated for 24 hr before
re a c tin g  en tire ly  to  give 2 -ch lo ro -3 .m o rp h „ li„ „ cy clo -  

2), 5.63, 5.88 (dd, 2, AB, |/ab| =  11.5 Hz), 7 .2 -7 .5  (m, 10). h exene (V ).
Anal. Calcd. for C2oHnBr2ClN20 2: C, 46 .86 ; H , 3 .34. Compound III exists in two isomeric forms, a and (3. 

Found: C, 46.92; H, 3.49.
3-MethoxyacetyI-4-phenyl-2-pyrazoline (5).— A solution of Cl

1.07 g of 3 in 20 ml of methanol was treated with 2 ml of 1 AT ______ Br ______ j
methanolic hydrochloric acid. After gas evolution ceased, the /  V I p. /  \ 7  ■Br
solution (two spots on tic) was diluted with water. After ex- \ ___  /  U  \ /
traction, e tc ., evaporation of the ether gave 260 mg of colorless \  \
crystals, mp 115-118°. Two recrystallizations from ether- jjja  jrra
petroleum ether gave needles of 5: mp 120-122°; rKB, 1650
cm-h S (CDCla) 3 .4  (s, 3 ), 3 .4 -4 .5  (m 3), 4  5 (apparent doublet, In an earlier brief rep0 rt2 it was indicated that the
2-Hz separation, probably center of AB dd), 6.8  (s, 1, N H ), , „ • , % ,,
7 .2  (s, 5 ). a  and p isomers react stereospecifically with aqueous

Anal. Calcd for C12HhNAV. C, 66.03; H , 6 .59 ; N, 12.84. silver nitrate to give from one isomer only silver chloride 
Found: C, 65.84; H .6 .2 5 ; N, 12.94. and 2-bromo-3-hydroxycyclohexene and from the other
, ^:Chlf ? ace^ i i 'phef?l.'i:P.yr“ on” e /^ rr To a solution of isomer only silver bromide and 2-chloro-3-hydroxy-
1.07 g of 3 and 2.1 g of LiCl in 10 ml of T H F and 5 ml of water i PYf)T, „
was added 4.5 ml of 1 A  hydrochloric acid. The two-phase mix- V  ' „ . ,
ture was stirred for 2 hr and then extracted, etc. Evaporation .  ̂ w as n OW of in te re st to  d eterm in e w h e th e r th ese
gave 0.8  g of white solid still containing an ir peak at 2080 cm -1 . isom ers again  w ould exh ib it th e  sam e stereosp ecificity
Crystallization from ether-pentane gave crystals of 6 : mp 97° in  th e ir  re a ctio n  w ith  m orp holine an d  to  d eterm in e th e
(darkening at 6 0 °); one spot tic (corresponding to faster moving p ro d u cts  of th is  re a ctio n  
spot in tic of reaction mixture from 5); 6 (CDCh) 3 .3 -4 .5  (m, 3), F  r ,  j  ttt ' i i
4.5 (apparent doublet), 6.75 (s, 1 , N H ), 7.2  (s, 5 ). Analytically C om p ou nd  III w as p rep ared  b y  ad din g d ibrom o- 
pure material was not obtained since prolonged drying caused ch lo ro m eth an e  to  a  m ix tu re  of cy clo p en ten e  an d  p o ta s-
decomposition. sium  i-b u to xid e  a t  0 °. C ru d e  III w as purified b y  v a c -

Araa?. Calcd for ChHhC1N20 :  C, 59.33; H , 4 .98 ; N, 12.58. uum d istillation  a t  te m p e ra tu re s  low  enough to  avo id
r ,  , > 59.82, 4 .92 , ,1 2 .1 2 . thermal rearrangement3,4 to the bromochlorocyclo-
T he hydroxyacetylpyrazohne 7 was prepared from 3 m aqueous , _ .  , 6  , . . . J

T H F plus 1 N sulfuric acid. A viscous oil was obtained. After hexenes. The ir spectrum and bromine unsaturation
purification on a 20 x  20 cm, 2-mm-thick silica gel plate (CHC13-  tests indicated the absence of unsaturation.
MeOH 2 3 :2 ), the product remained an oil. Treatment with Reaction of III with refluxing morpholine (118°) for 
phenyl isocyanate gave the N-phenylcarbamate ester of 1-N- 5  mjn g av e  an exothermic reaction and the precipita-
phenylcarbamoyl-3-hydroxyacetyl-4-phenylpyrazolme: mp 257 ; ,• f  „  , . .  ..
i/KB, 3100 1720 1660 cm -1 . 1 tion of morpholinehydrobromide. Quenching of the

Inal. ’ Calcd for C25H22N40 , :  C, 67.86; H, 67.86; H, 5 .01 ; reaction with water and neutralizing with hydrochloric
N, 12.66. Found: C, 67.65; H ,5 .1 6 ; N, 12.44. acid afforded 46% V  and 32% the less reactive isomer

. III/3. The rapid reaction of the reactive isomer of
No- 2, 24265-11-2; 3, 24285-72-3; 4, H I wjtdl morpholine was similar to the reactivity of

24265-73-4; 5, 24265-74-5; 6 , 24265-75-6; 1-cin- I under identical conditions.
namoyl-3-chloroacetyl-4-phenyl-2-pyrazoline, 24265-76- The unreactive isomer was obtained by fractional 
7» l ‘ (2,3-dibromo-3-phenylpropionyl)-3-chloroacetyl-4- distillation and its purity was ascertained by the vpc
phenyl-2-pyrazohne, 24265-77-8; N-phenylcarbamate and jr and nmr gpectra. The ir spectrum of the unreae-
ester of l-I\-phenylcarbamoyl-3-hydroxyacetyl-4-phe- five isomer lacked the following peaks present in the
nylpyrazohne, 24265-78-9. mixture of isomers: 10.52, 10.87, 11.77, 12.75, and

13.33 fi. Further spectral details are described in
--------------------  Table I. The nmr of the unreactive isomer also lacked

. . .  a peak at 5 2.05 which was present in the nmr of the
Reaction of 6,6-DihalobicycIo[3. 1 .0]hexanes mixture of I l ia  and 111/3. Reaction of this isomer with

with Morpholine1 morpholine at 128° gave no immediate reaction as
determined by vpc analysis. After 24 hr the reaction 

Stanley R. Sandler was complete and afforded 62% IV. The reactivity
of this isomer was similar to the reactivity of II  with 

The Central Research Laboratory, Borden Chemical, Division of morpholine.
Borden, Inc., Philadelphia, Pennsylvania 19124, and the Temple j n study of the epimeric 7-chlorobicyclo [4 10]- 
Vniversity Technical Institute, Philadelphia, Pennsylvania 19122 heptaneS; crigtol and e o w o r k e r s 6  suggested that the

„  . , loss of the halide ion trans to the hydrogen atoms at
9 ' 1969 C-2 and C-4 is preferred by a large factor. Schleyeff

, ,, has observed a similar order of reactivity in the solvoly-
JNo reports appear in the literature covering the . „ ,. . . , ,, • n , r.1, ,

i- t xv. 1 v  1 0 1  mu -4-l • sis of the epimeric monotosylbicyclo [4.1.0 heptanes,reaction of srem-dihalobicycloA. 1 .0 Jhexanes with amines ^ • , 1 f , ,, , t „ ,. • XT , ... . j  j  • ,■ rr,, • , , Cnstol further reasoned that, on the basis of the ratesto give N-substituted derivatives. This report de- c , , . , . ,  , , , c0 • , • , ,• •,., ,, ,. p , ,. ... 1 .. ,, of solvolysis (carried out at 124.6 m glacial acetic acid-scnbes the reactions of morpholine with the 6,6-di- ,. J f  , , , , - i ni /t\ c e a- li /tt\ , e , „ A  sodium acetate), the same halogen leaves m 7,7-bromo- (I), 6,6-dichloro- (II), and 6-bromo-6-chloro- , . , , ,  ,  n],
bicyclo[3.1.0jhexanes (III) at 128°. bicyclo[4 .i.Ujlieptane.

Compound I readily reacted with morpholine at (2) p. s. skeii and s. r . Sandier, j. Amer. cum. Soc.. so, 2024 (1958). 
128° in 5 min to give a heavy precipitate of morpholine s- R- Sandier, chem. ini. (London), i48i (1968).
i i T  a o U o v t  i t  (4) S. Winstein and J .  Sonnenberg, J .  Org. Chem.., 27, 748 (1962).
hydrobromide and 2-bromo-3-morpholmoeyelohexene (5) g j  Crisfcol) SeqUeira, and c. h. DePny, j . Amer. Chem. Soc

87, 4007 (1965).
(1) For the previous paper on the reaction of pem-dibrcmocyclopropanes (6) P. von R. Schleyer, G. W. Van Dine, U. Schollkopf, and J .  Paust,

with morpholine, see S. R , Sandler, J .  Org. Chem., 33, 4537 (1968). ibid., 88, 2868 (1966).
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T a b l e  I
E l e m e n t a l  a n d  S p e c t r a l  A n a l y s is  o f  t h e  N e w  P r o d u c t s

,----------------Calcd, %---------------- , -------------------- Found, %------------------- •
Compound C H C H Nmr Epectral data,“ 5

III  36 .80  4 .0 9  37 .07  4 .3 0  Complex at 1 .8 5 ,
(a  and 0) 2 .0 5 , and 2 .1 5  (CH2 and CH

groups in the cyelopentane 
ring)

III/3 36 .8 0  4 .0 9  36 .9 8  4 .2 7  Complex at 1 .85  and 2 .1 5
(CH2 and CH groups in the 
cyclopentane ring)

IV 50 .09  6 .7 8  49 .91  6 .6 2  Complex at 1 .75  and
1 .95 (CH2 groups in cyclo
hexene ring) complex at
3 .2  (> C H N -), complex at
6 .2  (-C H = C B r), and 
characteristic absorption for the 
morpholine hydrogens

V 59 .5 0  7 .9 4  59 .83  7 .9 4  Complex at 1 .68  and
2 .0  (CH2 groups in the 
cyclohexene ring), complex 
at 3 .1 5  (> C H N -), complex 
at 5 .9 4  (-C H = C B r), and char
acteristic absorption for the 
morpholine hydrogens

“ The integrated spectra were consistent with the assigned structure.

T a b l e  I I
T h e  T h e r m a l  R in g -O p e n in g  R e a c t io n  o f  

6 ,6 -D ih a l o b ic y c l o [ 3 .1 .0 1 h e x a n e s  in  t h e  P r e s e n c e  o f  M o r p h o l in e  
Morpho

line, Yield,
^era-Dihalocyclopropane mol Temp, °C Time, hr Product® % Bp (mm), °C tid

I (0 .100) 0 .2 0 0  128 0 .2 5  IV 100 132 1.5383
(4 .0 ) (20°)

II  (0 .177) 0 .4 0 0  128 24 V 45 118 1.5141
(4 .0 )  (25°)

I l i a  and III/3 (0 .120) 0 .2 4 0  128 1 /12 V 46 88 1 .5178
(0 .5 )  (25°)

Unreacted isomer 32 35 1.5241
(HI/3) (1 .0 )  (25°)

IH/3, (0 .0368, unreactive isomer) 0 .2 0 0  128 24 IV 62 95 1 .5360
(0 .5 ) (26°)

“ The glpc analyses of the products were obtained on an 8.5-ft column packed with 25%  silicone DC 200 on Celite at concentration P  
obtained from The Burrell Corp., Pittsburgh, Pa.

The above data suggests that the stereochemical S c h e m e  I
assignment of the reactive isomer is I l ia .  This isomer q
should lose Br~ at a rate similar to that of I, whereas / V I
the unreactive isomer III/3 should lose a Cl~ at a rate '----- K  C + I----- K  Br
similar to that of II. These conclusions are in line with ■ CBr<xr \  \
the observed rates of these isomers.2 The experimental In“  1Û
data is briefly summarized in Scheme I. -----  morpholine, morpholine,

Possible mechanisms of this reaction may either in- >r̂ cci2 \ . _HBr , ,-HCi
volve prior thermal ring opening at 128° to /3-halo-
allyl halides which subsequently react with morpholine morphoiin\ | | /— \

to give the observed products or the intermediate for- '----- - hci T  — N '^ '] \ P
„  n  \I I

________/X -*  2HN o \  v  IV

-  O - x — Q - nQ o +  V  / s * * '
1 X ± Br
T /  morpholine f  Rr

hydrohalide ----- \
—W 1-  X“ I

*  J mation of carbonium ion A  which undergoes a nucleo-
A philic attack by morpholine.
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Strong evidence exists in the literature47 to support Both vicinal and transannular addition products have
the thermal ring opening reaction of I and other g em -  been obtained, and transannular processes may dom-
dihalocyclopropanes.3 mate the overall reaction.3'4 Halogen additions to

olefins have received much attention and have been 
Experimental Section8 shown to proceed by both cationic and radical path

ways,6 but few halogen additions to medium-ring 
The dihalocarbene adducts were generally prepared by a pro- cycloalkenes have been reported, 

cedure similar to those described earlier.9" 11 The procedure • ■,, , i i ♦ ,
for the thermal ring-opening reaction of substituted pm-dihalo- Bromine adds to cis-eyclodecene m carbon tetra- 
cyclopropanes in the presence of morpholine is similar to that chloride at — 10° to form both t r a n s -1,2-dibromoCVclo-
described in a previous paper.1 The preparation of III has not decane (10% yield) and c i s -1,6-di bro mo cy clode cane
been described before and is briefly given below. (40% yield), as well as other components in a complex

6-Bromo-2-chlorobicyclo[3.1.0]hexane (III).—To a cooled 4d,e O nlv th e  transannnlnr nrodim t t r a r , *  1 fi
(0-10°) flask containing 27.2 g (0.40 mol) of cyciopentene, 150 m ixtu re . U nly  tn e  tra n sa n n u la r p ro d u ct, t r a n s -1 ,6 -
ml of pentane, and 33.6 g (0.30 mol) of potassium i-butoxide was dibromocyclodecane, has been identified in the product
added dropwise 41.70 g (0.20 mol) of dibromoshloromethane mixture obtained from (rans-cyclodecene under the
(Dow). After the addition the reaction was stirred for 2-3 same conditions.411 Both bromine6 and chlorine4“7 add
hr at room temperature, water was added, and the organic normally to cfs-cyclooctcne to produce tr a n s-  1,2-
layer was separated, washed, dried, and concentrated. The . . .  , , ,
residue upon vacuum distillation yielded 65% III, bp 53° (2.0 dinaiocyclooctanes.
mm),ii®D 1.5257-1.5298. The analysis and spectral data is des- We report here an investigation of the reactions of 
cribed in Table I. chlorine and of idobenzene dichloride,8 both under ionic

Tables I and II describe the details of the thermal ring-opening and radical conditions,6,8 with the isomeric cyclo-
maction of 6,6-dihalobicyclo[3.1.0]hexanes with morpholine at decenes. p roduct-distribution data have been ob

tained and are summarized in Table I.
Registry N o.— Morpholine, 110-91-8; I, 2568-36-7; The production of a single, vicinal addition product 

II, 23595-96-2; I l ia ,  23595-97-3; III/3, 23595-98-4; in the reaction of m-cyclodecene with chlorine, under 
IV, 23595-99-5; V, 23596-00-1. both ionic and radical conditions, contrasts surprisingly

Acknow ledgm ent.-The author wishes to express wj tb the Pred ™ a n t  formation of the transannular
his appreciation to Professor Daniel Swern of Temple ^ d ition  P f  n 0r 1° dobef en®
University, Philadelphia, Pa., for his generous help in ^chloride is the reactant. Although we do not yet 
obtaining all of the nmr spectra. hav(? en<?uSh energy data to have predicted hese

results with any confidence, the precise course ot these
(7) l . Gatlin, e . e . Glick, and p . s. Skeii, Tetrahedron, s i ,  1345 (1965). halogen additions undoubtedly depends on a delicate
(8) (a) The elemental analyses were obtained by Dr. Stephen M . Nagy. i <» » ____ . __  ____, •

Belmont, Mass, (b) Melting and boiling points are uneorrected. The nmr balance of energy requirements among competing 
spectra (neat) were recorded on a Varian A-60A spectrometer and the 5 pathways. The energy requirements for product for-
vaiues are m parts per million from tetramethyisiiane. mation from a 2-chlorocyclodecyl intermediate (cation

(9) W. von E . Doering and A. K . Hoffman, J .  Amur. Chem. Soc., 76, 6162 » . .  .
(i954). or radical) and chlorine is lower than that tor reaction ot

(10) p. s. Skeii and a . y . Garner, ibid., 78 ,3409 (1956). the intermediate with iodobenzene dichloride (or bro-
(11) p. s. skeii and a . y . G am er,»bid., 78 ,5430 (1956). mine) and for transannular hydrogen shift. W ith iodo-

____________  benzene dichloride or bromine as reactant, transannular
hydrogen shift in the intermediate is favored over direct 

R eaction s o f  C h lo rin e  and Iodobenzene product formation.9
D ich loride w ith  C yclod ecen es1 No vicinal dichloride was obtained _ from tr a n s -

cyclodecene reacting with either chlorine or iodo- 
James G. Traynham and DbWitt B. Stoke, Jr.2 benzene dichloride. The greater internal strain in the

frans-cyclodecene compared with the c is  isomer may be 
Coales Chemical Laboratories, Lou isiana State University, wholly responsible for the occurrence of transannular

Baton Rouge, Lou isiana 70808 hydrogen shifts, but geometry may be an important
factor, also. Examination of a Dreiding molecular 

Received Ju n e  18, 1969 model of /rans-cyclodecene indicates that one side of the
C = C  ir cloud is effectively blocked by the chain of 

Additions to medium-ring olefins have led to data of methylene groups in the ring, and, without severe
considerable significance for reaction mechanisms.3,4 conformational change, the initially formed intermedi-

... , , „ , , .. „. . IT . ate would not be likely to form vicinal product by a n t i(1) (a) Based on the Ph.D. Dissertation of D. B . S .f Louisiana State Uni- , . .  . „ o  u  1 t 1 A
versity, 1969. The financial assistance from the Charles E . Coates Memorial addition. 1 he large amount Ol d-ChlorO-l-CyelOdeeene
Fund, donated by George H. Coates, for preparation of the Ph.D. Disserta- formed from ¿raWS-Cyclodecene, Compared with that

“ -cyclodecene, probably is related in a similar
lahassee, Fia., Dec 1968, paper number 39. fashion to the conformations of the olefins.

(2) National Aeronautics and Space Administration Trainee, 1964-1966. Dechlorination of the tranS- 1,2-dichlorOCydodeCane
(3) For reviews of medium ring chemistry, including some additions to

olefins, see (a) V. Prelog and J .  G. Traynham, in “Molecular Rearrange
ments,’' P . de Mayo, Ed., Interscience Publishers, Inc., New York, N. Y ., (5) M. L. Poutsma, J .  Amer. Chem. Soc., 87, 2161 (1965).
1963, Chapter 9; (b) A. C. Cope, M. M. Martin, and M. A. McKervey, Quart. (6) A. C. Cope and G. W. Wood, ibid., 79, 3885 (1957).
Rev. (London), 20, 148 (1966). (7) (a) E . A. Forbes, B. R . Gofton, R . P. Goughton, and E . S. Waight,

(4) (a) J .  G. Traynham and T. M. Couvillon, J .  Amer. Chem. Soc., 89, J .  Chem. Soc., 4711 (1957); P. W. Havinga, Rec. Trav. Chim. P ays-B as,
3205 (1967); (b) M. Fisch and G. Ourisson, Chem. Commun., 407 (1965); 81, 1053 (1962).
(c) J .  G. Traynham, G. F . Franzen, G. A. Knesel, and D. J .  Northington, Jr ., (8) D. D. Tanner and G. C. Gidley, J . Org. Chem., 33, 38 (1968).
J .  Org. Chem., 32, 3285 (1967); (d) J .  Sicher, J .  Zavada, and M. Svoboda, (9) A substantial difference in the composition of the dihalocyclopentane
Collect. Czech. Chem. Commun., 27, 1927 (1962); (e) M. Havel, M. Svoboda, product mixtures formed from bromine and chlorine additions to bicyclo-
and J .  Sicher, ibid., 34, 340 (1969). (We acknowledge with gratitude the [2.1.0]pentane has been reported: R . T . LaLonde, J .  Amer. Chem. Soc., 87,
receipt of a prepublication copy of this paper from Professor Sicher.) 4217 (1965).
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T a b l e  I
P r o d u c t  C o n v e r s io n s  f r o m  C h l o r in a t io n s  o f  C y c l o d e c e n e s “

Cl Cl

cy” cal ccc c i
I n  ni> i  C1 yc

IV

,----------------Vicinal----------------- <------------ Transannular------------- -
C yclodecene R eagen t C o n d itio n ** I  I I  I I I  I V  V

cis CI2 Ionic 13 63
cis Cl2 Radical 22 29
trans CI2 Ionic 39 5 13
trans CI2 Radical 43 9 9
cis CJERICh Ionic 10 8 24
cis CeHsICU Radical 6 45
trans CeHsICh Ionic 46 10 3
trans C6H6IC12 Radical 31 32

“ Per cent. Based on starting cyclodecene, some of which was not converted into products and was removed with solvent during rotary 
evaporation. 6 Vicinal dichloride identified from nmr spectrum of mixture; probably trans, but stereochemistry not established. c One 
or more transannular dichlorides (1,4-, 1,5-, and/or 1,6-), identified from nmr spectrum. d Conditions for chlorination, ionic or radical; 
see Experimental Section for details.

product with zinc dust in refluxing ethanol gave a was maintained while chlorine gas (0.05 mol; Matheson, 99 .5%

Mixture of cyclodecenes (78% tr a n s  and 22% « * ) .»  S * ™ ' bit“ to“
Both a n t i10h and s y n ie  eliminations of bromine by zinc evolved during the reaction.12 After the chlorine flow had been
dust have been reported; in the 10-membered ring, discontinued, the flow of 0 2 or N2 was continued for 30 min
sy n  elimination appears to be the preferred process for longer to sweep out any remaining HC1 and Cl2. The solvent
. , , . , . j i i i - , .  tx • • and unreacted cyclodecene were removed by rotary evaporation,
both debromination and dechlorination. It is lm- and the product mixture was distilled at reduced pressure. The
portant to note that vicinal chlorine addition to c is -  distillate fractions were examined by ir and nmr techniques and
cyclodecene (no zinc or zinc chloride) is an a n t i  process were identified as 3-chloro-l-cyelodecene, frans-l,2-dichloro-

( 1 ^ 1 , ¡bichloride) but zinc- and iodide-promoted 
dechlorinations of the dichlonde are predominantly distribution data.
sy n . In a representative experiment, distillation of the product mix

ture obtained from «Is-cyclodeoene gave two fractions, A [bp 
Exnerimental Section 51-55° (0.15 mm), 1.09 g ], and B  [bp 71-83° (0.15 mm), 6.55 g ] .

** Element analyses (within 0 .3%  of calculated values for C and H)
For gas chromatography, a Beckman Model GC-5 instrument and nmr spectra revealed that fraction A was essentially pure

equipped with a thermal conductivity detector and a 12 ft X  3-chloro-l-cyclodecene (13%  yield) and fraction B  was essen-
7> in. column packed with 5%  Carbowax 20M on 60-80 mesh tially pure Zrans-1 ,2-dichlorocydodecane (63%  yield). In  like
Chromosorb P  was used. Ndclear magnetic resonance (nmr) fashion, distillation of the product mixture from trans-cyclo
data were obtained with Varian Model A-60A and HA-100 in- decer e gave two fractions, C [bp 35-38° (0.10 mm), 3.40 g],
struments with the assistance of M r. W . Wegner, and chemical identified as 3-chloro-l-cyclodecene (39%  yield), and D [bp
shifts are reported in parts per million relative to tetramethyl- 63-66° (0.10 mm), 2.00 g], which partially crystallized on stand-
silane internal reference (negative sign indicates downfield). ing. The solid (0.56 g) was recrystallized from hexane: mp
Infrared (ir) spectra were recorded on a Perkin-Elmer Model 101-103°. I t  was subsequently identified by element analysis,
137 instrument. Melting points were obtained with a Thomas- nmr spectrum, and derivitization as frons-l,6-dichlorocyclode-
Hoover apparatus and are uncorrected. Element microanalyses cane (IV, 5%  yield). The liquid portion of D (1.44 g) gave an
were performed by M r. R . Seab in these laboratories and are nmr spectrum with an A :B :X  proton ratio of 8 :8 :2 ,  indicative
reported as the average of three determinations. of transannular dichlorides.4a Thin layer chromatography with

Molecular Chlorine Additions.— For 10 min, oxygen (for hexane solvent on silica gel plates activated at 120° immediately
ionic conditions)6 or nitrogen (for radical conditions)5 was ad- before use revealed two components in the liquid fraction in a ratio
mitted through a sintered-glass dispersion tube and bubbled of 9 : 1 .
vigorously into a solution of cyclodecene10 11 (0.05 mol) in carbon Reaction of chlorine with frans-cyclodecene (but not with cis- 
tetrachloride (100 ml) in a 38 X  200 mm test tube. For the rad- cyclodecene) formed 0.5 g of a white, flocculent solid, which
ical reaction, the solution was irradiated with a clear 150-W crystallized from chloroform-methanol to give colorless needles
light placed 4 in. from the test tube. The gas flow ( 0 2 or N2) not melting below 330°. A nal. Found: C, 65.00; H , 11.05.

(10) (a) Dechlorination of irans-1,2-dichIorocyclodecane with potassium (12) The exit gas reacted with aqueous silver nitrate to form a white pre-
iodide in refluxing Cellosolve (50 hr, 88%  conversion) produced a mixture cipitate and turned wet blue litmus paper red, but it did not affect wet
of 90%  trans- and 10% cts-cyclodecene (T. M. Couvillon, Ph.D. Disserta- starch—iodide paper.
tion, Louisiana State University, 1966, p 82). In  the cyclohexane system, (13) (a) Vicinal and nonvicinal dichlorides are readily distinguished from
elimination of bromine by potassium iodide has been shown to be more stereo- each other by the ratio of signals for CICCH2 and for CH2CH2CH2 in the
selective {anti) than elimination by zinc dust.10b (b) C. L. Stevens and J .  A. nmr spectrum of the product.4*1 (b) No evidence for the presence of any
Valicenti, J . Amer. Chem. Soc., 87, 838 (1965). other chlorocyclodecenes was obtained, and the nmr spectra appear to  ex-

i l l )  cis- and frans-cyclodecene were prepared as described by J .  G. Trayn- elude isomers of I within the detection limits of the nmr spectrometer, (c)
ham, D. B . Stone, and J .  L. Couvillion, J .  Org. Chem., 32, 510 (1967). Re- The products do not interconvert readily. Under the conditions of these
evaluation of the stereoselective dehydrochlorinations of chlorocyclodecane experiments, neither CI2 nor HC1 added to 3-chloro-l-cyclodecer.e. Dichloro-
revealed that the predominant olefin comprises 93-94%  of the product mix- cyclodecanes decomposed during attempted gas chromatography, but they
ture- appeared to be stable to the chlorination reaction conditions.
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This solid is insoluble in benzene, carbon tetrachloride, and R eaction s o f  Phosphorus Azides w ith
chloroform and is assumed to be a low molecular weight polymer
containing chlorine. A ctivated  A lk yn es1

Ionic Reaction of Iodobenzene Dichloride8 with Cyclodecenes.
— For 10 min oxygen was admitted through a sintered-glass dis- K . Darrell B erlin , S. Rengaraju,2 and T heodore E . Snider8 
persion tube and bubbled into a solution of cyclodecene (0.05
mol) in carbon tetrachloride (30 ml), iodobenzene dichloride _  . . ,  , , #
(0.05 mol) was added to the solution, and the oxygen flow was Department o f  Chemistry Oklahoma State University,
continued until the insoluble iodobenzene dichloride had dis- Stillwater, O klahoma 7 f0 7 f
appeared (approximately 36 hr). Hydrogen chloride was evolved
during the reaction. The solvent was removed by rotary evap- N agabhtjshanam M andava
oration, the product mixture was distilled at reduced pressure,
and the distillate fractions were examined by ir and nmr tech- j7 Department o f Agriculture,
niques. Table I summarizes the product distribution data. Agricultural Research Service Crops Research Division,
Some of the distillate fractions were mixtures; a low-boiling Beltsville, M aryland 80705
fraction contained isomeric chloroiodobenzenes8 as well as 3- 
chloro-l-cyclodeeene, and the dichlorocyclodecane fraction from
a's-cyclodecene was a mixture of vicinal and transannular di- Received October 1, 1969
chlorides.13 These mixtures were not separated satisfactorily,
but they were readily analyzed by nmr spectroscopy. Phosphorus azides are known to add to a variety of

Radical Reaction of Iodobenzene Bichloride8 with Cyclo- substituted alkenes,14-9 but there appears to be no record
decenes.— A mixture of cyclodecene (0.05 mol), carbon tetra- - , , .  , .  , .  . . .  ,, . . .  . .
chloride (30 ml), and iodobenzene dichloride (0.05 mol), con- of studies ,on  th e  reactions With alkynes, although a few 
tained in a 100-ml round-bottom flask, was degassed by a freeze- condensations of some alkynes with aryl and alkyl
thaw method to eliminate molecular oxygen. The flask was azides have been summarized.9'10 We wish to report
sealed, and the mixture was stirred with a magnetic stirrer a t that la  and the ynamine 2a react in boiling benzene to 
room temperature until the iodobenzene dichloride had dis
appeared (5 hr). Hydrogen chloride was evolved when the flask _
was opened. The mixture was worked up as described above for R^fOJNjj K C  CR
the ionic reaction with iodobenzene dichloride. The nmr spec- la, R =  C6H5 2a, R (=  (C2H5)2N; R" =  CH,
trum of the dichlorocyclodecane fraction indicated that only trans- j>t R =  C2H50  b, R' =  C2H50 ; R" =  H
annular dichlorides were present.13

Reaction with tra/is-cyclodecene (but not with cfs-cyclodecene) 2
led to the formation of 1.3 g of a white, flocculant solid, which
recrystallized from chloroform-methanol as needles which did not '  6 shPWlu! .
melt below 330°. This solid was not examined further. /  \

Product Identification. 3-Chloro-l-cyclodecene distilled a tö l -  (C2H5)2N CH3
55° (0.15 mm): nmr (DCCls) - 5 .5 0  (2 H , C = C H ), - 4 .2 1  3
(1 H, HCC1), - 2 .0 5  (4 H, CH2CC1 and CH2C = C ), and - 1 .4 3
(10 H, CH2CH2CH2), all multiplets. A n al. Calcd for CWH „- i / A a 0 7 \ r f  a m  c\ + a  1 \ a
Cl: C, 69.55; H , 9 .9 2 . Found: C, 6 9 .4 2 ; H , 10.02. yield crystalline 3 (49%). Infrared (P— 0  at 8.1 g) and
The stereochemistry of the C = C  was not determined. nmr analyses (Table I) support the structure. Rapid

The addition product identified as trans- 1,2-dichlorocyclodec- hydrolytic cleavage occurred with 3 upon exposure to
ane, bp 68-72° (0.17 mm), gave an nmr specteum (DCCh) the atmosphere to give the triazole 4 and diphenyl-
consistent only with a 1,2 isomer:4“ - 4 .3 6  (2 H, H C C 1 ),- 2 .0 8  ^ 1
(4 H , HCCC1), and - 1 .5 7  (12 H , CHjCHiCHj), all multiplets.
The signal at —4.36 was a broad, complex one from which cou- j "  3
pling constants could not be discerned, even with decoupling H304')
experiments. Partial dehalogenation of a sample of the dichlo- J  *" \ — /  ■* (%“ 5/24rt'-v0 H
ride with zinc dust in refluxing ethanol, and partial dehydrochlo- (C H I N  CH ®
rination by potassium i-butoxide in dimethyl sulfoxide solution '  2 5' 2 3
(room temperature), produced olefin (78%  trans- and 22%  cis- 4
cyclodecene from zinc reaction; 1-chloro-l-cyclodeeene from
potassium /-but,oxide reaction) and left dichloride whose nmr phosphinic acid (5). Acid hydrolysis gives 4 and 5
spectrum was unchanged from that of the starting material. jn near-quantitative yield. The broadness of the signal
since the isomeric cis- and trans- 1 ,2 -dichlorocyclodecanes are ,  , ,  , ., . , / r ,rvn i s
expected to undergo these elimination reactions at different rates, ôr d̂ie proton on nitrogen in the nmr spectrum (CDCI3)
these results are taken to be strong evidence that a single 1 ,2- of 4 suggests tautomers with the hydrogen on N -l and
dichloride was formed in the addition reaction. Since cis-1,2- N-3. Although isomers 3 and 6 are possible from reac-
dichlorocyclodecane (synthesized by refluxing a mixture of cis- tlon of la  and 2a, evidence favors 3. Several types of
diol excess thionyl chloride and dioxane14) is a solid imp 8 4 .5 - m o lecu lar m odels in d icate  a  strong probability of non-
86.0 ; nmr (DCCh) —4.96 (HCC1) , the addition product is , , . , .. , . f , „  TT . ,
¿rores-1,2-dichloroeyclodecane. bonded interaction between the (C6Hs)2P(0) and

¿raras-l,6-Dichlorocyclodecane (mp 101-103°) crystallized (C2H5)2N groups in 3 and between the (CeH5)2P(0) and 1
from a distillation fraction [bp 63-66° (0.10  mm)] from some of CH 3 groups in 6, respectively. Restricted rotation
the chlorine additions. The nmr spectrum (DCC1S) reveals an aro u n d  the P -N  and C 6H5-P  bonds in 3 and 6 might
A :B :X  proton ratio of 8 :8 :2 ,  consistent with a 1,4-, 1,5-, or
1,6-dichloride structure.4“ A portion of the dichloride was con
verted into /rans-l,6-bis(phenylthio)cyclodecane,  ̂ mp 101—103 we gratefully acknowledge support from the Public Health Service,
(mixture of lra»S-l,6-dichloro- and ira«S-l,6 -bis(phenylthio)- Cancer Institute, Grant CA 07202-07. 
cyclodecanes, mp < 9 3 ° ) . (2) Research Associate, 1968-1970.

(3) Predoctoral Candidate, 1969-present.
(4) K . D. Berlin and L. A. Wilson, Chem. Ind. (London), 1522 (1965).
(5) K. D. Berlin and L. A. Wilson, Chem. Commun., 280 (1965).

Registry No.— m-Cyclodecene, 935-31-9; trans-cy- (6) K. D. Berlin and M. A. R . Khayat, Tetrahedron, 22, 975 (1966); 22, 
clodecene, 2198-20-1; chlorine, 7782-50-5; iodobenzene 987 (1966). , . M
i . , i . i q q o  o  (7) K . D. Berlin, L. A. Wilson, and L. M. Raff, ibid., 23, 965 (1967).

memoriae, ooZ-t (g) g, D. Berlin and R . Ranganathan, ibid., 26, 793 (1969).
(9) F . R» Benson and W. L. Saveli, Chem. Rev., 46, 1 (1950).
(10) R. Huisgen, R. Knorr, L. Möbius, and G. Szeimies, Chem. Ber., 98,

(14) D. J .  Cram, J .  Amer. Chem. Soc., 76, 332 (1953). 1014 (1965).
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Table I
60-MHz Nmr Data for Products in 5 Values (J , Hertz)

Compd CH. = C C H s CHs NH ArH CHs CHsOP

3 1 .03  t (7) 2 .2 9  s 3 .2 2  q (7) 7 .4 6  m
4 1 .06  t (7) 2 .3  s 3 .21  q (7) 1 3 .0  m b r
9 0 .9 8  1 (7) 2 .2  s 3 .1 2  q (7) 1 .38  1 (7) 4 .2 5  quintet (7)

expectedly be reflected in the chemical shift and shape of tion of phosphorus to give a POC2H5 group is at the
nmr signals for protons in the ethyl group of 3 or in the expense of 2b or an intermediate, such as 10, is not
signal for the protons on the methyl group attached to R
the ring in 6. Low-temperature studies at 0, —20, 2

XT (C2H50)2P(0)x  M TT “J
I Q ) —:p(oxc6h5)2 y j  10

(C2H5)2N CH3 (C2H5)2N readily discernible, since the reaction mixtures begin to
6 7  darken quickly when the reagents are heated, appa-

Aj. ^  rently an indication of the presence of tar. Glpc analy-
's N r  *N ses of both mixtures indicate very small amounts of

y several other products (< 5%  total) and suggest a 
C2H50 complex process.

8

-4 0 , and -  60° at 60 and 100 MHz of 3 and 4 in CC14 Experimental Section
in d ica te  in creased  b road en ing of the signals fo r the p ro - Reaction of Diphenylphosphinyl Azide (la ) with 2a. Prep-
to n s  of th e  e th y l group, a lth ou gh  th e  effect w as m o re  aration of Triazole 3 — To solution of distilled 2a (3.35 g, 0.03
p ron ou n ced  in  3. V irtu a lly  no ch an ge in  5 v alu e  o r  mol) [obtained from Fluka AG, Buchs SG bp 130-132° (760

i pri • i , v L i . i  mm) , m dry benzene (15 ml) was added a solution o_ la 12 (7.30shape of the singlet was observable for the methyl group g> ^  in dry benzene (15 ml) over 30 min at 6 0 -65° in a
OH the ring in 3 or 4. On this basis 6 IS less tenable. dry box under N2. The mixture was then boiled for 3 hr. Cooling
Moreover, the mode of addition of la to 2a appears to be to room temperature resulted in a dark brown solution, which was
similar to the condensations of para-substituted aryl dilutee to turbidity with hexane and left overnight, waereupon a
n7; dp w ith  pthnxvflcetvlene w hich  vielded  8  in  high white solid separated. The mixture was removed from the dryazide with e th o x y a ce ty ie n e , w nicn y ie iaeu  e m gn  ^  ^  ^  ^  filtered goM (gJJ7  g> 49% ) meited at
yield . _ _ 118-120°. Recrystallization from benzene-petroleum ether

Similarly, lb and 2a under identical conditions give gav e p ire 3 ,m p  120 .5- 121 .5 °. 
a liquid tentatively identified by nmr as 9, which is A nal. Calcd for C iTLaN /JP: N, 15.81; P , 8.74. Found: 
thermally unstable and decomposes upon attempted N , 15.55; P , 8 .74. _ , A n

distillation. Chromatography of 9  over neutral alum- ^  °00m temperature with 5%  HC1 (20 m?) for 30 mbi,
n iP tm  and the mixture was poured into saturated N aH C 03 solution.

\ 2 5 h  i  Ether extracts of the aqueous mixture were dried (MgSO() and
lb +  2a — ► \ /  the solvent was evaporated to give 150 mg (98% ) of 4 . Dis-

/  \  filiation gave 4, pure by tic and nmr, bp 60-70° (0.25 mm).
(C2H5)2N CH3 A nal. Calcd foTC7H 14N 4: N, 36.33. Found: N, 35.94.

9 Acidification with dilute HC1 of the aqueous mixture precipi
tated 5 (191 mg, 87% ), identified by mixture melting point with 

ina led to P -N  cleavage. Condensation of lb and 2a an authentic sample.
in th e  absen ce of so lven t n e a r ro om  te m p e ra tu re  (in itia l Reaf “ n/0of0? ietK hos^ ora,zida*e (lb)7 nn  t. . -o  i  n i \ „  ,• , /rri L i .  t\ tion of 2a (2.22  g, 0.02  mol) in dry benzene (10 ml) over a 1-hr
m ixin g  n e a r 0° fo r 2 h r) g av e  9 w hich , v ia  n m r (T a b le  I )  period was added lb (3 58 g> 0  02 mol) under N l. The tern-
examination, appeared to be of high purity. Again, perature rose to 44° and fell to 27° within the next 40 min. After
heavy decomposition of 9 ensued when distillation was another 0.5 hr, the solvent was removed to give 5.5 g of a dark
tried  evpn in a molecular still liquid. Distillation at 120—130 (O.OOo m) resulted in extensive

Ethoxyacetyiene (2b) and la or lb react when heated decomposition with a black tar produced. After the reactants
. \ . i t>.t -xi u i r were mixed and stirred at 0-10  for 2 hr under N*, the tempera-
m the absence of solvent under N 2 with heavy tar for- ture WJg raiged to and maintained at 2^ 2 6 °  for another 2 hr.
m a tio n . In  b enzene, th e  con d en satio n  is sluggish o v e r _\- jn the previous experiment, the absence of the azide band at
3 - 4  d ay s w ith  re co v e ry  of s ta rtin g  azides an d  th e  p ro - 4.61 n in the infrared spectrum of the reaction mixture indicated a
d u ction  of ta r . In te re stin g ly , lb an d  2b com bine in  a  high conversion. Nmr analysis of both mixtures prior to at-
novel b u t unknow n fashion  to  give t r i . t h y l  p h osp h ate

, ties, and thus an elemental analysis of 9 was precluded.
/—1> (C2H50)3P->0 Reaction of lb with 2b.— A solution of lb (16.3 g, 0.1 mol) and

„ y  freshly distilled 2b (7.0 g, 0.1 mol) [obtained from Farchan Re-
I, search Laboratories, bp 45-50° (749 mm ),13 nmr (neat with trace

*  (C6H5)2P(0)0C2H5 TMS) 5 1.34 (t, J  =  7 Hz), 1.47 (s), and 4.06 (q, J  =  7 Hz)] in
benzene (20 ml) was stirred and boiled for 90 hr under Nj. The 

(33%). Likewise, tar and ethyl diphenylphosphinate dark mixture was cooled to room temperature and then distilled
result from la  and 2b. Both of these data are in con- Unreacted lb (9.0 g, 55% ) and tnethyl phosPhate (6^0 g, 33% )
, , , , , . . . n * -vr were obtained and compared with authentic samples. Glpc
trast to that reported for reaction of 2b with ArJN3, ________
w h e r e  a  t r i a z o l e  r e s u l t s . 10,11 W h e t h e r  o r  n o t  e t h o x y l a -  (12) Azides la  and lb  are described elsewhere.“-*

(13) E . R. H. Jones, G. Eglinton, M. D. Whiting, and B . L. Shaw ["O r
a l )  P. Grflnanger, P. Vita Finzi, and E . Fabbri, Gazz. Chim. /fa!., 90, 413 ganic Syntheses,” Coll. Vol. IV, N. Rabjohn, Ed., John Wiley Sons, Inc.,

(I960). New York, N. Y „ 1963, p 404] report a boiling point of 49 -51“ (749)mm
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analysis of the remainder of the product on a 5 ft X  0.125 in. substituted phenol. Oxygen was bubbled through the solutions
column of 10%  Carbowax 20M on 80-100 mesh (DM CS), A-W at room temperature for 24 hr. The reaction mixtures were then
revealed small amounts « 5 %  total) of several other products. filtered, diluted to 250 ml with chloroform, and analyzed as

Reaction of la  with 2b.— A solution of la  (16.9 g, 0 .07. mol) described below,
and freshly distilled 2b (10.5 g, 0.15 mol) in 25 ml of dry benzene Salcomines in Stoichiometric Amounts.—-The catalyst used 
was stirred at reflux for 4 days under N». Petroleum ether (bp in these oxidations was bis(salicylaldehyde)ethylenediimine- 
40-60 ) was added to the mixture at room temperature, causing pyridinecobalt(II) (Table I, entry 10), and the phenol used was
a black oil to separate with a solid suspended in it. Distillation 2-methyl-6-benzylphenol. Two procedures were followed,
of the petroleum ether-benzene gave back 4.5 g (27% ) of la. (A) The catalyst (0.005 mol, 2.02 g) was slurried with 140 ml of

The black oil was redissolved in benzene and a small amount of CHC13 under nitrogen. Then 0.01 or 0.005 mol (1.98 or 0.99  g)
solid precipitated was filtered from solution. Separation and of the phenol was added as a solution (flushed with N2) in 130 ml
subsequent purification identified the solid as diphenylphosphinic of CHCI3. The initial red-purple color of the slurry did not 
acid. The benzene solution was distilled to give 5.0 g (34.5% ) change during this time, or for 0.5 hr after the phenol was added,
of ethyl diphenylphosphinate (based on la ), identified by com- The heterogeneous mixture was then flushed with 0 2 and within
panson with an authentic sample.14 5 sec it turned dark brown and became homogeneous. Oxygen

_  was bubbled through the solution for a total of 24 hr, after which
Registry «O. 3, 2 3 6 4 6 -7 0 -0 ; 4, 2 3 5 9 8 -0 1 -2 ; 9, it was filtered, made up to 250 ml with CHCI3, and analyzed as

2 3 6 4 6 -7 1 -1 . described below.
(B) The catalyst (0.005 mol, 2.02 g) was slurried with 140 ml of

(14) A general procedure for the preparation of alkyl diarylphosphinates CHCI3 under oxygen. The phenol (0.01 and 0.025 mol) was then
is available; see K. D. Berlin, T. H. Austin, and M. Nagabhushanam, J .  added and procedure A was followed from this point on. The
Org. Chem. so, 1267 (1965). mixture was brownish before and after adding the phenol and

became homogeneous after adding the phenol.
C. Analytical Methods.— The reaction mixtures were ana

lyzed for products and unreacted 2 ,6-disubstituted phenols using 
Autoxidation of Some Phenols Catalyzed methods described previously.1

by Ring-Substituted Salcomines . A qualitative test for the presence of polymers was made by
pipetting a few milliliters of the reaction mixture into 100 ml of 
methanol. The absence of a precipitate indicated that if any

D. L. T omaja, L. H. Vogt, J r ., and J . G. W irth polymers were present they were of very low molecular weight
([i?l <  ca. 0.01 dl/g).

General Electric Research and Development Center, K - l ,  , Th® 2,6-dichlorobenzoquinone could not be isolated by tic,
Schenectady, New York 12301 since h  appeared to react with itself on the tic plates to give an

insoluble product. I t  was necessary to reduce the reaction mix- 
D . i „„„„ ture with zinc-acetic acid, acetylate the corresponding hydro-

eceive ep em er 9, 1969 quinone using acetic anhydride, and identify the resulting product
from its glpc retention time, mass spectrum, and ir spectrum by 

It has been shown that salcomines (see Table I) comparison with authentic material, 
catalyze the autoxidation of 2,6-substituted phenols
selectively, to give the corresponding benzoquinones Results and Discussion

2 S -  <D P ®- f  The The results of the catalylic oxidation5 of 2-methyl-
selectivity of the salcomine catalysts was correlated, in 6_benxyl henol are show'  in Table „  A
a qualitative way, with the amounts of the mononu- , , ■ . , . ,  ,. , °
i , • trend in the conversions and oxidation products wasclear salcomine and its Ch-bridged dimer present in > , • ,  ., , ,

solution at equilibrium. observed ln P a s s i n g  from the more electron-donating
,, ,  , , ,, x i i -  . ,  ,. n ,, - _ groups as substituents on the phenyl rings of the sal-
We studied the catalytic oxidation of 2-methyl-6- ■ , , , , ,, , , • j, , , , j  n a  j . vi i i • • c comine catalysts to the more electron-withdrawing

benzylphenol and 2,6-dichlorophenol using a series of rPU , c , , .  , •” 7 ... , , , . , 1 . ,, ,, , groups. I he donor group favored higher conversions,
ring-substituted salcomines to see whether the nature ?• , ■ ,  ,, j 1 • , ,  f ,,c f. , ... , higher yields of the BQ, and lower yields of the DPQ
of the substituent would affect their selectivity or ox- . , , ,  . , . ,• , .  , , , , , , . . .  than the withdrawing groups. A  more precise correia-
idizmg power (the dichlorophenol cannot be oxidized ,• bpfwppn thp nat„ rp of +bp nroduots and the relative
with unsubstituted salcomines).1 Several stoichio- , , . ,, ■ . ,  ,. c ,, , - . strengths of the donating or withdrawing groups is notmetric oxidations of 2-methyl-6-benzylphenol were -ui , - ,* rS,  ̂ %, , . / ,  . J , , possible at this time. There were no apparent corre-
carned out using the unsubstituted pyr-salcomme and , ,• r ,, Dra , ,. TT ,, ,., ,. , , • , ^ , ,  ,, lations of the BQ to DPQ ratios with Hammett a  values,
varying the time at which 0 2 was admitted to the sys- Tc rtem J If we consider our earlier suggestion1 that BQ s arise

from reaction of the phenols with the Ch-bridged sal-
„  . , , _ . comine dimers and D PQ ’s by reaction with their mono-
Experimental Section , x ,,nuclear forms (in an equilibrium mixture), then our

Preparation and Properties.— The preparation and properties present data suggest that electron-withdrawing groups
of all of the salcomines used in this study are described in the shift the equilibrium to favor the mononuclear species
literature.1 They are readily obtained in high purity as highly , ,, pipptrfm_dmifltjn o. p-m,,™  fa v n r th e  b inu elear
colored, crystalline solids by the reaction in aquecus solution of . g g P
a cobalt salt, ethylenediamine, and pyridine with the appropriate species. This suggestion IS supported bv inspection of
substituted salicyaldehyde. The elemental analyses (C, H, a plot of per cent oxygenation vs. 0 2 pressure for the
N , Co, and halogen when present), color, and crystal form of all 3-methoxy- and 3-nitrosalcomines.4 A t atmospheric
of the salcomines used in this study were in excellent agreement pressure the methoxy derivative is more highly oxygen-
with those reported m the literature. . , . .  .~ . . ,, , . j  , j .  ,

Oxidations. Salcomines in Catalytic A m ounts.-T o a mixture a te d ’ t x -’ m ore  of .lfc 18 m  th e  C>2-bridged dimer form,
of 0.0005 mol of catalyst (based on the molecular weights shown than the 3-nitro derivative.
in Table I) in 100 ml of chloroform was added 0.01 mol of the 2,6- We considered the possibility that the formation

of a BQ or DPQ could be determined by the oxidation po- 
2731(i969f V°gt’ Jr" J °  Wirth’ and H L Fmkbeiner’ J' 0x9’ Chem" S4, tential and/or coordination geometry of either a phenol-

(2) R, H. Bailes and M. Calvin, J .  Amer. Chem. Soc., 69 1886 (1947).
(3) L. H. Vogt, Jr., H. M. Faigenbaum, and S. Wiberley, Chem. Rev. (4) A. E. Martell and M. Calvin, “Chemistry of the Metal Chelate Com-

63, 269 (1963). pounds,” Prentice-Hall, Inc., Englewood Cliffs, N. J., 1952, pp 346, 347.
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Table I
Description of the Catalysts“

*-(d ~  0 \ L o-^ 2 M '

\ / \ y  q
[  t - X  1

Registry-
Name6 no. n L Q R R ' Color

Aquo-3-fluorosalcomine 23602-19-9 1 IBO None F H Red
Pyr-3-fluorosalcomine 23602-20-2 1 Pyr None F H Red
C>2-(3-Fluorosalcomine)2 23602-21-3 2 None O2 F H Black
Pyr-5-nitrosalcomine 23602-22-4 1 Pyr None H N02 Red-brown
Pyr-3-nitrosal comine 23602-23-5 1 Pyr None N02 H Red-brown
Pyr-5-chlorosalcomine 23602-24-6 1 Pyr None H Cl Red-brown
Aquo-3-methoxysalcomine 18433-55-1 1 H2O None OCH3 H Brown
Pyr-3-methoxysalcomine 23602-25-7 1 Pyr None OCH3 H Brown
Or(3-Methoxysalcomine)2 23602-26-8 2 None 0 2 OCH3 H Black
Pyr-salcominec 18309-20-1 1 Pyr None H H Red
Oj-Salcomine“ 23602-28-0 2 None 0 2 H H Black

0 Refer to Experimental Section for references to the preparation and characterization of the salcomines (ref 1-3). 6 The chemical 
names are abbreviated in the table. The complete names for these compounds are analogous to those given previously. 1 c Reference 
1 .

Table II Table III
Catalytic Oxidations of 2-Methyl-6-benzylphenol Stoichiometric Oxidations of

Ratio 2-Methyl-6-benzylphenol°
^'0D'  BQ Mole ratios

version, BQ ,“ DPQ,6 to D{
Catalyst % % % DPQ pyr-saloomine BQ c DPQ,C Ratio of BQ

Aquo-3-fluorosalcominee 66 52 61 1 to phenol 0 2 Addition6 % % to DPQ
Pyr-3-fluorosalcomine 39 76 29 3 2 :1  After 88  19 5
Pyr-5-nitrosalcomine 20 50 21 2 2 :1  Before 78 14 6
Pyr-3-nitrosalcomine 7 47 53 1 1 :1  After 100 10 10
Pyr-5-chlorosalcomine 53 54 42 1 1 :1  Before 95 10 10
Aquo-3-methoxysalcomine° 95 82 10 8 “ j n ap cases pyr-salcomine was used and 100%  conversion of
Pyr-3-methoxysalcomine 100 94 15 6 the phenol was obtained. 6 “After” indicates that O2 was ad-
Pyr-salcomine 59 77 22 4  mitted to the system after the pyr-salcomine and phenol had been
“ 2-Methyl-6-benzylbenzoquinone. 6 3,3'-Dimethyl-5,5'-di- mixed-in CHCI3 solution. “Before” indicates that the pyr-sal-

benzyldiphenoquinone. c A duplicate experiment in which comine-CHCl3 mixture had been saturated with 0 2 before add-
0.4 ml (0.004 mol) of N,N,N',N'-tetramethylethylenediamine inS the phenol. c See Table II, footnotes a  and b, for proper 
(TM ED A) was added before adding the phenol did not result names, 
in the formation of polyphenylene ethers.

Table IV
salcomine complex or a phenol-salcomine-02 complex. Catalytic Oxidation of 2,6-Dichlorophenol
Thus the presence or absence of 0 2 during the initial stage Conversion,
of the reaction could be a critical reaction variable. This Catalyst % Products“
hypothesis was tested by running four stoichiometric Aquo-3-fluorosalcomine6 55 2,6-Dichlorobenzoquinone
oxidations in which the molar ratio of 2 -methyl-6 - +  x
benzylphenol to pyr-salcomine, and the stage at which Pyr-3-fluorosalcomine 18 2,6-Dichlorobenzoquinone
0 2 was introduced, were varied. Table I I I  shows that Py^nitrosalcomine 2 0  2 ,6-Dichlorobenzoquinone
addition of the 0 2 before or after the phenol was added rosalcomme 20 2,6-Dich orobenzoqumone
to the salcomine did not significantly affect the amounts x

or produced. Aquo-3-methoxysal- 41 2,6-Dichlorobenzoquinone
That the substituents can change the oxidation comine6 

potential of the catalyst is clearly evidenced by the 0,r(3-Methoxysal- 32 2,6-Dichlorobenzoquinone
data shown in Table IV for the oxidation of 2,6-dichloro- comine)2
phenol (unsubstituted salcomines do not catalyze the Pyr-salcomine No reacn 2,6-Dichlorobenzoquinone
oxidation of the dichlorophenol). Unfortunately, there “ “X” indicates that a second product (red-orange in color) 
is no correlation at all between salcomines containing was cet,ected on tlc- lt moved slower than the benzoquinone; 
donating or withdrawing groups and the degree of ^  composition was not determined. “X” was 25% by weight 

r  i j t i m 6  of the products using the aquo-3-fluorosalcomme and 44% by
Conversions or product distributions. weight using the pyr-5-chlorosalcomine. 6 TMEDA added as in

Polymers were not detected in any of the reaction Table II, footnote c. 
mixtures, and the presence of TMEDA during the
oxidation did not effect polymer formation (see Table Registry No.—2-Methyl-6-benzylphenol, 1208-45-3; 
II, footnote c, and Table IV, footnote b. 2,6-dichlorophenol, 87-65-0.
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Acknowledgments.— We appreciate the contribu- tion of HC1 (made by passing dry HC1 into the solvent) in the
tions of Dr. J. Y. Crivello and Dr. H. L. Finkbeiner in desired solvent was variously diluted as required for the kinetic

suggesting several possible mechanisms and expen- the solution containing HC1 in * volumetric flask thermostated at
ments to explain the bahavior of the catalysts. Dr. the desired temperature controlled within ±0.03°. Aliquots
J. R. Ladd and M. Trier prepared most of the salcomine withdrawn at various times were quenched with methanolic
ring derivatives. Professor M. Calvin gave us some sodium hydroxide, suitably diluted in methanol, and the ab-
Of the difficult-to-make 3-fluorosalicylaldehyde. A. S t a n c e  at « O rjj .w a s  measured in a 1-cm quartz cell on a Carl
■» r m  , . , , , ,1 , i , , Zeiss (Models PMQ II and M4Q III)  spectrophotometer to an
M. Toothaker isolated the acetylated 2,6-dichloro- accuracy of about 0.2%. The ultraviolet and visible spectra for
hydroquinone. Elemental analyses were performed by both amines in methanol have been found to be similar to those
the Analytical Chemistry Operation of the Research reported in ethanol.6 I t  has been established that the absorbance
and Development Center of p-nitrosodiphenylamine at this wavelength is linear with con

centration (e 16.74 X  103) in methanol in accordance with the 
Beer-Lam bert law.

K in e tics  o f  F isch er-H epp  R ea rra n gem en t Results and Discussion
The rate of the reaction was found to be first order

B. T. Baliga in nitrosamine and first order in hydrogen chloride
at a given temperature and with a given solvent

U N IR O Y A L Research Laboratories,
Ouelph, Ontario, Canada

— d [N-nitrosamine] d [C-nitrosamine]
Received A p ril 9 , 1 9 6 9  ¿j ~  dt ~

, .  , .  . [N-nitrosamine] [HC1]
I he rearrangement of aromatic mtrosammes on 

treatment with acids, particularly HC1 and HBr,
to give ring-substituted isomerides is known as the , , . , , , , , . .
Fischer-Hepp rearrangements Although at one time }vhf e * * 18 the second-order rate constant given m the

last column of Table I. Arrhenius plots of log /e 
against 1/T  in the two solvents (not shown) are linear 

^ ^ in the temperature range 30-50°, and the various
j __ | activation parameters obtained from these plots are

O j ) — N— NO —> ON— \Cj)— NH given in Table II.

fast +
this reaction was believed to be truly intramolecular, CH30H + HC1 CH3OH2 + Cl
considerable evidence accumulated in later years p^
proved this to be untrue. Thus, when the rearrange- \  + fast \+
ment was carried out in the presence of urea, no C-ni- ^N NO + CH3OH2 3*=fc ^NH NO + CH3OH
troso isomeride was produced but only the secondary Ph Ph
amine;2 also, when the rearrangement occurs in the p  ̂ p^
presence of more active foreign aromatic molecules, \+ _ slow \  fast
major transfers of the nitroso group to this molecule ,̂NH NO + Cl *■  .̂NH + N0C1 *■
have been observed.3’4 It has been found3 that the Ph Ph
conversion by H X  occurs through the liberation of p-nitrosodiphenylamine + HC1
NOX, and with HC1 and HBr the NO group is quan
titatively removed. With sulfuric acid the yields are
low, and with nitric acid no rearrangement occurs. The A  stepwise mechanism with a slow step involving the 
subsequent reaction of NOC1 with the formed secon- nucle0philic attack of chloride ion on the protonated
dary amine to give C-mtroso compound was found to N. nitr0samine requires third-order kinetics which are
be very fast. To gain further insight into the mecha
nism of this reaction, a kinetic study seemed desirable,
and the present work describes such a study on the rate = [N-nitrosamine] [II+] [C1-]
hydrogen chloride catalyzed rearrangement of N-nitro- 
sodiphenylamine to p-nitrosodiphenylamine.

first order in each, nitrosamine, hydrogen ion, and 
Experimental Section chloride ion. Since the dependence of the rate on the

concentration of chloride ion is indistinguishable from 
Eastman Kodak White Label compounds N-nitrosodiphe- h stoichiometric concentration of molecular HC1, 

nylamine and p-mtrosodiphenylamine were used. Analytical . .r , ,  . , i i v  „
grade methanol and redistilled toluene were used as solvents. ^ seemed desirable to verify this mec amsm y a g
The solvent mixture was made up by volume. The stock solu- chloride ion. The results are shown in Table III
________ where it can be seen that first-order dependence on

(1) o. Fischer and e . Hepp, Be,, is, 2291 (1886). c h l o r id e  i o n  w a s  not observed. The rate is still first
(2) W. Macmillen and T . H. Reade, J .  Chem. Soc., 585 (1929).
(3) P. W. Neber and H. Rauscher, Ann., 550, 182 (1942}.
(4) J .  Glazer, E . D. Hughes, C. K . Ingold, A. T. James, G. T . Jones, and (5) W. A. Schroeder, P. E . Wilcox, K . N. Trueblood, and A. O. Dekker,

E . Roberts, J .  Chem. Soc., 2657 (1950). Anal. Chem., 23, 1740 (1951).
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T a b l e  I
R a t e  C o n s t a n t s  f o b  t h e  H y d r o g e n  C h l o r id e  C a t a l y z e d  R e a r r a n g e m e n t  

o p  N -N it r o s o d ip h e n y l a m in e  to  p -N it r o s o d ip h e n y l a m in e

[N-nitrosamine], [HC1], -d[N-nitro9amine]/d( 104*2,!>
Temp, #C Solvent m o ll.-»  m o ll.-»  10« m o l l . - 's e c - » “ 1. mol"» sec"»

30 .0 0  Methanol 0 .1033  0 .169  1 .76  1 .03
0.0517  0 .169  0.881 1 .0 4

Toluene +  methanol
(3 :1  v /v ) 0 .0507  0 .1 4 8  2 .7 0  3 .6 0

0 .0254  0 .0 7 4  7 .0 0  3 .7 3
40 .1 8  Methanol 0 .1033  0 .1 9 4  5 .0 2  2 .7 9

0.0517  0 .1 9 4  2 .5 8  2 .8 0
0.0310  0 .1 9 4  1 .55  2 .8 6
0.0826  0 .213  4 .3 3  2 .7 8
0.1022 0 .1 1 5  3 .0 7  2 .8 1
0 .1022  0 .229  5 .8 5  2 .7 9
0.1022  0 .0687  1 .8 5  2 .8 1
0.1022  0 .1 8 3  4 .7 2  2 .7 8

Toluene +  methanol
(3 :1  v /v ) 0 .0507  0 .231  5 .5 5  5 .91

0 .0254  0 .1 1 6  1 .50  5 .81
0.0152 0 .1 8 5  1 .32  5 .7 7

50 .0 0  Methanol 0 .031  0 .0537  1 .02  6 .8 9
0.01033 0 .0716  0 .4 3 3  6 .7 2

Toluene -f- methanol
(3 :1  v /v ) 0 .0254  0 .0 8 3  1 .5 8  8 .9 5

0 .0254  0 .0 8 3  1 .6 0  9 .1 5
“ The absorbance of p-nitrosodiphenylamine at 430 mu under acidic conditions was found to decrease slowly over a period of time, 

perhaps owing to some change in molecular structure. This being the case, the rate constants were obtained from initial rates by plotting 
[N-nitrosamine] against t. The quantity in this column represents the slope of this plot a t t — 0. 5 In evaluating this constant, the 
concentrations in columns 3 and 4 have been corrected for thermal expansion of the solvent. For each run, the concentration of N - 
nitrosamine at t =  0 used to evaluate k2 is slightly lower than that shown in column 3 since some of the N-nitrosamine will already have 
been converted to C-nitrosamine when the first reading was taken.

order with respect to HC1 for different concentrations The results can be accommodated by a concerted 
in the presence of added chloride ion. The slight mechanism 
increase in rate by chloride ion can reasonably be
attributed to a salt effect. A  stepwise mechanism, \  S]0W \  „fast
therefore, seems unlikely for this rearrangement. NO + HC1 > .NH + N0C1 *•

Ph Ph

„  p-nitrosodiphenylamine + HC1
T a b l e  II *

A c t iv a t io n  P a r a m e t e r s  f o r  t h e  with a cagelike transition state for the slow step.
H y d r o g e n  C h l o r id e  C a t a l y z e d  R e a r r a n g e m e n t  o f  

N -N it r o s o d ip h e n y l a m in e  to  p -N it r o s o d ip h e n y l a m in e  Ph^SJ-r M -

U .A . I.
Solvent mol »sec-1 Ea, cal mol » cal deg »mol * Ph J ]

Methanol 9 .1  18,140 ±  ~ 6 0 0  - 1 9 . 0  ±  —2 .0  6 ------ Cl
Toluene +  methanol 8+ 8-

(3 :1  v /v )  2 .9  8 ,750  ± ~ 6 0 0  - 4 7 . 0  ±  ~ 2 .0  , ,  ,.
Since a cyclic transition state is formed from noncyclic
reactants, a negative AS* is to be expected due to the

T a b l e  III restricted free rotation about the single bonds in this
„  T „  . transition state. In addition, there may be contribu-
E f f e c t  o f  L it h iu m  C h l o r id e  Ad d it io n  on R a t e  , .  . . .  ,  , .  ,  , ,

C o n s t a n t s  f o r  t h e  H y d r o g e n  C h l o r id e  C a t a l y z e d  t l o n , ansing f,rom chf  separation whose Value de-
R e a r r a n g e m e n t  o f  N -N it r o s o d ip h e n y l a m in e  t o  pends strongly on the solvent. The observed AS
p -N it r o s o d ip h e n y l a m in e  in  M e t h a n o l  a t  50.00°“ in methanol, — 19.0 cal deg- 1  mol"1, and its con-

-d [N -nitros- siderable decrease to —47.0 cal deg“ 1 mol- 1  in toluene
amine]/di, methanol are consistent with this picture. The

moiC1L-» m tn !-»  L-»s?c°-» i. moi-m™-■ slight increase in rate with added chloride ion might
0 17 5  0 2 25 6 94 arise from a salt effect similar to that known for a
0 , 1 5 4  0.113 2.32 8  10 reaction between neutral molecules forming a dipolar
0.0765 0.113 1 . 1 9  8.24 transition state .6 The specificity of HC1 and H Br in
0.154 0.225 2.70 9 . 3 7  the Fischer-Hepp rearrangement, unlike other acids,
0.0765 0.225 1.35 9.35 can be attributed to the facile elimination of the NO
0-162 0.338 3.27 1 0 . 8  group as N O X  from a cagelike transition state.
0 .176  0 .450  4 .0 3  12 .3
0.0306 0.450 0.708 1 2 . 1  Registry No.— N-Nitrosodiphenylamine, 86-30-6.

a [N-nitrosamine] — 0.02075 mol 1. 1 for all runs. Footnotes (6) E . S. Gould, “ Mechanism and Structure in Organic Chemistry," 
of Table I apply to columns 3 and 4. Henry Holt and Co., New York, N. Y„ 1959, p 186.
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Mass Spectral Decompositions as a Guide to Experimental Section

Hitherto Unrealized Reactions in Solution. Generation of «-Methoxybenzylcarbonium Ion.— In a typical
v  - , ,  experiment, 1.0 g of «-methoxybenzyl chloride (6.4 mmol) was
Ketene Addition to the a-Methoxybenzyl added carefully to the surface of a solution of 2.0 g of SbF6 (9.2

Carbonium Ion mmol) in 2 ml of S 0 2 at —7 0 ° .4 When the methoxybenzyl
chloride had had sufficient time to cool to —70° (about 5 min), 

. .  _  _  TT ,TT the reaction vessel was shaken to give a clear, deep red, homo-
B ruce Davis and Dudley H. W illiams geneous solution. The nmr spectrum of this solution, run at

— 58° on a Varian HA 100-MHz instrument, established the 
University Chemical Laboratory , Cambridge, C B 2 1EW , England  specific formation of the a-methoxybenzylcarbonium ion: r

5.13 (s, 3), 1 .75-2 .20  (m, 5), 0.67 (s, 1).
Received December 1, 1969 Reaction of the Carbonium Ion with Ketene.— Approximately

1 equiv of ketene, generated by the pyrolysis of acetone, was 
. . passed through the carbonium ion solution at —70° over a period

Carbonium ions of the general formula 2 may be of 10 min. The product was quenched by pouring into 5 ml of
generated upon electron impact from compounds 1 ethanol at —70°; the mixture was then poured into 25 ml of
when X  is lost as a radical (e.g., X  = Br, COOCH3). water and continuously extracted with ether. The ether ex
i t  has been shown1'2 that the lowest energy pathway traot was; “ alyze<l by gas chromatography «sing a 4-ft LAC col-
. - i l l  . . .  p J  umn at 155 , and two peaks having retention times identical
for unimolecular decomposition of the carbonium ions with those of methyl and ethyl cinnamates were collected. The
is v ia  loss of ketene in a process involving methoxy- nmr and mass spectra (AEI-M S9 instrument with heated inlet)
group migration (2 —► 3 ) .  of these two fractions were identical with the corresponding

spectra of the authentic esters. The yields, based on a-meth- 
oxybenzyl chloride, were 12%  methyl and 3%  ethyl cinnamate.

\ „ _____ ,  \ h+ OMe _c a .0 * Registry No. 5,23790-70-7.

1 ~ X' n r r N  A m* --------------------------------
CH2COOMe LH2 \ 3 4

1, R = alkyl, OH, The Effect of Solvents with Basic Oxygen
OMe, QH5 jn Ep0 xidation with Organic Peroxy Acids

On the basis of the unimolecular gas-phase elimina- R ajko K avcic and Boio P lesnicar

tion of ketene from the carbonium ions 2, we reasoned
that the energy of activation of the back-reaction might Department o f  Chemistry, University o f  L ju bljana,
also be relatively low, i .e . ,  that ketene addition to a Ljubljana, Yugoslavia
a-methoxycarbonium ion, with associated methoxy- _ . , _
group migration, might be realized in a bimolecular ecewe ePiem er s> 69
reaction in solution. . , , , , , , , , , . .

The «-methoxybenzyl carbonium ion (5) was gen- The mtramolecularly hydrogen-bonded peroxy acid
erated by addition of «-methoxybenzyl chloride (4)* n u c u le  (or the dipolar form derived from it) has been
to an S 0 2-Sb F 3 mixture at -  70° ;4 formation of 5 was «cognized as the initial reactive species m the epoxida-
established by nmr spectroscopy. Approximately 1 tion reaction. .
equiv of ketene was passed through the solution at this Any reduction m the effective concentration of the 
temperature and the resulting mixture was quenched cyclically bonded peroxy acid should thus reduce the 
with ethanol. Standard isolation techniques gave a rate °f epoxidation. That epoxidation proceeds at a
12% yield of methyl cinnamate (6) and only 3% ethyl considerably slower rate in solvents capable of mter-

, molecular association has already been clearly shown by
cinnamate. RenolenandUgelstad.2

Schwartz and Blumbergs3 were the first to measure 
/  e sbp CH2j=C= 0  changes in the carbonyl frequency of m-chloroperoxy-

C6H6CH • °2"s—V  + — > benzoic acid in methylene chloride containing aceto-
\  C6H5CH OMe nitrile, suggesting intermolecular association between
^  5 peroxy acid and acetonitrile, but no further systematic

4 attempts were made, to our knowledge, (1) to confirm or
?  reject this type of association spectroscopically, or (2)

p  w ru—rvirn m  CH=CHC02Me correlate the strength of the intermolecular hydrogen
6“ 5 2 e 6 bonding with kinetic and activation parameters of

epoxidation in these solvents. The infrared and kinetic 
The gas-phase and solution reactions involving the studies to clarify this problem have been carried out and 

methoxy migration are represented as concerted only are discussed in this paper.
for convenience, and a stepwise process is not excluded. The lowering of the OH stretching frequencies and

This example demonstrates that unimolecular de- broadening of the corresponding OH stretching bands
compositions of positive ions in the mass spectrometer of p-nitroperoxybenzoic acid in ethyl acetate, diethyl
may on occasions serve as a guide to the reverse bi- ether, dioxane, tetrahydrofuran, and dimethylforma-
molecular reactions of carbonium ions in solution. mide, respectively, compared with mtramolecularly

(1) I. Howe and D. H. Williams, J .  Chem. Soc., C, 202 (1968). (1) A. Aiman, B . Borstnik, and B . Plesniiar, J .  Org. Chem., S i, 971
(2) E . G. Cooks, J .  Konayne, and D. E . Williams, ibid., 2601 (1967). (1969), and references cited therein.
(3) F . Straus and H. Heinze, Ann., 49S, 203 (1932). (2) P. Renolen and J .  Ugelstad, J . Chim. Phys., 57, 634 (1960).
(4) G. A. Olah and J .  M. Bollinger, J .  Amer. Chem. Soc., 89, 2993 (1967). (3) N. N. Schwartz and J . Blumbergs, J .O rg . Chem., 29, 1976 (1964).
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T able I
Infrared Data and K inetic Parameters of Epoxidation of ¿totìì-Stilbene (4.0-4.3 X  10 ~2 M )

WITH p-NlTROPEROXYBENZOIC ACID (4 .8 ~ 5 .2  X  1 0 ~ 2 M )  IN SOLVENTS WTH BASIC OXYGEN
Ai/oh'  ----------ki X  10*. l./mol sec-------------• E a, AS*,

Solvent DC,“ « D M ,“ jiD v K hb ( ± 8  c m - '! 20» 25» 30° kcal/mot eu, at 20°

M e th y le n e  ch lo rid e  8 . 9  1 . 5  . . .  0  5 5 .5  . . .  1 1 8  1 3 .3  —2 5 . 4
E t h y l  a c e ta te  6 . 2  1 .8 5  1 9 .1  33  2 . 7 2  4 .4 1  7 .0 9  1 6 .9  - 1 9 . 1
D ie th y l e th e r  4 . 2  1 .2 5  1 7 .6  115  0 . 8 7  1 .4 7  1 . 9 9 d 1 8 .1  — 1 7 .3
D io x a n e  2 . 2  0 . 4 0  1 6 .9  1 0 0  1 .3 7  . . .  3 . 7 0  1 7 .5  - 1 8 . 3
T e tra h y d ro fu ra n  7 . 4  1 . 7  1 6 .0  149  0 . 7 6  1 .2 9  2 . 1 4  1 8 .3  — 1 7 .0
D im eth y lfo rm a m id e  3 6 .7  3 . 8  1 4 .1  165  0 . 3 2  0 . 5 6  0 .9 3  1 8 .8  — 1 6 .7

“ F r o m  “ H a n d b o o k  o f C h em istry  an d  P h y s ic s ,”  4 8 th  ed, T h e  C h em ica l R u b b e r  C o ., C lev elan d , O hio, 1 9 6 7 . 6 F r o m  J . P e rr in , “ D is 
so c ia tio n  C o n sta n ts  o f O rg an ic  B a s e s  in  A queous S o lu tio n ,”  B u tte rw o rth  an d  C o. L td .,  L o n d o n , 1965 . » T h e  d ifferen ces in  freq u en cies  
b e tw ee n  th e  in tra m o le cu la r  h yd rogen -bon d ed  O H  a b so rp tio n  o f p -n itro p ero x y b en zo ic  ac id  in  m eth y le n e  ch lorid e (3 2 8 5  cm  2) an d  in te r -  
m o lecu lar h yd rogen -bon d ed  O H  ab so rp tio n s in  so lv e n ts  w ith  b a s ic  o xy g en . d M ea su red  a t  2 8 ° .

------------1------------1------------ 1------------ The kinetics of epoxidation of inros-stilbene with
p-nitroperoxybenzoic acid in solvents under investiga- 

- ,  _ j.1 tion was studied. The results of these measurements,
n. ~ 19 along with the differences in frequencies between the

------  n. intramolecular and intermolecular hydrogen-bonded
\ \ .  OH absorptions of peroxy acid, which have been taken
\ \  ,,, as a measure of an approximate strength of intermolec-
\ \ 3  ular association,6 are collected in Table I.

9*9 \ # Graphical presentation of the results in Figure 1
\ \  shows that the strength of intermolecular association
\ 2 \  -  17  between the peroxy acid molecule and a solvent in-

^  \  *  \  creases with increasing basicity of solvents. It is also
\  \  P^b evident that the rate of epoxidation decreases in solvents

gi 0.2 \  \ which are capable of forming stronger intermolecular
“  \  A  ̂ _ 1 5  hydrogen bonds. The energies of activation of epoxida-

\  \ tion are correspondingly higher in solvents which are
hQ \ more basic. There is a discrepancy between the ex-

\ .  \ "*■  pected and observed values only in the case of the sol-
0-1 -  0 \ .  “  15 vent pair dioxane-diethyl ether. The activation

^ x O  energy of epoxidation, as well as A poh, are higher in
diethyl ether than in dioxane. It  seems that diethyl 

4  5 ether behaves as more basic than dioxane in our system.
” ^  Similar observations were made also by other workers.6 -7

0 - 0 f r  IT1!  r f l  r r n An additional increase of the activation energy of
0 50 100 150 2U0 epoxidation in diethyl ether in comparison with dioxane

a Sl h [  cm" J as a solvent, not expected solely on the basis of stronger
^  intermolecular hydrogen bonding between peroxy acid

F ig u re  1.—P lo ts  o f lo g a rith m s o f secon d -ord er r a te  c o n sta n ts  o f and a solvent, could probably be attributed to the
ep o x id atio n  o f ira n s-s tilb e n e  w ith  p -n itro p ero x y b en zo ic  acid  in  steric retardation in approaching the olefin molecule to
so lv e n ts  w ith  b a s ic  o xyg en , and b a s ic it ie s  (P K b) o f th ese  so lv e n ts  th reactive center in the peroxy acid-solvent complex
vs. Avoh, i.e ., th e  ap p ro x im ate  s tre n g th  o f in term o lecu lar h y - , , .  ,  t  , ,  -
d rogen  b on d in g  betw een  peroxy  acid  an d  a  so lv e n t: 1, e th y l a ce - tY  methyl groups o f  diethyl ether.
t a t e ;  2 , d io x an e ; 3 , d ie th y l e th e r ; 4 , te tra h y d ro fu ra n ; 5 , d im eth - The fact that the entropy of activation increases with 
y lfo rm am id e. increasing strength of intermolecular hydrogen bonding

yields some further insight into the degree of orientation 
hydrogen-bonded OH in inert solvents, show that this of the reactive species, i.e., the greatest orientation of
peroxy acid exists in solvents with basic oxygen in the the peroxy acid-solvent complex in the case of solvents
form of intermoleeularly hydrogen-bonded adducts which form the strongest intermolecular hydrogen
according to the following scheme. bonds with peroxy acid.

It is reasonable to assume on the basis of the above- 
K mentioned results that the strength of the intermolec-

RCOOH__ o '  ular association between peroxy acids and solvents with
II \  basic oxygen is one of the major factors influencing
0 R the kinetics of epoxidation in these solvents, although

polarizabilities and steric requirements of solvents may 
The shift of the C = 0  stretching frequencies of peroxy also influence the rate of epoxidation in those cases

acid to higher values in these solvents could also be where the differences in basicity of solvent pairs are 
taken as a support for the above-mentioned conclusion4 small.
(Arc= o = 25 cm-1).

(5) M . Tiehy, Advan. Org. Chem., 5, 115 (1965).
(4) G. C. Pimentel and A. L. McClellan, “The Hydrogen Bond,” W. H. (6) T . Cuvigny and H. Normant, Bidl. Soc. Chim. Fr., 2000 (1964).

Freeman and Co., San Francisco, Calif., I960. (7) H. Normant, Angew. Chem., 79, 1029 (1967).
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Experimental Section on the contrary, there is no conjugative transmission
p-Nitroperoxybenzoic acid was prepared and purified according in the ground states of compounds III .2 

to the procedure of Silbert, et a l?  All the solvents used were The degree of electronic interaction between the 
Reagent grade commercial products and were dried and distilled aromatic rings of I l ia  and I l lb  was estimated from
before use. The purity of each was confirmed by vapor phase 
chromatography. irares-Stilbene, scintillation grade, was ob
tained from Fluka and used without further purification. / ==\  / ==\

The infrared spectra were recorded at 2 0 ° on a Perkin-Elmer X —< à — ÇNH-—(v à— Y
Model 521 infrared spectrophotometer using 0 .05-0 .10  mm cells V—/  || \ _ _ /
(NaCl). Methylene chloride solutions of equimolar amounts of
peroxy acid and a compound with basic oxygen were employed. Ufa, Y = Nil3

The kinetics of epoxidation was followed iodometrically b,Y = OH
according to Lynch and Pausacker.9 Reactions were performed

Ï  fl,ask"i , SampI?f ( 5 “ 1} w®re quenched in 2- the p K & values presented in Table I .  Since the p K &N  sulfuric acid cooled and degassed with small pinches of Dry „f ,• , /TTr, , V  a
Ice, an excess of potassium iodide was added (1 ml of 15%  solu- values 01 4lie corresponding stilbenes (IV) and azoben- 
tion), and the liberated iodine was titrated with 0.05 N  sodium
thiosulfate without starch indicator. When ethyl acetate or / “ A / = v  +
diethyl ether were used as solvents, carbon tetrachloride was X —\  V -C H = C H — i  ) — NHa
necessary to add to the titration mixture in order to obtain satis- \  V « if
factory end-points. Observed titres were corrected for the de- IV
composition of peroxy acid in the corresponding solvent. Second- f= \  r —
order rate constants were obtained from a linear least-squares X — L  /)__N— N_{. V -O H
program. Calculation of activation energies and entropies was \ _ff \  / /
performed by the usual method.10 Errors (standard deviations) y
in second-order rate constants are ± 2 % , those in E a are ca.
± 0 .5  kcal/mol, and those in AS4= are ± 1 .5  eu.

zenes (V) are known,3-5 it is possible to compare the 
Registry No.—  ¿rans-Stilbene, 103-30-0; p-nitro- amide group with the ethylene and azo functionalities, 

peroxybenzoic acid, 943-39-5.

Acknowledgment.— The authors wish to thank Pro- Table I
fessor D. Hadzi for his interest and encouragement. pK a Y a ™ eJÎ  of 4-Sübstitoted V-Aminobenzanilides
The financial support of this research by the Boris AND 4 -Hvdhoxvbenzanzlioes ( I l ia  and Illb )“

KidriC Fund is also gratefully acknowledged. Y x  p-xa
+

(8) L. S. Silbert, E . Siegel, and D. Swern, J .  Org. Chem., 27, 1136 (1962). NH3 OCH3 4 .6 2
(9) B . M. Lynch and K. H. Pausacker, J .  Chem. Soc„ 1525 (1955). +
(10) J .  F. Bunnett, "Investigation of Rates and Mechanisms of Reaction,” NH3 CH3 4 52

Part I , S. L. Friess, B . S. Lewis, and A. Weissberger, Ed., 2nd ed, Interscience
Publishers, Inc., New York, N. Y ., 1061. ATTJ TT

I'« m3 n  4 .5 5

NH3 Cl 4 .5 4
+

pIVa Values of 4 -Substituted 4 '-Aminobenzanilides NH3 N0 2 4 .4 8

and 4'-Hydroxybenzanilides. À Search for 9 55
OH CH3 9 .5 4

Transmission of Electronic Effects through OH H  9 .5 4

an Amide Linkage OH Cl 9 .5 0
OH N 0 2 9 .5 0

J . A. Donohue, R. M. Scott, and F . M. Menger “ Determined spectrophotometrically in 1.6%  acetonitrile-
water at 25.0°.

Department o f  Chemistry, Emory University, Atlanta, Georgia 80S22
The Hammett p value for I lia , calculated from

Received, October U , 1969 the data in Table I, was found to be 0.09 ±  0.04
in 1.6%  acetonitrile-water. This is considerably less

The planarity and restricted rotation of amide than the p value for ionization of IV  (0.4223 and
groups have been attributed to a dipolar resonance 0.6844 in ethanol-water). The small p for I l ia  can-
contributor II. Pauling1 has estimated that I and not be attributed to an unusually small double-bond

character of the amide C -N  bond because the ben-
+ zanilides show normal amide carbonyl bands in the

HCNH2 <—*■ H C = N H 2 infrared and because the presence of two phenyl rings
O O- should, if anything, enhance the contribution from

I II the dipolar structure II. However, the possibility
existed that resonance between the phenyl rings was

tt , -, . ori , A n f r ,  ,■ , j -  unimportant in the conjugate base of I l ia  becauseII contribute 60 and 40%, respectively, corresponding ,, .  ̂ , ,  , , , . . , , , I? •
, Anoy t i i  c n  vj i j  r\ this would lead to a tetrapolar contributor. lo r  thisto 4 0 %  double-bond character for the O—iM bond. One , . , ,, Tjr , £ ttti~ t

• i ,  . . I  y ,i , , . . .  • • j  reason we determined the p K a values of I llb , a systemmight expect, therefore, that two aromatic rings joined 1
by an amide group would be conjugatively linked (2) Conjugation in the exdtedstate of ben.aniUdes has been demonstrated
via the partial double bond. We show below that, by V. A. Izmail'skü and A. V. Malygina, Zh. Obshch. Khim ., 29, 3935 (1959).

(3) H. Veschambre and A. Kergomard, Bull. Soc. Chim. Fr., 336 (1966).
(1) L. Pauling, “Symposium on Protein Structure,” A. Newberger, Ed., (4) M. Syz and H. Zollinger, Helv. Chim. Acta, 48, 517 (1965).

John Wiley & Sons, Inc., New York, N. Y ,, 1958, p 17. (5) S. Yeh and H, H. Jaffé, J . Amer. Chem. Soc., 91, 3287 (1959).
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T a b l e  II

M e l t in g  P o in t s  a n d  A n a l y s e s  o f  ^ S u b s t it u t e d  4 '- H y d r o x y b e n z a n il id e s

XC.H<-
CONHCeHiOH, .----------------------------- Calcd, % — -------------------------- , ,---------------------------- -Found, %___________________ ,

X  Mp, °C C H N C h ’ N

OCHs 230-232 69 .12  5 .3 9  5 .7 6  68 .96  5 .4 4  5 71
CH3 215-216 73 .9 9  5 .7 7  6 .1 6  74 .00  5 .7 3  6 .1 0
Cl 245-246 63 .04  4 .0 7  5 .6 5  62 .99  3 .9 6  5 .5 0
N 0 2 265-266 60 .4 6  3 .9 0  10.85 60 .44  3 .7 7  10,77

in which resonance stabilization of the conjugate base ml of pyridine that had been dried over Linde 4A Molecular
(phenolate anion) results in dispersal of charge rather Sieve. This solution was added dropwise to 20 ml of a pyridine
than in charge creation. The p value for ionization solution of recrystalhzed p-hydroxyandme (0.01 mol). The re-

f tttl • 1 n r r r  , ., . .  ,  , action mixture was then boiled under reflux for 12 hr, after which
01 ln 1-6% acetonitrile-water was found to be the pyridine was removed with the aid of a rotary evaporator.
0.05 ± 0.02. This is 10 times less than the p for The residue was crystallized from ethanol-water and sublimed,
ionization of V  (20% ethanol-water) and 6 times less The properties of the products are given in Table II .
than the p for ionization of substituted 4-hydroxy- Substituted 4'-aminobenzanilides were prepared by the method

stilb en es ( 1 .6 %  a ce to n itr ile -w a te r).«  C le a rly  th e  °  p ^ D e L m ^ f t i o n i - T h e  pK , values of the benzanilides and
am id e linkage is a  p oor tra n s m itte r  of e le ctro n ic  effects  stilbenes were determined spectrophotometrically by the method
d esp ite  th e  con sid erab le d ouble-bond c h a r a c te r  of th e  of Albert and Serjeant.11

thXt Meh r r dd-tJOhnSOf anth C0T ° rl<erS9 Sh7 ed W  C h ])723600-44-4;= =  H) ̂ 17625-that Michael addition of ethanol to acrylani- ,q q _ i  . t t T q /v  __ o q a a a  a a  n* t t t  /'v  ato \
anihdes and elimination of HBr from /3-bromopropion- «4.00 4-0 1 • TTTK fY  n m  \ oqaoo aq  q t t t k  /-v- ’

- j a ,  » % T  5  “  '■ ? m  “ d “ i S - r f  n i ^ = T l 4S - ^ ( nfb
eluded, t a U  <X "  CI)' IIIb  <X  =  N<« ’ 131»-»>-°
On the basis of our results with the benzanilide systems, Acknowledgment.— This work was supported in part
it would appear that the large p values for the addition by a grant from the National Science Foundation, 
and elimination reactions are due mainly to an efficient . . . .  ...
transmission of polar effects, and that there is little Bases! ' Me“  cC C° "  °f Acids and
direct resonance interaction between the substituents
and the reactive sites. ---------------------

The reason for the lack of electronic transmission ~ „
through the amide linkage is not clear. Perhaps the S tereochem istry  o f
60% reduction in double-bond character is sufficient a -P h en eth yl R adical D im eriza tio n 1
to suppress completely any conjugative effects. Al
ternatively, the nature of the partial double bond W e l d o n  G. B r o w n  and  D a v id  E. M cC l u r e 2

of the amide group may be different from that of
ethylenic and azo double bonds. The partial double Argonne N ational Laboratory, Argonne, Illin o is  601,39
bond of the amide could involve overlap between the
unshared pair of electrons on the nitrogen and an empty Received, October M , 1969
carbon orbital in the 3 shell. This is consistent with
an amide carbonyl bond length that is shorter than ^  ’ias been reported3 that the reduction of a-bromo- 
that of acetaldehyde.10 Our results might also be ethylbenzene and a-chloroethylbenzene by chromous
related to Pauling’s idea that polarization of the a sulfate produces 85-90% meso-2,3-diphenylbutane and
bond between the carbonyl carbon and the nitrogen 10~15%  the dl forms, the disparity being attributed
effectively liberates a p orbital of carbon lying ’ in t0 conformational effects. If correct, this observation
the plane of the group, and permits a v bond to would cormote a mechanism of final product formation
be formed with an unshared pair of electrons on the other t.han simPle dimerization of free radicals, because
oxygen.1 there is abundant qualitative and semiquantitative

evidence4 based on yields in other free-radical situations
Experimental Section

(1) Work was supported by the Atomic Energy Commission.
Compounds.— The general procedure used for the preparation ^  Summer Student Training Program, Argonne National Laboratory,

of the substituted 4'-hydroxybenzanilides was as follows. A 1969, supported in part by the Nationai Science Foundation.
para-substituted benzoyl chloride (0.01 mol) was dissolved in 20 SI S 'E ' Caslloani1 w - C. Kray, Jr  j .  Amer. Chem. Soc., 8«, 2768 (1963).
______________  v*) Comparable yields of meso- and dZ-2,3-diphenylbutane have been re-

. . .  . ported in (a) the reaction of ar-ehloroethyibenzene with magnesium and moist
6 The P was determined from a two-point Hammett plot. ether [E. Ott, Chem. Ber., 61, 2124 (1928)]; (b) n-bromoethylbenzene with

(7) The ionization of para-substituted N-methylbenzhydroxamic acids sodium [K. T. Serijan and P. H. Wise, J .  Amer. Chem. Soc., 74, 365 (1952)];
has a p of 0.8o in 80%  Methyl Cellusolve-water.* This p is less than that (c) n-bromoethylbenzene with magnesium and cupric chloride [J. B . Conant
for the ionization of benzoic acid m water, and it suggests that there may be and A. H. Blatt, ibid., BO, 551 (1928)]; (d) coupling of Grignard reagent
also little direct resonance interaction through the carbonyl carbon-nitrogen [W. T . Somerville and P. E . Spoerri, ibid., 74, 3803 (1952) ]; (e) decomposi-

°“ °,f, the ’wdroxamie acids. Morever, the pfCa values correlate with p tion of diacetyl peroxide in ethylbenzene [M. S. Kharasch, II. M cBay, and
ra /of n  7 !  Wl 9  w  Q. W. H. Urry, J .  Org. Chem., 10, 401 (1945)]; (f) decomposition of di-i-
(1 9 6 5 )° ’ E  and W ‘ Sim0D’ C°UeCt ° ZeCh" Chem• Commun-  30> 4078 butyl peroxide in ethylbenzene [E. H. Farmer and C. G. Moore, /. Chem.

TT w  T U tn XT T. ^ „ ^oc*» 131]; (g) decomposition of benzoyl peroxide in ethylbenzene
v  V  ; ‘ ohnson> E * Ngo, R . c .  Stafford, and Y . Iwata, the 158th [R. L. Dannley and B . Zaremsky, J .  Amer. Chem. Soc., 77, 1588 (1955)].

“ a n  ■ °/w  mT  C emiCal S° Ciety’ NeW Y ° rk’ N’ Y "  In 0ne instance’ the reaction of bydrotropoyl chloride with sodium peroxide,
n m  tt* rŜ ,Iilc 8 rac o. . the equality of yields was established by careful ir analysis [F. D. Greene,
(10) H. A. Bent, Chem. Rev., 68 , 587 (1969). ibid,, 7 7 , 4869 (1965)].
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to show that a-phenylethyl radicals dimerize in the two might be expected from slight tailing of the dl peak into 
modes nearly equally. It seemed desirable in connec- the region of the meso peak.
tion with concurrent studies on reduction by the Likewise the product ratio from the chromous sulfate 
hydrated electron to recheck the chromous sulfate reduction of a-bromoethylbenzene (c/. Table I, reaction
reduction and, also, with the more refined analytical 7) showed no clearly significant departure from random
procedures now available, to test more rigorously for orientation of the combining radicals. It follows that
the presence or absence of measurable stereo dis- yields of isolated crystalline meso isomer in excess of
crimination in some conventional free-radical dimeriz- 50% of theoretical cannot be reconciled with these 
ations. measurements and hence that the reported3 actual

The conventional reactions giving rise to 2,3-di- yields, 56 and 81%  from a-bromo- and «-chlorobenzene,
phenylbutane mixtures, and believed to occur by respectively, are too imprecise to be mechanistically
dimerization of a-phenethyl radicals, were (1) de- significant. The new measurements are consistent
composition of di-i-butyl peroxide in ethylbenzene at with, but of course do not uniquely validate, the
135° ;4f (2) decomposition of benzoyl peroxide in currently accepted9 free-radical interpretation of halide
ethylbenzene at 100° ;4g (3) reaction of ethylbenzene reduction by chromous salts,
with aqueous potassium persulfate at 80° ;5 (4) reaction
of a-bromoethylbenzene with iron powder in water Experimental Section
suspension;6 7 (5) reaction of a-bromoethylbenzene vapor
w ith  a  silver m irro r film  a t  2 5 %  (6 ) b enzoph en on e- ,Gas chromatographic analyses were performed on 7-m QF-1

sensitized photolysis of ethylbenzene at three different O V -101  co lu m n  a t  1 9 5 ° .  T h e  la t t e r  p rov id ed  a so m ew h at c lean er
temperatures, —25, —73, and — 110°.8 The choices se p a ra tio n  o f dl- an d  m eso -2 ,3 -d ip h en y lb u ta n e , e lu tin g  in  th e
were influenced by the thought that reactions at the ord er n am ed , b u t  th e  h ig h er o p era tin g  te m p e ra tu re  w as a  dis-
lowest possible temperature, or on surfaces, would be a d v a n ta g e . Iso m e r ra tio s  w ere b ased  o n  p e a k  a re a s  as d e term in ed

most likely to reveal any small measure of steric control. ^ ¿ i l o ^ S ^ a s  en u m erated  a b o v e , w ere con d u cted  on  a
N o  a t t e m p t  w a s  m a d e  t o  m a x i m i z e  y i e l d s  a n d  c a r e  w a s  g ram  sca le  an d  u n d er a  n itro g en  a tm o sp h ere  b u t  o th erw ise  under
taken to avoid fractional separation of isomers prior to a re a c tio n  co n d itio n s as d escrib ed  in  th e  lite r a tu r e . U p o n  te rm in a -
determination of the m eso /d l ratio by gas chromatog- b o n  o f th e  re a c tio n s  in  h om og en eou s m ix tu re s , a s  in  re a c tio n s

raphy. All of the results (cf. Table I) agreed, within 2- andT 6> +samPles were lr% eted du'ectly “ t(l the ,ch7romato'r  J  graph. In other cases, namely reactions 3, 4 , 5, and 7, ether
e x tra c ts  w ere m ad e an d  sam p les th e re o f w ere in je c te d . R e a c tio n  
5  w as co n d u cted  b y  in tro d u cin g  a  few  m illig ram s o f liq u id  a -  

T a b l e  I  b ro m o eth y lb e n ze n e  in to  a  sid e a rm  o n  a n  e v a cu a te d  silvered
fla sk  w h ich , a fte r  sea lin g , w as s to red  in  th e  d a rk  a t  ro o m  te m - 

I s o m e r  R a t io s  in  R e a c t io n s  F o r m in g  p e ra tu re  fo r  2  d a y s. I n  th e  p h o to ly s is  ex p e rim e n ts , so lu tio n s of
2 ,3 -D ip h e n y l b t jt a n e  b en zop h en on e (0 .0 2  M ) in  e th y lb e n z e n e , co n ta in e d  in  P y re x

Reac- tu b e s  an d  pu rged w ith  n itro g en  g a s , w ere suspen ded in  a n  a lcoh o l-
tion Temp, Time, m eso/dl f illed , w indow ed d ew ar flask  an d  exp osed  fo r  6 0  m in  to  3 6 0 0 -A
no- Reactants °C hr ratio illu m in a tio n  fro m  a  G e n e ra l E le c t r ic  H  10 0  B L  la m p . Som e
1 E th y lb e n z e n e , 135 3  1 .0 8  p h o to ly s is  exp erim en ts  w ere p erfo rm ed , a t  room  te m p e ra tu re ,

d i-f-b u ty lp ero x id e  w ith  b en zen e a s  so lv e n t.
2  E th y lb e n z e n e , b en zo y l 10 0  2  1 .0 2  T h e  ch rom ou s su lfa te  re a g en t w as p rep ared  fo r  u s10 a s  d escribed

o x id e  ’ in  a n  ea r lie r  p ap e r b y  C a s tro 11 an d  w as d ilu te d  to  th e  re qu ired
_ ,, T. o r , ,  ,  A, 0 .4 5  JV im m e d ia te ly  b e fo re  u se . T h e  re d u ctio n  o f « -b ro m o e th y l-
3 E th y lb e n z e n e , aq  K & O »  1 00  4  .0 1  W e n e >  , .4 g in  25  m l  of d im eth y lfo rm am id e , w as d o n e, f ir s t
4  a -B ro m o e th y lb e n z e n e , 8 0  3 . 5  1 .0 3  a t  room  te m p e ra tu re , b y  a d d itio n  to  25  m l o f th e  re a g e n t, v ig o r-

F e ,  a q  su sp n  o u sly  stirre d  in  a  n itro g en -p u rg ed  sy s te m . T h e r e  w as a n  im -
5  a -B ro m o e th y lb e n z e n e  2 5  4 3  0 . 9 8  m ed ia te  co lo r ch an g e to  d ark  g reen  an d  n o tic e a b le  w arm in g  o f

(vapor), Ag mirror the mixture. After about 10 min, the separated product became
6a 0 .1 2  M  ethylbenzene, 25 0 .5  1 .0 0  semicrystalline and no further change was apparent on continued

0.02 M  benzophenone 1 .5  1 .04  stirring for 2 hr. Extraction with three 20-ml portions of ether,
in benzene 3600-1. 3 .0  1 .03  followed by backwashing of the combined ether extracts with
irradn ’ water and evaporation of most of the ether (after removal of a

1 i no sam p le fo r  ch ro m a to g ra p h ic  a n a ly s is ) , fu rn ish ed  0 .2 6  g  ( 3 6 % )
6b  0 .0 2  M  b en zop h en on e - 2 5  1 . 0  1 .0 2  o f c ry s ta llin e  m m -2 7 3 -d iP h e n y lb u ta n e  an d  0 .5 0  g o f m o th er

m  e th y lb e n z e n e  73  1 .0  0 . 9 8  l iq u o r. I n  a  s im ila r e x p e rim e n t, in  w h ich  th e  re a c ta n ts  w ere
— 1 1 0  1 . 0  1 .0 3  cooled  to  ic e -b a th  te m p e ra tu re  b e fo re  m ix in g , th e  in it ia l  co lo r

7 a -B ro m o e th y lb e n z e n e , 2 5  0 . 2  1 .0 5  ch a n g e  o ccu rre d  in  a  p erio d  o f a b o u t 1 m in , se m icry sta llin e
aq  C r S 0 4 0  0 . 5  1 .0 6  p ro d u ct ap p eared  v e ry  q u ic k ly , an d  no fu r th e r  ch an g e w as seen

o n  co n tin u ed  stirrin g  fo r  5 h r .  T h e  e th e r  e x t r a c t  u p on  co n ce n tra 
tio n  d ep osited  0 .1 9  g  o f meso iso m er an d  th e  m o th e r  liq u o r (0 .5 4  

. g )  assay ed  3 4 %  dl an d  3 %  meso.
the limits of experimental error, with the assignment of
equal probability to meso and dl product formation.
The overall average, 1 020 ±  0.020 (average deviation), N o .-m eSo-2,3-Diphenylbutane, 3755-79-1;
deviated slightly m favor of the m eso  form but the ^ 2,3-diphenylbutane, 4656-85-3. 
direction and magnitude of the deviation is about what

(5) C. Moritz and R . Wolffenstein, Chem. Ber., 32, 432 (1899). (9) The subject of mechanism in chromium(II) reductions has been
(6) K . Sisido and H. Plozaki, J .  Amer. Chem. Soc., 70, 778 (1948). reviewed by J .  R . Hanson and E . Premuzic, Angew. Chem. In i. Ed. Engl., 7,
(7) This particular application of silver to effect dimerization appears 247 (1969).

not to have been previously mentioned but the prototype is well known. (10) We are indebted to 3. C. Sullivan and D . L . Toppen for a supply of
(8) E . Paternd and G. Chieffi, Gazz. Chim. Ital., 39 [II], 415; Chem. the reagent.

Abstr., 5, 682 (1911). (11) C. E . Castro, J .  Amer. Chem. Soc., 83, 3262 (1961).
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L ong-R ange S p littin g  in  We report here our nmr studies of l,4-d:hydroben-
th e  N uclear M agn etic  R esonance zoic acid (5)> a compound whose sterical requirements

o „ ,  , _ ,  , . . . . are somewhat different from those of 1 or 2. Models
Sp ectru m  o f  1,4-D ih ydrobenzoic A d d  indicate that in planar 5 steric interaction occurs be-

J. L. M a r s h a l l , K. C. E r ic k s o n , a n d  T. K. F o lso m

C°,H f  * HX J
Department o f Chemistry, North Texas State University, • JL „  —  __ nTr Hg— l  J— (k

Denton, Texas 76203 | ^ |  UU \\  Sj  ^ O H

Received September 19, 1969 g  ga gg

Previous examples of homoallylic proton-proton
coupling1 (with a symmetrically disposed 7r bond) tween the carboxylate group and the olefinic ~ bonds
indicate that this long-range coupling is generally very (see 5a), and that a puckered conformation (Sb) would
small1-5— such coupling constants usually do not exceed be preferred w dh the carboxylate group in a pseudo-
3 Hz.6 However, the 1,4-cyclohexadiene system has equatorial position. The puckering in 5, however,
been reported to give an unusually large homoallylic should not be as severe as in 2. Thus, 5 should repre
coupling constant: 1,4-cyclohexadiene (1) has cis sent a case between 1 and 2, unless 1 is highly puckered
and Irans coupling constants of 9.63 and 8.04 Hz, re- idso
spectively,7 and the isomeric l-phenyl-4-trityl-l,4- d i e  60-MHz nmr spectrum of 5 exhibited a singlet 
cyclohexadienes (2) have cis and tram coupling con- a  ̂ ® H 7 1  (acid proton), a singlet at 5 5.80 (olefinic), 
stants of 11 and 7.5 Hz, respectively.8 a tr.plet at 8 3.71 with J = 8.6 Hz (methine), and a

doublet at 8 2.53 with T = 8.6 (allylic). A  first-order 
H H C jj analysis of the spectrum, therefore, indicated that homo-

O W  ° \ / 6 5 allylic coupling between the methine and the methylene
f i l l  i l l  protons existed to give a simple A X 2 system. The

i j  1LJJ latter three signals, however, included perturbations
2 A  A  which could arise from olefinic-aliphatic coupling

H C(C6H5)3 (C6H5)3C H and/or an actual A B X  system.10 The 100-MHz
cis-2 trans-2 spectrum, with proton-proton decoupling,11 indicated

that most of the perturbations were due to olefinic- 
The large homoallylic coupling in 1,4-cyclohexadienes aliphatic coupling, the uncoupled olefinic signal ap- 

has allowed some workers to attach special signifi- Peared as a triplet (with a separation of 2 Hz) but
cance to JcU/Jtrans ratios thus obtained. The small S™ p lfied when "!tder] the methine or the methylene
Jcu/Jtrans ratio for 1 (viz., 1.2) prompted Garbisch7 to s!gna s were irradiated, and irradiation of the olefinic
postulate a planar, or nearly so, conformation for 1,4- Slgna simphfied the methine and the methylene sig-
cyclohexadiene (3) rather than a highly puckered, or na „ , ,  , ,
boat, conformation (4). Implicit in his discussion The nmr spectrum of 5 would also be consistent with

a deceptively simple A B X  system where both v08a.b and 
H Vi(«f.ax — Tbx) are small compared with Tab, and with
I | the apparent coupling constant ./app being an average

V - Y  H \\  A — H of Jax and ^BX12 (see 5b where Tax is Tcis and TBx  is
HA = = / \ H j  trans) • To explore the possibility of such a system,

,  ' A" '  a sample of 2,3,4,5,6-pentadeuterio-l,4-dihydrobenzoic0 4

was the assumption that for the planar conformation H C02H H H P H

(3), J cis = J irans* ^ l i ^  D L V V J  C02H H I P  P J C02H
Atkinson and Perkins, who investigated the nmr of II YN==Ty \ \ L _ W

2, believed that for the planar conformation (3) Tc{s W — _/ \------ /
should be less than T trans, that Jcis =  T tmns only when H D  D p I) D
the ring is somewhat puckered, and that 1,4-cyclo- 6 cis-6 trans-6
hexadiene is therefore not planar. For 2, they argued, 
the bulky substituents exaggerated the puckering to
such an extent that now JcU was considerably greater ac/ ,wa® PrePared (see Experimental Section), 
than Jtmns {Jcu/J¡ram = 1.47). The sample of 6 was undoubtedly a mixture of cis- and

^  t Tx and Sternhell, Tetrahedron Lett., 275 (1963). (10.’ In 9,10-dihydroanthracene systems, the two allylic protons can have
^  i ’r x  Richards and W* Beach> J - Or0- Chem., 26, 623 (1961). a chemical shift up to 0.3 ppm and can have a coupling constant of 18 Hz:
(3) W. F , Beach and J . H. Richards, ibid., 26, 3011 (1961). D. Nicholls and M. Szwarc, J .  Amer. Chem. Soc., 88, 5757 (1966); R . G .
(4) R. R . Frazer, Can. J .  Chem., 38, 549 (1960). Harvey, L. Arzadon, J .  Grant, and K. IJrberg, ibid., 91, 4535 (1969).
(5) S. Gronowitz, B . Gestblom, and R. A. Hoffman, Acta Chem. Scand., ( l i ;  We wish to thank D. H. Gibson and A. Shultz, University of

15, 1201 (1961). Colorado, Boulder, Colo., for recording the 100-MHz spectra and for the
(6) For an excellent review, see S. Sternhell, Rev. Pure Appl. Chem., 14, irradiation experiments.

n  X« , , (12. J .  W. Emsley, J .  Feeney, and L. H. Sutcliffe, “ High Resolution
(7) k., W. Garbisch, Jr . and M. G. Griffith, J .  Amer. Chem. Soc., 90, 3590 Nuclear Magnetic Resonance Spectroscopy,” Vol, I, Pergamon Press, New

York, N. Y ., 1965, p 363; R. J .  Abraham and H. J .  Bernstein, Can. J .
(8) D. J .  Atkinson and M. J .  Perkins, Tetrahedron Lett., 2335 (1969). Chem., 39, 216 (1961). Since J a b  should be about 18 Ha,”  vq5a b  and
(9) M. Karplus, J .  Chem. Phys., 33, 1842 (1960). VK/a x  — ^b x ) could be a few hertz or less.
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frans-dihydro compound7’13-15 (cis-6 and tram-6). If E lectron ic  an d  N uclear M agn etic
Jcis were significantly different from J,m„, then in the R esonance Spectra o f  D ith izon e
nmr spectrum of 6 each isomer should have two dou
blets distinguishable from those of the other isomer. R C o le m a n  W. H. F o s t e r  J r .,
However, the nmr spectrum of 6 exhibited (along with j. K a za n , a n d  M. M a so n ’

an acid proton at 8 12.05) only two sharp doublets cen
tered at 5 3.73 and 2.58 with J = 8.3 H z.16 Thus, American Cyanamid Company,
J cU and J „am were not significantly different. Bound Brook, New J ersey 08805

The coupling constants for 5 and for 6 were slightly 
different (0.3 Hz). This observation has the following Received August 4,1969
implications. In our sample of 6, one isomer (either
cis or trans) predominated whose coupling constant Several metal complexes of dithizone (1,5-diphenyl- 
was 8.3 Hz. The other isomer, in order to average thiocarbazone) are photochromic when irradiated with
o u t/ ftpp in 5 to be 8.6 Hz in an A B X  system, must have visible light.1 During a study of this photochromic
J = 8.9 Hz. Thus, the Jcis/JtTans ratio (either 8.3/8.9 system,2 we became interested in the electronic spectra
= 0.93 or 8.9/8.3 = 1.07) would be very close to unity. and photochromism of dithizone itself.

If the puckering in 5 were intermediate between that When dissolved in methylene chloride, dithizone 
in 1 and 2, one would expect the Jti,/Jlmw ratio for 5 forms an intense green solution having the spectrum
to be between that of 1 and 2. However, the ratio for shown by the solid line in Figure 1. Intense irradiation
5 lies outside this range and is less than that for 1. of the green solution with visible light, in dry, nonpolar
It is difficult to believe that 5 is less puckered than 1. solvents, produces a red, metastable form (dashed line
Instead, it is to be concluded that the JcU/J,Tan, ratio in Figure 1) which returns very rapidly to the original
is only a rough approximation of the degree of pucker- green.3 The orange, nonphotochromic dithizonate
ing, and that 1 and 5 are puckered to about the same anion produced in alkaline solution is shown by the
extent. Since 5 would be expected to be puckered dotted line in Figure 1.
(vide supra), it would seem that 1,4-cyclohexadiene (1) It  is unusual for a neutral molecule of this size to 
is definitely in a boat conformation and that a single possess the intense, low-energy^ absorption (molar ab-
moderately sized substituent can be fitted into this sorptivity == 37,000 at 6100 A) shown by the long-
conformation comfortably in the pseudo-equatorial wavelength band of the green form. No comparable
position. band exists for the oxygen analog of dithizone (diphen-

ylcarbazone) which is orange in neutral solution be- 
Experimental Section cause of a weak n it* transition appearing as a shoul-

, . . . ,, TT ... der on intense ultraviolet tt-> 7r* transitions.
Melting points were determined by a Thomas-Hoover melting . . . . .  , . * 1 «  +mn

point apparatus. Nuclear magnetic resonance spectra were ,T ^ e re â l̂v® Intensities a d max 
recorded on a Varian A-60 spectrometer and a Varian HA-100 visible bands m the dithizone spectrum depend upon the
spectrometer, using tetramethylsilane as the internal standard. solvent, and some workers4 have interpreted these
Ultraviolet spectra were recorded on a Beckman D B spectro- changes to indicate that the two bands originate from

Phl !4-Dihydrobenzoic Acid (S ).-T h is  compound was prepared a thiol-thione tautomeric system Although we have
from benzoic acid by the procedure of Kuehne and Lambert13 observed such solvent effects, we have been unable to
and was transparent in the region of 240-270 m/*, indicating the interpret them rigorously, since they appear to be com-
absence of the 1,3-cyclohexadiene chromophore. plicated by acid-base equilibria, trace metal effects,

Benzoic Acid-dj. Reaction of bromobenzere-ds (Stohler and even oxidative decomposition of the dithizone.
Isotope Chemicals, Azusa, Calif.) with magnesium and sub- , , , , • Hithiznne
sequent carbonation with Dry Ice11 gave benzoic acid-d5 in a 50%  . We could not obtain the nmr spectrum Of dithizone
yield, mp (H>0) 119-121°. An nmr spectrum of t.ie product ex- itself because of poor solubility, but we nave obtained
hibited no signals in the aromatic region. the spectrum of an alkylated derivative [l,5-di(o-

2,3,4,5,6-Pentadeuterio-l,4-dihydrobenzoic Acid (6).—Birch ethylphenyl)thiocarbazone] in CDC18. The chemical
reduction of benzoic¡acid-* in the usual manner13 gave an 82%  ghiftg , valueg referred to TM S, Varian A-60) were 
yield of 6 , bp 77-79 (0.4 mm). _ 2 .0 3  ( i.6 protons), 1.9 and 2.67 (8 aromatic), 7.0

(4 methylene), and 8.6 (6 methyl). The signal at 
Registry N o.— 5, 4794-04-1. T _2.03 showed no evidence of splitting over the tem

perature range + 50 to — 45° in CHCh solution (in 
Acknowledgment.-—Acknowledgment is made to the fact> the peak became somewhat narrower at lower

Research Corporation (Frederick Gardner Cottrell temperatures) and disappeared upon addition of CH S-
Grant-in-Aid), to the Robert A. Welch Foundation, q j j

Grant No. B-325, and to North Texas State University -\ye fee[ that these nmr results favor a single (equiv- 
for a Faculty Research Grant for support of this work. a]ent prot0n) structure instead of rapid exchange be

tween a form containing S~H and a form containing
(13) M. E . Kuehne and B. F. Lambert, Org. Syn., 4 3 ,  22 (1963). N~H. For the latter case We Would expect Splitting
(14) G. W . Brown and T. Sondbeimer, J .  Amer. Chem. Soc., 89, 7116

<19( l l ) ‘ R . G. Harvev, L. Arzadon, J .  Grant, and K . Urberg, Hid.. 91, 4535 (D L. S. Meriwether, E . C. Breitner, and G. L. Sloan, J .  Amer. Chem.
nsfio " S o c ®7' 4441 (mss).

(16) Owing to the small extent of aliphatic-olefinic coupling in 5, D -H  (2) R . A. Coleman, W. H. Foster, Jr ., J .  Kazan, and M .M aw n . ma
coupling in 6 was negligible and deuterium decoupling was not necessary. report, “Synthesis of Chromotropic Color“nt£  f 8 [ 1 ^ 0  M 9(N) L u e d

(17) H. Gilman, N. B . St. John, and F . Schulze, “Organic Syntheses," Laboratories, Natick, M « s . .  <Conitract No DA19-129-AMG 269(N), issued 
Coll. Vol. I I ,  John Wiley & Sons, Inc., New York, N. Y„ 1943, p 425. as Technical Report 66-0-CM, Series TS-138, AD63090S.
Our procedure is different from that of Gilman in that the Grignard reaction (3) The photochromism of dithizone was prevously reported by Men
mixture was poured over Dry lee instead of bubbling in gaseous carbon w e th er^  ^  Dubenk(>i ^  Khim ., 29, 194 (1959).
dioxide. \ •

N otes  J .  Org. Chem., Vol. 35, No. 6, 1970 2039



4 0 0 0 0 1------- 1--------- 1--------- 1—  ------t-----  by ceric nitrate oxidation of cyclopropylcarbinol.
r\ We wish to report a new synthesis of this aldehyde

/ \ which represents at least a more economical method,
'§ 30000 • \ - since cyclopropylcarbinol is a relatively expensive
\  I \ starting material. This procedure involves a three-
4  ’ / \ ‘ step sequence with various acrolein acetals as starting
:f 20000 - / \ I l - materials— each step being accomplished in good to
% J \ J \ excellent yields. Acrolein acetals, including the cyclic
-§ ' / /  \  \ ‘ 2-vinyl-l,3-dioxolanes and 2-vinyl-l,3-dioxanes, can
|  10000 . / /  \/ N*>. \ - be obtained commerically or may be conveniently pre-
5 J \ j - .  Ss  \ pared from acrolein.2 Reaction of diazomethane with

■ A. ■ the unsaturated acetal forms a 1-pyrazoline. This
____ ,_____ , '''•..... x:.. can be readily pyrolyzed to the corresponding acetal of

4000 5000 6ooo 7000 cyclopropane carboxaldehyde, which is then hydrolyzed
wavelength, A. to the aldehyde. Overall yields for the three steps

Figure l.—Electronic spectra of three forms of diphenylthio- ranged as high as 50%. Table I lists yields, physical
earbazone: --------- , methylene chloride at room temperature;
............, alkaline methylene chloride-methanol at room tern- CH2—CFCH(OR)2
perature (^ 0 .0 0 5  N  NaOH in 95%  (vol) methylene chloride-5% CH2=CHCH(OR)2 +  CH2N2 — ► j |
m eth an ol);----------, hexane at ~ 1  °, while irradiated with the full
intensity of the near-infrared tungsten lamp in the Cary 14. \

N

(or at least broadening) of the r -2 .0 3  peak at low CH2-CHCH(OR)2 r---- 7 CH(OR)2 + r---- 7 CHO
temperature instead of the slight narrowing which was | | _ 4j0 >, \  /  H3° , \  /
observed. CH2 N imm V  V

We propose structure 1 to represent the green form B
existing in neutral solutions of dithizone. . A

FL. ,.H, H - S/  •'» \  N-' '4 , constants, and elementary analytical data for com-
.¿0% -z NvPh Ph^  \  /  \  prnrnds of types A  and B as prepared from different

N" N Nn, acrolein acetals.
The pyrazolines obtained from all of the acrolein 

^  acetals used were of the indicated A1 structure, as evi-
1 2 denced by the lack of an NH absorption band near

Structure 2, which can be obtained by isomerization 3400 cm-1 and the presence of an N = N  absorption
about a carbon-nitrogen double bond, may be respon- at 1540 cm-1 in the infrared spectra. The direction
sible for the red, metastable form. The nmr spectrum of addition of diazomethane to the double bond is
of this form cannot be studied, since the incident light assumed to be that demonstrated for alkene linkages
beam is completely absorbed at the surface of the con- having other adjacent electron-withdrawing groups.3
centrated solutions required for nmr. Consequently Vapor phase pyrolysis of the pyrazolines, following 
only a small fraction of the molecules is converted to the method used by McGreer,4 gave yields of 73-96%. 
the metastable form. These pyrazolines proved to be relatively more heat

The exact explanation for the intensity of the long- stable, and higher temperatures (400-450°) and lower
wavelength peak in the spectrum of the green form is pressure (1 mm) were necessary than for the conjugated
still lacking, but it appears unlikely that a simple pyrazolines pyrolyzed in McGreer’s work. A  number
thiol-thione tautomeric system can account for the of unsuccessful attempts were made to photolyze these
spectrum. pyrazolines, using a 450-W Hanovia lamp.

Registry N o.-D ithizone, 60-10-6. . The most difficult steP for which to develop good
yields proved to be the final hydrolysis. Use of inor- 

Acknowledgment.— This work was supported in part ganic acid solutions resulted in very poor yields. The
by the U. S. Army Natick Laboratories, Natick, Mass. best method developed during our study involved the

____________  use of a minimum amount of trichloroacetic acid to
effect the water solution. W ith the cyclic acetals, 

R eaction  o f  D iazom eth an e w ith  yields of cyclopropanecarboxaldehyde were much
Som e a,/3-Unsaturated A cetals and A ldehydes better than with the Methyl acetal, owing to the dif

ficulty of complete separation of ethanol from the alde- 
J o hn  M .  S t e w a b t , C o n n ie  C a r l is l e , hyde in the latter case.

K e n n e t h  K e m , a n d  G r e g o r y  L e e  An investigation was also made of the reaction of
.. , , . , diazomethane with acrolein itself, in the hope of real-
epar mmMi^oZ]VoZlTr%m Montana> izing a two-step synthesis of cyclopropanecarboxal

dehyde. Although a rapid reaction occurred, it 
Received October l ,  1969 proved to be impossible to isolate the simple addition

A  fairly recent report4 has described an improved g  £  Aikenes,"
method OI synthesis of cyclopropanecarboxaldehyde s. Patai, Ed., Interscience Publishers, London, 1964, Chapter 11.

(4) D. E . McGreer, W. Wai, and G. Carmichael, Can. J .  Chem., 38, 2410
(1) L. B . Young and W. S, Trahanovsky, J ,  Org. Chem., 32, 2349 (1967). (1960).
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T a b l e  I

C o m p d  Y ie ld ,  M o le c u la r  --------C a lcd , % ------- > -̂------F o u n d , % -------%
C o m p d  A c e ta l g ro u p  type®  %  B p , ° C  (m m ) fo rm u la  C  H  C  H

A ch2
1 ~ C\  I 2 a 80 76-77 (1) 1 .4774 C6H 10N2O2 50 .69  7 .0 9  50 .47  6 .91

o- ch2

P \
/  CHCHj a 68-75 85-86 (1) 1.4677 C,H 12N20 2 53 .83  7 .7 4  54 .00  7-90

2 \ I b 73-79 78-79 (60) 1.4326 C,Hi20 2 65 .5 8  9 .4 5  65 .39  9 .5 9
no- ch2

0 — C(CH3)2

3  C'H 'CH a 77 79-81 (0 .3 )  1 .4632 Ci0H i8N2O2 60 .5 8  9 .1 5  60 .59  9 .2 4
\ | 2 b 82-96 85-86 (10) 1.4436 Ci„Hi802 70.56 10.66 70.69 10.52
O------CHCH3

a 58 68-69 (1) 1 .4435 C8H 16N 20 2 55 .80  9 .3 6  55 .6 4  9 .4 6
4 -CH (O C2H6)2

b 82 47-48  (18) 1.4090 C8HI60 2 66 .6 3  11 .18  66 .41  10.98
“ a, 1-Pyrazolinecarboxaldehyde acetals; b, cyclopropanecarboxaldehyde acetals.

product, pyrazoline-3-carboxaldehyde, in even a fair Aldrich Chemical Co .)7 was distilled directly into a stirred and
yield. A  competing reaction of diazomethane with externally cooled solution of the acrolein acetal in ether. After

. j  , . r, addition was complete, stirring was continued tor 1 hr and the
the aldehyde group resulted m a second product, 3- golution wag the/ pou;ed into precooled pressure bottles which
acetyl-2-pyrazolme. Thus mixtures of the desired were sealed and kept at room temperature for 1-3 days. Removal 
aldehyde and the ketone were formed when a 1 : 1 ratio of ether and vacuum distillation gave the product pyrazolines
of diazomethane and acrolein was used. W ith a 2 :1 (see Table I, compound type a). Prepared were 2-(3-pyrazoli-
ratio of diazomethane to acrolein good yields »f 3-
acetylpyrazohne were obtained. This compound was and pyrazoline-3-carboxaldehyde diethyl acetal (4a). 
identical with that formed by addition of diazomethane Pyrolysis of the Pyrazoline-3-carboxaldehyde Acetals (a).— A 
to methyl vinyl ketone and is apparently a mixture of preheated sample of the pyrazolinyl acetal was placed in a
the tautomeric A1- and A2-pyrazolines. An infrared dropping funnel equipped with a pressure-equalizing tube and

,■ „  i i , . , 1  . vr attached to the top of a glass column packed to a distance of 26
absorption band at 1550 cm S ascribed to N = N  cmwithpieces of broken Pyrex glass tubing. A filter flask chilled
stretching, indicated that some A'-pyrazohne structure externally with ice was attached to the bottom of the column and
was present, although only conjugated carbonyl was a tube from the side arm led to another filter flask chilled with
indicated by absorption at 1670 cm-1. No previous Dry Ice. The column was heated to a temperature of 400-450°
report of this reaction of acrolein was found, but the ^  a furnace and the system was maintained at a pressure of 1

r  . , , :  , mm during dropwise addition of the pyrazolme. Products were
corresponding reaction of cinnamaldéhyde has been directly distilled under reduced pressure. (See Table I, compound 
reported8 to give 4-phenyl-2-pyrazoline-3-carboxalde- typ eb .)
hyde. When we repeated this reaction with a 1 :1  Hydrolysis of the Cyclopropanecarboxaldehyde Acetals.—To
ratio of reactants, an unstable mixture was obtained. °-9 2 m°f '° f the ac®tal was added 2 -5  ml of 1 N  trichloroacetic 
tt •  ̂ , 1 o ± i a i _ i acid, sufficient to form a homogeneous solution upon stirring.
Using an excess of diazomethane, 3-acetyl-4-phenyl- gome warmjng helped with the higher molecular weight acetals.
pyrazohne could be isolated m fairly good yield. Again The mixture was usually stirred for 3 -5  hr. I t  was then dried
as with the acrolein product, the infrared spectrum (MgSO,) and distilled, or directly distilled to give a two-phase
indicated that both 1-pyrazoline and 2-pyrazoline mixture of cyclopropanecarboxaldehyde and water, dried (MgSO<),
s tru ctu re s  w ore nrpspnt M pthncrolpin and diazO- and redistilled. Yields ranged from 60 (for 4b) to 96%  (for 2b),structures were present, iviethacroiem an a mazo 92_95° (690 mm) „ 25D i.4280 [lit.8 bp 97- 10 0° (740 mm),
methane reacted m the same manner and, with an excess 1.4302].
of diazomethane, 3-acetyl-3-methyl-l-pyrazoline was Reaction of Excess Diazomethane with «,S-Unsaturated 
obtained. Aldehydes. A. With Acrolein.— An ether-diazomethane mix

ture, prepared as previously described from 0.3 mol of Diazald,
. . . c  .. was distilled into an ice-cooled, stirred, 10%  solution of 0.1 mol of

Experimental ¡section acrolein in ether. Some amorphous orange solid, which was
Elemental analyses were performed by Galbraith Laboratories, apparently polymeric, precipitated during the addition. The

Knoxville, Tenn. Infrared spectra were obtained with a Beck- mixture was sealed in a pressure bottle and kept in a remgera or
man Model IR -5 . overnight. The solution was decanted from the gummy solid

Acrolein Acetals.—Acrolein diethyl acetal was prepared ac- and distillation gave a yellow liquid, bp 60 (0.5 mm), which
cording to the method of VanAllan.6 Various 2-vinyl-l,3-dioxo- quickly crystallized to an orange solid. Three reerystalhza ions
lanes or 2-vinyl-l,3-dioxanes were prepared from acrolein and from 10:1 ether-petroleum ether (bp 30-60 ) resulted in lg
the appropriate glycol in the presence of a catalytic amount of yellow crystals of 3-acetyl-2-pyrazoline: mp 60-62 , îr (GG<),
p-toluenesulfonic acid as described by Fischer and Smith:2 3400 (NH), 1670 (conjugated C = 0 ) ,  1550 (N N ), an
2-vinyl-1,3-dioxolane, bp 109-113° (690 mm), n26d 1.4281; 2- cm "1. This compound was identical m melting point and ir
vinyl-4-methyl-l,3-dioxolane, bp 50-51° (50 mm), re25d 1.4218; spectrum with the product of addition of diazomethane to methy l
2-vinyl-4,4,6-trimethyl-l,3-dioxane, bp 88-90° (53 mm), n 26D vinyl ketone, and a mixture melting point determination showed
1 .4359 . no depression.

Reaction of Diazomethane with Acrolein Acetals.— An ether B. With Metliacrolein.—A procedure similar to that above
solution of diazomethane, prepared by potassium hydroxide yielded 67%  of colorless, liquid 3-acetyl-3 -m ethyl-l-pyr^c)m e.
hydrolysis of p-tolylsulfonylmethylnitrosoamide ( “ Diazald,”  bp 44-45° (0.2 mm); n25n 1.4625; ir (neat) 1720 ( ),
_ _ _ _ _ _  1545 (N = N ), and 1447 cm “1.

(5 ) K .  K r a tz l a n d  E .  W ittm a n ,  Monatsh. Chem., 85, 7 (1954),
(6) J . A . V a n A lla n , “ O rg a n ic  S yn theses,”  C o ll.  V o l. I V ,  J o h n  W ile y  &  (7) T .  J ..d e B o e r a n d  H .  J . B a cke r, re f  6 , p  250.

Sons, In c . ,  N e w  Y o rk ,  N .  Y . ,  1963, p 21. (8 ) H . C . B ro w n  a nd  A . T s u k a m o to , J. Amer. Chem. Soc., 83, 2016 (1 9 o i; .
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A n al. Calcd for C6H i0N2O: C, 57.12; H , 7.99. Found: C, m eth od  rep o rte d  b y  In o u y e , e t  a l . , s fo r p re p a rin g  N-
56.92; H, 8 .22. a c y l  d e riv ativ es  of D -glucosam ine req u ired  th e  t r e a t -

The phenylhydrazone melted at 119-120°. The semicarbazone t  f superSa tu ra te d  solu tion  of D -glucosam ine
did not have a sharp melting point, deforming and carmellmng . , . . .. 6
at 230-240°. h yd roch lorid e  m  m eth an ol w ith  sod ium  m eth o xid e

A n al. Calcd for C8H iiN50 :  C, 42.60; H, 6 .54. Found: C, solu tion  follow ed b y  re m o v a l of p re c ip ita te d  sodium
42.49; H, 6.49. ch lorid e before a n y  acid  chlorid e o r an h y d rid e  w as

A sample of the ketone in ethanol was hydrogenated with ad d ed  fo r th e  reaCtion .
Raney nickel catalyst at 1000 psi and room temperature. Distil- , TT . , . . , , ,  , ,* AT i ,•
lation gave a very viscous, colorless liquid assumed to be i, Vie wish to  re p o ru h ere a  new  m e th o d  fo r N  a cy la tio n  
bp 89° (0.5 mm), ?i29d 1.4891. of D -glucosam ine, in  w hich  p -n itro p h cn v l esters  w ere

used  as a c y la tin g  agen ts.
CH3 Bodanszky9 first reported that amino groups of
I tyrosine and serine with unprotected hydroxyl groups

CH2-C  CHCH3 could be selectively acylated by p-nitrophenyl esters.
CH NH OH We found this reagent to be very effective for the N
\  /  acylation of amino sugars. This method was found to

N be simple, direct, and more convenient than all pre-
j viously reported methods.

Three typical N-acyl derivatives of D-glucosamine 
A nal. Calcd for C6Hi«N20 :  C, 55.35; H, 10.84; N , 21.52. were prepared by using p-nitrophenyl esters of acetic,

Found: C, 55.31; H, 10.27; N, 21.62. benzoic, and stearic acids.
C. With Cm nam aldehyde.-An ether-diazomethane solution Analytical data and physical constants for the three

prepared as described before, was distilled into a solution of AT , ■, . . . m t
cinnamaldehyde in ether. The product solution was sealed in a N-acyl-D-glucosammes prepared are given in Table I.
precooled pressure bottle and let stand for 2 days. Removal of A ll the three compounds show absorption maxima at
the ether gave a high yield of crude product, but an attempt to 510, 545, and 585 nm when submitted to the Morgan
distil this material resulted in decomposition of a considerable Elson color reaction as reported previously 19
amount of the desired product. The distillate crystallized to 
light yellow crystals. Three recrystallizations from ether-
petroleum ether gave colorless crystals, mp 100-101° [lit.9 light Experimental Section
yellow crystals, mp 101° (with some indication of lower melting
A1 isomer), prepared from benzalacetone and diazomethane]. Melting points were taken in open capillaries and are un-
The infrared spectrum in CCh showed bands at 3400 (N H ), 1720 corrected. Infrared spectra were determined with a Perkin-
( C = 0 ) ,  1670 (conjugated C = 0 ) ,  1545 (N = N ), and 1410 cm -1, Elmer Model 521 infrared spectrophotometer, and absorption
indicating a mixture of the 1-pyrazoline and 2-pyrazoline isomers. spectra in the visible range were obtained in Hilger Uvispeck

spectrophotometer, Model H700. Optical rotations Were mea- 
Registry No.-— l a ,  2 3 9 3 6 -7 1 -2 ; 2a, 2 3 9 3 6 -7 2 -3 ; 2b, sured with Hilger-Watts Model M-511 microptic photoelectric 

2 3 9 3 6 -7 3 -4 ; 3a, 2 3 9 3 6 -7 4 -5 ; 3b, 2 3 9 3 6 -7 5 -6 ; 4a, polarimeter.
2 3 9 3 6 -7 6 -7 ; 4b , 2 3 9 3 6 -7 7 -8 ; 3 -a c e ty l-3 -m e th y l-l -p y -  Preparation of N-Acyl Derivatives of n-G lucosam ine.-A  rep-

i : „  o «4. l o u  1 i r  resentative experimental procedure is as follows. To a solution of
razo lm e, 1 5 6 7 -9 5 -9 ; 3 -a c e ty l-3 -m e th y l-l-p y ra z o lm e  p.nitrophenyl acetate (181 mg, 1 mmol) in 1.4  ml of freshly
p hen ylh yd razone, 2 3 9 3 6 -7 9 -0 )  d iazom eth an e, 3 3 4 -8 8 -3 )  distilled dimethyl sulfoxide (DMSO) were added D-glucosamine
sem icarb azo n e of 3 -a c e ty  1 -3 -m eth yl-1-p yrazolin e , 2 3 9 3 6 -  hydrochloride (107 mg, 0.5 mmol) and triethylamine (0.07 ml,
8 1 - 4 ;  i, 2 3 9 3 6 -8 0 -3 . approx 0.5 mmol). Higher proportions of DMSO were required

to dissolve p-nitrophenyl benzoate and p-nitrophenyl stearate. 
Acknowledgment— This research was supported in The mixture was stirred for 1 hr at room temperature, and, after

part by a grant from the Petroleum Research Fund of ^anding for 4 days at 20°, the yellow mixture was diluted with
In A • /-II . , „ . , _  , . , , , 15 vol of dry methylene chloride (ca. ten times the volume of
th e  American Chemical Society. Grateful acknowledg- DMSO used). Excess of p-nitrophenyl acetate and triethylamine
ment is made to the donors of this fund. hydrochloride remained in solution and N-acetyl-D-glucosamine

gradually separated out. The mixture was centrifuged after 
(9) L . I .  S m ith  a n d  K  L . H o w a rd , j .  Amer. Chem. Soc., 6B, 165 (1943). being allowed to stand for 2 hr, and the residue was washed twice

with methylene chloride and three times with dry ether and 
finally dried over concentrated sulfuric acid. The yield was 
almsost quantitative. The crude material was crystallized from 

N A cylatio n  o f  D -G lucosam ine b y a New M ethod methanol by addition of ether to incipient turbidity.
Preparation of p-Nitrophenyl Stearate.— Stearic acid (2.3 g, 

H M u k er je e  0.008 mol) was refluxed with thionyl chloride (3 ml, 0 .04 mol) on
water bath for 4 hr and kept overnight at 20°. Excess thionyl 

. . .  chloride was removed in  vacuo at 100°. To the reaction product
Department o f  Agriculture, University College o f  Science, in the flask, dry pyridine (5 ml) was added while the flask was

Calcutta 19, In d ia  cooled in ice, and then, to this mixture, p-nitrophenol (2 g, 0.015
mol) in dry pyridine (10 ml) was added. Some solid appeared

P. R. P al1 in the flask which was dissolved by heating to 50°. The reaction
mixture was kept at 20° for 40 hr and then poured in crushed ice.

Department o f  Biochem istry, In d ian  Statistical Institute, The mixture was acidified to congo red with HsS0<> cooled in ice
Calcutta 35, In d ia  .............. ......

(2 ) R . K u h n  a n d  F . H a b e r, Chem. Ber., 8$ , 722 (1953).
. (3 ) A . N e u b e rg e r and  R . V . P i t t  R iv e rs , Biochem. J., 33, 1580 (1939).

Received November 3, 1969 (4) T. White, J .  Chem. Soc., 428 (1940).
AT A 1 J  • a * „ , (5 ) A .  S. Jones, M . A . G . K a y e , a nd  M .  S tacey, ibid., 5016 (1952).
A -A cyl derivatives of p-glucosamine are of great (6 1 w. r . Smithes, Biochem. j ., bs, xxix (1 9 5 3 ).

interest in biochemical studies. Several methods for <7:' s' Roseman and J- Ludowieg, j . Amer. chem . soc., 7 $, 3 0 1  (1 9 5 4 ).
the preparation of N-acyl derivatives of D-glucosamine In°uye' K' ° nodera’ S‘ KHaoka' and S' Hirano> im" 78' 4722
have been reported in the literature.2-7 The latest (9) m. Bodanszky, Nature, ns, 685 (1 9 5 5 ).

(10) Y .  In o u y e , K .  O nodera , a nd  S. K ita o k a ,  J .  Agr. Chem. Soc, Jap., 29,
(1) T o  w h o m  correspondence sh o u ld  be addressed. 139 (1955).
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T able I
N-Acyl D erivatives of d-Glucosamine

I r  (seconda ry am id e ),
Y ie ld ,  ,---------------C a lcd , % --------------- > ,--------------- F o u n d , % --------------- , -̂----------c m -1----------- •

D e r iv a t iv e  M p ,  °C  [a ]D  %  F o rm u la  C  H  N  C  H  N  > C = 0  > N H

N-Acetyl 206 + 3 9 .5 “ q C8H i60 6N 43 .43  6 .8 4  6 .3 3  43 .2 0  6 .8 0  6 .2 7  1625 3320
N-Benzoyl 198-200 + 3 5 .0 “ q Ci3H „ 0 6N 55 .12  6 .0 5  4 .9 5  54 .9 0  5 .9 5  4 .8 4  1630 3295
N-Stearoyl* 208 + 2 4 .3 “ 80 C24H470 6N 64 .6 8  10.63 3 .1 4  64 .53  10.50 2 .9 5  1640 3300

“ After 24 hr (c 2, water). b Inouye, et al.,a reported [<*]d + 7 8 ° . “ After 24 hr (c 1, pyridine) (q stands for almost quantitative).

for 1 hr, and filtered. The product was washed with water and investigate the reduction of N-chlorosulfonyl /3-lactams
yiff  l A,?■  T,he 7 ude product was dissolved in ethanol with an inorganic reducing agent such as sodium sulfite. 

(100 ml) by boiling, decolorized with charcoal, and filtered hot. rn, • , , . , . . . . .
On cooling p-nitrophenylstearate crystallized in needles, mp This compound was an obvious choice since it has been
68 .8 °. A n al. Calcd for C24H590 4N: C, 71 .0 ; H, 9 .69; N , 3 .40. known for some time that sodium sulfite is capable of
Found: C, 71.07; H , 9 .69 ; N, 3 .45 . reducing aliphatic and aromatic sulfonyl chlorides to

p-Nitrophenyl acetate and p-nitrophenyl benzoate were pre- the corresponding sulfmic acids.8 In the case of N-
pared as reported previously. chlorosulfonyl /3-Iactams such a reduction would give

Registry N o.—D-Glucosamine, 3416-24-8; p-nitro- the N-sulfinic acid which could readily lose sulfur
phenyl stearate, 14617-86-8 ; Table I (derivatives) — N- dioxide to afford the /3-lactam.
acetyl, 7512-17-6; N-benzoyl, 655-42-5; N-stearoyl, Experimentally it was found that such reductions 
24299-14-7. occurred within a few minutes and in high yield when

^ . , J _, _ a solution of the N-chlorosulfonyl /3-lactam in ether or
Acknowledgm ents.-Our thanks are due to Mrs. C. other suitable organic solvent was stirred with a 25%

D utt of Indian Association for the Cultivation of aqueous sodium sulfite solution at room temperature.
Science, Calcutta, for the microanalysis and to Mr. The H of the aqueous phase was kept slightly basic by
S Bhattacharya of Indian Statistical Institute, Cal- addition of 10% K OH solution as the reduction pro-
cutta, for techmcal assistance. ceeded. The advantages of the method are simplicity

(11) o .  F ernan dez a nd  c .  T o rre s , An. Real Soc. Espan Fta., s i ,  30 ( 1 9 2 3 ) .  o f  t h e  r e a c t i o n  a n d  i s o l a t i o n  p r o c e d u r e s ,  e a s y  a d a p t a -

(12) a . Picktet and e . Khotmsky, Ber., io ,  1165 (1907). tion to large-scale reactions, mild reaction conditions,
____________  and high yield of pure product. The reduction can be

run at 0°, thereby allowing reduction of heat sensitive 
R eduction  o f  N -C h lo ro su lfo n yl /3-Lactams to  N-chlorosulfonyl lactams.

j8-Lactam s w ith  S odiu m  S u lfite  When pure N-chlorosulfonyl /3-lactams were em
ployed, near-quantitative yields of /3-lactams could be 

T. Durst and M . J .  O’Sullivan isolated. In cases in which the N-chlorosulfonyl 0 -
lactams were thermally unstable and difficult to isolate, 

Department of Chemistry, e.g., those derived from isoprene or butadiene,2 the
University of Ottawa, Ottawa 2, C anada  reduction was carried out at 0° on the crude C S I-

, „  , olefin reaction product. The yields of /3-lactam based
Recewed February 17 ,1 9 7 0  on CSI were of the order of 70% (see Table I).

. , ,_nT. . _ . The structures assigned to the new lactams (from
Chlorosulfonyl isocyanate (CSI) has been shown to methylene cyclohexane and 1,3-cyclooctadiene) were

react with a variety of olefimc substances to give N- those ex cted on the basis of a two-step reaction
chlorosulfonyl /3-lactams.1-* These compounds have mechanism for the cycloaddition reaction j1 they are, in
been reduced by a variety of methods to /3-lactams, addition SUpported by spectroscopic and analytical
the overall reaction serving as an important route to data (see Experimental Section),
such compounds.

In general, the published procedures for the reduction 
step, (a) benzenethiol-pyridine in acetone at — 30°,6,6 Experimental Section
(b) potassium iodide in aqueous sodium hydroxide,1’5'6 Reactions of CSI with Olefins.— Known N-chlorosulfonyl fi
le ) Raney nickel in ethanol,8’6 aqueous hydrolysis,8 and lactams were prepared according to published procedures (see
(d) 4 N KOH  in acetone7 or saturated methanolic Table I). . , . , „ OT
K O H / have suffered from variable yields because of diene were hea/ed overnight in benzene at 5 0 +  The crude 
reaction conditions under which some N-chlorosulfonyl product obtained after washing the reaction mixture with water
/3-lactams are not stable (methods b to d) and difficul- and evaporating the benzene layer was extracted twice with
ties in separation of the desired lactams from biproducts pentane to remove unreacted diene. The oily material so ob-
/ ,i j  \ 6 tained (80% ) was pure by thin layer chromatography (tic).
' _ '  ' . The infrared spectrum (CHC13) showed a strong band at 5.52 p.

In connection with a problem in which we required Nmr peaks were at « l . 2 -2 .5  (8 H ), 3 .4 -4 .0  (l  H ), 5 .1 -5 .5  (l
large quantities of seveal /3-lactams, we decided to H ), and s .6 - 6.2  (2 H ).

CSI and Methylenecyclohexane.— CSI (3.5 g) was added
(1) Cf. R. Graf, Angew. Chem., 80, 179 (1968), for a recent review. dropwise to 2.4 g of methylenecyclohexane in 10 ml of ether at
(2 ) E . J . M o n c o n i a n d  W . C . M e y e r, Tetrahedron Lett., 3823 (1968). if\<> uW\ T? t A/r • • a t t? v  ii r n nu 99 ini« t 10 . The reaction mixture became semisolid with hne needles.(3) E . J. M o n c o n i and  J. F . K e lly ,  J. Org. Chem,., 33, 3036 (1968); J. e , ,  . u

Amer Chem Soc 88  3657 ( 1 9 6 6 )  The product was filtered and recrystallized from ether, yield
(4) ' L. A. Paquette’and T. J. Barton, ibid., 89, 5480 (1967). 5.1 g (96% ), mp 8 8-90°. The infrared spectrum showed the
(5) R . G ra f, Ann., 661, 111 (1963); Org. Syn„ 46, 51 (1966). ____________
(6 ) E . J . M o n c o n i a n d  W . C . C ra w fo rd , J. Org. Chem., S3, 370 (1968).
(7) L .  A . P a q u e tte  a nd  T .  K a k ih a n a , J. Amer. Chem. Soc., 90, 3897 (8) F , M u th  in  " H o u b e n  W e y l, M e th o d e n  d e r O rga n ischen  C h e m ie ,”

(1968). V o i. 9, 4 th  ed, E . M u lle r ,  E d ., G eorg  T h ie m e  V e rla g , S tu t tg a r t ,  1955, p  306.
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T able I  E valu ation  o f  th e  a *  P aram eter
R eduction of N-Chlorosulfonyl /3-Lactams with Na2S 0 3 for H alo d in itro m eth yl G roups

N -C h lo ro s u lfo n y l /3-lactam  Y ie ld ,
p re p a re d  fro m  /3-Lactam  %  R e f

CH L loyd A. K aplan and Hugh B . P ickard

H;c-____
2.3- Dimethyl-2-butene (a) ___ ¿ jj 92 5 Advanced Chemistry Division, U. S. N aval

Ordnance Laboratory, Silver Spring, M aryland 20910

J d
2-Methyl-2-butene (b) HjC—' n r ’ 98 5 Received October 31, 1969

H3C—I NH

CHa Hine and B ailey1 have determined the Taft a* pa-
r—f 0 rameter for a number of polynitroalkyl groups and noted

Methylenecyclohexane (c) 98 that the value of <7 * for the trinitromethyl group, 4.54,
is the largest recorded for an electrically neutral sub-

1.3- Cyclooctadiene (d) 97 stituent In connection With other studies, we re-
quired the <r* values for fluoro-, chloro-, and bromo- 

a .o dinitromethyl substituents. We have evaluated the
Norbornene (e) C J ^ C nh 77 3 v *  P a ra m e te r  fo r ta e s e  substituents by measuring the

rates of reaction of the corresponding 4-halo-4,4-di- 
jo nitrobutyric acids with diphenyldiazomethane in eth-

1.3- Butadiene° (f) 72 2 a n o l a t 3 0 ° .  T h ese  d a ta  a re  su m m arized  in  T a b le  I .

j o
Isoprene0 (g) \ __T J g  68 2 T able I

I R ate of R eaction of 4-Z-4,4-dinitrobutyric Acid with

3 Diphenyldiazomethane in E thanol at 30°
° N-Chlorosulfonyl lactam was not isolated. z fcitf-'m in-i

F  3 .5 6  ± 0 . 0 4
lactam band at 5.53 /i- Nmr absorption was at 5 1 .0 -2 .8 (10 Cl 3 36 ± 0  16“
H ) and 3.05 (s, 2 H ). g r 3 18 ±  0 03

A nal. Calcd for C8H12C1N03S: C, 4 0 .4 ; H , 5 .05 ; N, 5 .90. „ ,  „„ „ no t 8 Ud
Found: C, 40.17; H , 5 .05; N , 5 .82. 2-97 ±  °-03 at 25 •

Reaction of N-Chlorosulfonyl fl-Lactams with Na2S 0 3.
General Procedure.— A solution of N-chlorosulfonyl /3-lactam From these specific rate constants and the equation1 
dissolved in ether was added slowly to a stirred mixture of about
two parts 25%  aqueous sodium sulfite and one part ether. The log k  =  —0.105 +  1.174 a*
aqueous phase was kept slightly basic by addition of 10%  KOH
solution as the reduction proceeded. The reaction course could we obtained <r* values for the 3-halo-3,3-dinitropropyl
easily be followed by thin layer chromatography in which the functions (Table II). Though the error in the value
product had a considerably smaller R t value than the 
starting material. A t the  end of the reaction (usually less than 15
min) the ether layer was separated and dried and the solvent T able II
evaporated. The products were of greater than 95%  purity T aft <r* P arameters
as determined by nmr. The reduction could be carried out a  a*
either at 25 or 0 ° . —

l-Aza-2-keto[<5.2.0]bicyclodec-8-ene.— N-Chlorosulfonyl 0- 9 5 3 9  ±  0  005
lactam (2.25 g) was dissolved in 15 ml of ether and added to a C1C (jn0 2)2CH2CH2'1 0 .5 3 7  ±  0 .0 1 7
mixture of 5 ml of ether and 10 ml of 25%  aqueous sodium sulfite. BrC(NOs)2CHsCH2 0 .517  ±  0 0U4
The aqueous phase was kept between pH 7 and 8 by addition F C (N 0 2)26 4 .4
of 10%  KOH solution. After 15 min tic showed the absence of C1C(N 02)2(' 4 .2
starting material and the formation of only one ether soluble B rC (N 02)2i 4  1
product. The ether layer was separated and dried and the .  _  0 .538 ±  0.005 from 25° data. ’ * By multiplying „*
solvent was evaporated to yield 1.32 g (97% ) of solid. Recrystal- for Z C (N 02) CH CH bv (2 8 )s 
lization from ethanol gave colorless granules: mp 100- 101°; 2 2 2 '
ir (CHCls) 5.71 n; nmr (CDClj) S 1 .2 -2 .4  (8 H ), 3 .2 -3 .6  (1 H ),
4 .4 -4 .7 (l H ), 4 .2 -5 .0  (2 H ), and 6 .8 -7 .2  ( l  H ). of k  at 30° for 4-chloro-4,4-dinitrobutyric acid is unex-

A nal. Calcd for C9H I3NO: C, 71 .5 ; H, 8 .60 ; N, 9 .26 . plainedly about four times larger than that for the
H’„8;62’ N’ 9'10' , , . nom fluoro and bromo acids, measurements of the specific

l-Azaspiro[3.5]nonan-2-one was prepared as above in 98%  . .  , o r o , A ' , . . L ,  ,.
yield: colorless oil; bp 123° (4.2 mm); ir (CHCfi) 5.72 % r a te  a t  2 5  afforded a  m u ch  more precise value of the
nmr (CDC13) s 1 .3 -2 .0  (10 H ), 2.61 (d, <7 = 1 .5 cps, 2 H, collapses ra te  constant for the chloro acid (Table I) . Calculating
to singlet on addition of D 20 ) ,  7 .3 -8 .0  (broad singlet 1 H ). tr* for the 3-chloro-3,3-dinitropropyl function from the

A n al. Calcd for C8Hi3NO: C, 69.00; H, 9 .34 ; N, 10.07. 25° data gives a value which is essentially identical
with the one obtained from the 30 rate data.

Registry N o — Table I— lactam a, 17060-95-6; 
b, 24571-92-4; c, 24571-93-5; d, 24571-94-6; e, 24571- Experimental Section
95-7; f, 22937-11-7; g ,  20012-93-5; sodium sulfite, . . . . . .  _
1771-7 O0 „ ro r i  r. .... _ , ’ Preparation of 4-Halo-4,4-dimtrobutyric Acids.— The fluoro

" , ‘ > l ‘ a^ sPlr°[3.5]nonan-2-one, 24571-98-0; 1- acid, prepared by hydrolyzing the corresponding methyl ester,2 
aza-2-keto J6.2.0Jbicyclodec-8-ene, 24571-99-1. was obtained as colorless needles, mp 37-38°.

A . . , . . Chlorination and bromination of potassium methyl 4,4-dinitro-
CKnowleagmentS. rinancial support of this proj- buryrate in pentane afforded methyl 4-chloro- and methyl 4- 

ect by the National Research Council of Canada is ... T ~  w „  ,  „ , „ „
„ „ I , . . , . .  J  (1 ) J . H m e  a n d  W . C . 3 a ile y , J. Org. Chem., 2«, 2098 (1961).

gratefully acknowledged. (2) M. j . K a m ie t  a n d  h . g . A d o ip h , aid., j s , 3 0 7 3  <i»a8).
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,b: z r 4 ^ ^ r0butyrate’ r pec^ t -  crude esters were A lso, i t  h as b een  n o ted  th a t  co n v e n tio n a l fre e-rad ical  
hydrolyzed to the corresponding acids by refluxing with constant- ^  A j  u •
boiling hydrochloric acid for 8 hr. Recrystallization of the crude p oly m erizatio n  ot th is  m o n o m er in itia te d  b y  azoblSlSO-
acids from water gave 4-chloro-4,4-dinitrobutyric acid as a b u ty ro m trile  is sen sitive to  oxy g en  b u t u n affected  b y
granular, white solid, mp 95 .4 -9 6 .2 ° . th e  p resen ce  of o xy g en  w hen 7r-com p lex  e le c tro n  a c -

A naL  Calcd for C4H5C1N20 6: C, 22 .6 ; H , 2 .4 ; N, 13.2; ce p to rs  a re  used  as in itia to rs .4 F u r th e r , h igh ly  h in -

Ch 17 I,' 16 8 ’ ’ 9 ; ’ 2 ’5 ’ 2 '4 ; N ’ 12'6, 12'5; d ered  Phenols such as 2,6-di-f-butylphenol and 2,4-di-
The 4-bromo acid, mp 90-91° (lit.3 mp 88-89°), was obtained ¿-butylphenol, powerful inhibitors of free-radical chain

as glistening white plates. reactions, do not retard but rather accelerate the azo-
Kinetic Procedure.— Measurements of the rates of reaction of bisisobutyronitrile-initiated polymerization of N-vi- 

these acids with diphenyldiazomethane were carried out as de- nylcarbazole in methanol 6
scribed previously.4 The data summary in Table I results from a u , , , ,  , . .
at least five kinetic runs for each substrate. an earlier study we have reported that ferric ni

trate initiated polymerization of N-vinylcarbazole and
Registry No.—4-Chloro - 4,4 - dinitrobutyric acid, 4-vinylpyridine proceeding by a one-electron transfer

24057-18-9; 4-fluoro-4,4-dinitrobutyric acid, 15895- Process and that a dimer of N-vmylcarbazole, tr a n s -
15-5; 4-bromo-4,4-dinitrobutyric acid, 5029-14-1; di- L2-dicarbazylcyclobutane, was among the products.7 * *
phenyldiazomethane, 883-40-9. ln  extf lslon of this study we have examined the reac-

tion between N-vinylcarbazole and hydrogen per-

Acknowledgment.— This work was supported by the ^  ^  analW  to the interaction be-
Independent Research Fund of the U. S. N aval and be^ o y l  peroxide,« which
Ordnance Laboratory, Task IR-44. als° W ’ ’ ^ ^ ^ - d ic a r b a -

J  zylcyclobutane.
(3 ) k . K ia g e r, j . Org. chem.. i s ,  1 6 1  (1 9 5 1 ) .  ,  D ™ 11!? t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n ,  w e  h a v e

(4) h. e . R u s k ie  a nd  l. a. K a p la n , ibid., so, 3 1 9  (1965). found evidence of molecular oxygen participation in
the formation of this dimer when either ferric nitrate

--------------------  or hydrogen peroxide is employed as an oxidant. In
this note we wish to report our recent findings and sug- 

A n  U nu sual A spect o f  th e  D im erizatio n  o f  gest a role for molecular oxygen in the reaction sequence.
N -V inylcarbazole b y  Redox R eactions. When reaction mixtures containing 5.0 mmol of N-
T h e P artic ip a tio n  o f  M olecu lar O xygen vinylcarbazole and 0 05-0.5 mmol of ferric nitrate

(hydrate) in methanol-water medium (9:1 v/v) were 
Chi-H ua W ang1s stirred at room temperature under nitrogen atmosphere

over a period of 4 hr, they furnished some poly-N-
Department o f Chemistry, University o f  M assachusetts at vinylcarbazole of rather low molecular weight and a

Boston, Boston, M assachusetts 02116 trace amount oi dimer. The hydrolysis products of
the monomer, carbazole, and acetaldehyde isolated as 

Caroline Compton Sizman111 its 2,4-dinitrophenylhydrazone derivative were found
to be the major products. In open air, for the same 

Department o f  Chemistry, Wellesley College, period of time, it afforded the same dimer in 15-20%
Wellesley, M assachusetts 02181 of the theoretical yield in addition to the hydrolysis

products. Under a stream of oxygen with 0.05-0.5 
K enneth Stevenson mmol of ferric nitrate the yield of the dimer was raised to

, , 37-40%. Parallel observations were obtained when
Arthur D. Little, In c., Cambridge, M assachusetts 02138 hydrogen peroxide was used as oxidant under compa-

Received Sevtember U  1969 rabl? c°nditions- Under a nitrogen atmosphere, the
v  yield of the dimer was practically nil with concentra-

rp, , , . . tions of hydrogen peroxide varying from 0.057 to
The remarkable atypical features of polymerization 0.57 mmoL The bulk of the ield was found to be the

on N-vmylcarbazoIe by either an ionic or a free-radical hydroiysis product8. I n the presence of oxygen the
process have been recorded in a number of recent inves- dimer was obtained in 15_17%  yield. The c ^ e n tr a -
tigations. For example, it is difficult to present an tion of hydrogen peroxide in these reactions has no
adequate mechanism for the commercial preparation effect on the ield of the dimer. It is apparent that
of poly-N-vmylcarbazole employing sodium chromate oxygen is not used in the regeneration of the oxidants
m hot aqueous dispersion or to account for the following but nevertheless essential in the formation of the dimer,
observations when ^-complex electron acceptors such It seems neCessary for us to reexamine the mechanism
as p-chloraml, tetracyanoethylene, and trmitrobenzene of the dimer formation which we proposed in one of our
were used as initiators:2’3 water (which normally earlier report«
inhibits ionic polymerization), thiophene (a potent The interaction of molecular oxygen with free radi- 
retarder of conventional cationic propagation), and cajg js well known. The formation of the peroxy radi-
aerylomtrile (a material readily polymerized by radical cal by oxygen with the intermediary radicals in this
or anionic species) each have qualitatively no effect sequence of transformations should result in the forma-
on the polymerization oi N -vinylcarbazole.

(4) H .  S c o tt, T .  P . K o n e n , and  M .  M .  Labes, Polym. Lett., 2, 689 (19 6 4 ).
(1) (a) T o  w h o m  correspondence sh o u ld  be addressed; (b ) S e n io r H o n o rs  (5) C . H .  W a n g , u n p u b lis h e d  resu lts .

Thesis, W e lle s le y  C o llege, 1968. (6) C . H .  W a n g  Chem. Ind. (L o n d o n ), 751 (1964).
(2) L . P . E ll in g e r ,  Chem. Ind. (L o n d o n ), 1982 (1963). (7 ) S. M c K in le y ,  J . V . C ra w fo rd , a n d  C . H . W a n g , J. Org. Chem., 31,
(3 ) H .  S c o tt, G . A . M i l le r ,  a n d  M .  M .  Labes, Tetrahedron Lett., N o . 17, 1963 (1966).

1073 (1963). (8) L .  H o rn e r a nd  W . K irm s e , Justus Liebigs Ann. Chem., 567, 48 (19 5 5 ).
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tion of either a nitrogen peroxy radical, which is prac- and Bell), mp 67°, in 100 ml of 9 :1  methanol-water, 0.02 g
tically unknown, or the carbon peroxy radical. (5 x  6 mol) of ferricnitrate (Mallmckrodt), Fe(N 03 )3. 9H20 ,

was added. The mixture was stirred a t room temperature in 
open air and a white precipitate gradually appeared. At the 

h J  end of 4 hr the solid was collected. The yield was 0.25 g
L (co. 25% ): mp 189-192° (recrystallization from 1 :1  ethanol-

O  acetone raised the melting point to 191-193°); nmr Stms 7 -8 .2
J  (16 H, aromatic), 6.26 (2 H, N C H ), and 2 .4 -3 .2  (4 H, methylene),

l +  0 2 — *- — N—  A nal. Calcd for C28H22N2: C, 87.01; H , 5 .74 ; N , 7 .25;
S  I mol wt, 386.5. Found: C , 86.74; H, 5 .80 ; N, 7 .31 ; mol wt,
+ ^  373 (Rast method, Nagy), 386 (mass spectrum).
t \  /  All data correspond to the reported dimer, trans-l ,2-dicarbazyl-

. + . cyclobutane.10 Concentration of the filtrate by evaporation af-
+  0 2 — »■• P forded 0.2 g of another white solid, which was identified as carba-

| — (~\ zole by melting point and by comparison of their infrared spectra.
'  The mother liquid furnished acetaldehyde in co. 20%  yield based

+. on the isolation of acetaldehyde 2,4-dinitrophenylhydrazone, mp
( ' 'SN'/  abbreviated form of f jT Jj J ) 146-147° (lit.11 mp 148°).

| In other runs under identical conditions except with a gentle
>  I stream of oxygen, the yield of the dimer was 37-40%  of the theo-

retical; the yield was not altered when the reaction was carried 
out at —10° instead of at room temperature. Efforts to detect 

The formation of carbon peroxy radical will e v en - the presence of peroxide intermediate in both cases failed. Under
tually suppress the competitive reactions, namely, the ? ?tr®an\ f  nitrf en °nly a trace amount of the dimer was ob-
. , . r *  „ , AT 3  . , ’ - r ’ tamed. The rest of the products were qualitatively identified as
hydrolysis of the N-vmyl group and the chain re- carbazole, acetaldehyde, and perhaps some low molecular weight
action of N-vinylcarbazole polymerization. It is also poly-N-vinylcarbazole.
plausible that the carbon peroxy radical will add to Increasing the amount of ferric nitrate up to tenfold in other 
the carbon-carbon unsaturation, which will lead to r,u n s  ^  not substantially affect the corresponding yield of the 

the formation of the six-membered ring peroxide S p h e r e  PreSenC6 “  °Xygen °r * mtr°gen
intermediate and eventually to the final product. Parallel experiments were carried out between N-vinyl-

carbazole and hydrogen peroxide. In a typical run, 2.25 ml 
(5.7 X  10-6 mol) of 0 .06%  hydrogen peroxide (Baker Analyzed 

\ x j / ’ reagent, 3%  diluted to 0 .06%  with water) was added to a solu-
II I tion of 1 g (5.0 X  10-3 mol) of N-vinylcarbazole in 100 ml of

+ VsN- '̂ 9 :1  methanol-water solution. The solution was stirred at room
I L_. i  temperature for 4  hr under a stream of (a) oxygen and (b) nitrogen

|j +  0 2 *■ (~) O  *  and (c) in open air.
 ̂ • T  T The experiments were worked up essentially in the same

r S  (~) manner as in the previous ones. The yield of the dimer was ca.
j 10%  in a, 0%  in b, and ca. 3%  in c. Change of the amount of
— I hydrogen peroxide in each case did not alter the yield of the

I . dimer to an appreciable degree.

Registry N o.— ¿ran$-l,2-D icarbazyIcyclobutane, 
-| 1484-96-4.

t  ^  * (9 ) E le m e n ta ry  a n a lys is  was p e rfo rm e d  b y  M .  S. N a g y , M a s s a c h u s e tts
U s  v  ^  __  In s t i tu te  o f T e c h n o lo g y . M e lt in g  p o in ts  a re  n o t  co rre c te d . T h e  n m r  spec-

Y .  JL  /  /  ** t r u m  was recorded  b y  u s in g  a V a ria n  A-6G s p e c tro m e te r f ro m  A . D .  L i t t l e
\ _ / SvY n njsj: A n a ly t ic a l L a b o ra to rie s . T h e  mass sp e c tru m  was d on e  b y  u s in g  a A .E . I .

\  \  M S 9  mass s p e c tro m e te r w i th  th e  generous h e lp  f ro m  D r .  G . D u d e k ,  H a rv a rd
U n iv e rs ity .

(10) L .  P . E ll in g e r ,  J. F e n n e y , a n d  A .  L e d w ith ,  Monatsh. Chern,, 96 , 131 
(1965).

(11) G . R . C le m o  a n d  W . H .  P e rk in , J r .,  J. Chem. Soc., 125, 1804 (1 9 2 4 ).

Sodiu m  A rylsu lfo n ates from  P h enols

02 +  □  Jambs E . Cooper and James M. Paul

F ield  Research Laboratory,
M obil Research and Development Corporation,

The mechanism proposed is purely conjectural, since Dallas, Texas 75221
the isolation of the cylcic oxygen-containing inter
mediate was not fruitful and the detection of singlet Received November 13 ,1 9 6 9
oxygen was not carried out. However, the fact that
no dimer formed when oxygen was excluded lends Direct sulfonation of aromatic compounds often, 
credence to the direct participation of molecular oxygen yields mixtures of isomeric sulfonic acids which are 
in the dimer formation. difficult to separate; however, sulfur-containing com

pounds of other types can be prepared free of isomers. 
Experimental Section9 M any can be oxidized to sulfonic acids.1 The recently

Formation and Identification of the Dimer. To a solution of ( 1 ) E . E .  G ilb e r t,  "S u lfo n a tio n  a n d  R e la te d  R e a c tio n s ,"  In te rs c ie n c e
1 g  (5.0 X  10 3 mol) of N-vinylcarbazole (Matheson Coleman P u b lish e rs , N e w  Y o rk ,  N .  Y . ,  1965, p  2 0 1 .
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T able I
O-Aryl and S-Aryl  Dimethylthiocarbamates

------- C a lcd , %---------* ,---------F o u n d , % --------- ,
D im e th y lth io c a rb a m a te  M p ,  ° C  F o rm u la  R e g is try  N o . N  S N  S

O-Phenyl Liquid C9HuNOS 16241-04-6 7 .7 3  17.69
S-Phenyl 47-48 Same 7304-68-9 7 .81  17.72
0-2,6-Dimethylphenyl 84-85 CnHi5NOS 16241-12-6 6 .6 9  15.32 6 .6 8  15.24
S-2,6-Dimethylphenyl 4 2 .5 -4 3 .5  Same 16241-13-7 6 .7 1  15.19
0-2,6-Diisopropylphenyl 152 .5-154  C15H23NOS 24010-73-9 5 .2 8  12 .08  5 .3 4  12.02
S-2,6-Diisopropylphenyl 106 .5 -1 0 9  Same 24010-52-4 5 .4 3  12 .18

T able II
Sodium Arylsulfonates

--------------C a lcd , % - ----------- , ,-----------F o u n d , % -----------,
A r y l  g ro u p  Y ie ld ,  %  F o rm u la  R e g is try  N o . S N a  S N a

Benzene 6 3 .5  C6H5S 0 3N a 515-42-4 17 .80  12.76 17.74 12.67
2.6- Dimethylbenzene 5 5 .3  CaHsSCbNa 24010-54-6 15 .39  11 .04  15.21 11.04
2.6- Diisopropylbenzene 5 7 .7  C^HnSChNa 24010-55-7 12.13 8 .7 0  12.24 8 .8 0

T able III
D erivatives of Arylsulfonic Acids

' -------------------------------------- S u lfo n a m id e ---------------------------------------  '-------------------------- S -B e n z y lth iu ro n iu m  s a l t ---------------------------•
/-------C a lcd , % --------. — F o u n d , % ------- » ✓-------C a lcd , % -------  ̂ ,-------F o u n d , % — ,

A r y l  g ro u p  M p ,  °C  N  S N  S M p ,  ° C  N  S N  S

Benzene 151-152" 8 .91  2 0 .4 0  8 .6 3  20 .4 4  147-1486 8 .6 3  19 .77  8 .7 4  19.97
2.6- Dimethylbenzene' 114-115 7 .5 6  17.31 7 .6 5  17.09 160-161 7 .9 5  18.19 7 .8 6  17.96
2.6- Diisopropylbenzeneli 125-126 5 .8 0  13 .28  5 .5 8  13.10 200-201 6 .8 5  15.69 6 .8 8  15.84

° Lit. value, 150-150.5°: E . H. Huntress and J. S. Autenrieth, J .  Amer. Chem. Soc., 63, 3446 (1941). b Lit. value, 147.5-148.5°:
E . Chambers and G. W. W att, J .  Org. Chem., 6 , 376 (1941). '  Registry no.: for sulfonamide, 24010-56-8; for S-benzylthiuronium 
salt, 24010-58-0. d Registry no: for sulfonamide, 24010-57-9; for S-benzylthiuronium salt, 24010-59-1.

described Newman-Rwart rearrangement of O-aryl oxidizing isothiuronium derivatives of steroids.3 After
dimethylthiocarbamates to S-aryl dimethylthio- the oxidation reaction was complete, formic acid was
carbamates makes possible conversion of phenols into removed. The arylsulfonic acid was taken up in
organic sulfur compounds with sulfur attached to the water, and the pH was adjusted to 9 using 1 N sodium
aromatic ring.2 We now show these compounds hydroxide solution. W ater was removed by evap-
capable of being oxidized to arylsulfonic acids. The orating, and sodium arylsulfonate remained. Base 
overall scheme is illustrated below. must be added during evaporation of the water to

ensure removal of dimethylamine resulting from 
ArOH — >  ArOCSN(CH3)2 ——>  ArSCON(CH3)2 ArSOaH incomplete oxidation. Products were purified by

recrystallizing until further purification produced no 
Sodium benzenesulfonate, sodium 2,6-dimethyl- change in infrared spectrum. Yields and results of

benzenesulfonate, and sodium 2,6-diisopropylbenzene- elemental analyses are shown in Table II. In order to
sulfonate were prepared to illustrate the method. characterize the sodium arylsulfonates, S-benzyl-
Correct melting points for benzenesulfonamide and thiuronium derivatives and arylsulfonamides were
S-benzylthiuronium benzenesulfonate confirm that prepared. Melting points of the derivatives of sodium
benzenesulfonic acid is produced by oxidizing S-phenyl benzenesulfonate agree with those reported in the
dimethylthiocarbamate. Preparing sodium 2,6-di- literature. Elemental analyses of derivatives of the
methylbenzenesulfonate and sodium 2,6-diisopropylben- other sulfonates are satisfactory. These are given in
zenesulfonate shows that compounds not readily Table III.
available by other procedures can be synthesized Work reported here demonstrates that hydroxyl 
easily. Preparation of the latter demonstrates that groups of phenols can be replaced by sulfonate groups 
hindered sodium arylsulfonates can be made. even in the case of phenols as hindered as 2,6-diiso-

The O-aryl and the S-aryl dimethylthiocarbamates propylphenol. Since many techniques are available
were prepared by the method described by Newman for preparing variously substituted phenols, the
and Karnes.2 Melting points and elemental analyses procedure reported here makes possible the synthesis of
of these compounds are given in Table I. Since a wide variety of sulfonic acids free of isomeric im-
O-phenyl dimethylthiocarbamate is a liquid, purification purities.
by recrystallization is not possible, and, since it is _ . ± , _ ..
thermally unstable, distilling would lead to rearrange- xpenmen ec ion
ment. Physical constants are, therefore, not available Melting points were taken using a capillary melting point ap- 
fnr fhp m m nnunrl paratus and are corrected. Elemental analyses were by Gal-

0  , j  . ,1 1 braith Laboratories, Knoxville, Tenn. Phenol was Baker
Oxidation of the S-aryl compounds O y Analyzed; 2 ,6-dimethylphenol and 2 ,6 -diisopropylphenol were

sulfonic acids was accomplished using 30% hydrogen obtained from Aldrich Chemical Co.
peroxide as the oxidizing agent and formic acid as the Preparation of Sodium 2,6-Diisopropylbenzenesulfonate.—To 
solvent. A  similar procedure was used b y  Yoder for a 2000-ml, round-bottom flask was added a solution of 63.2 g

N otes  J .  Org. Chem., Vol. 35, No. 6, 1970 2047

(2) M. S. Newman and H. A. Karnes, J. Org. Chem., 31, 3980 (1966). (3) L. Yoder, ibid., 20, 1317 (1955).



(0.238 mol) of S-2,6-diisopropylphenyl dimethylthiocarbamate R a te s  an d  p ro d u ct d istrib u tion s w ere d e term in ed  
in 1000 ml of formic acid. The solution was stirred with a mag- fo r  N -n itro -N -m e th y la n ilin e  an d  N -n itro -N -m e th y l-  
netic stirrer as 365 ml of 30%  hydrogen peroxide was added drop- aniline_2 ;6-ii2 a n d fo r N -n itro -N -m e th y l-p -to lu id in e  an d
wise. The mixture was stirred overnight. Formic acid was re- ’ .. . . J  ,,
moved under vacuum using a rotary evaporator. The 2,6-di- N -n itro -N -m e th y l-p -to lu id in e -2 -f . T h e  re su lts  a re
isopropylbenzenesulfonic acid was taken up in water, and the pH listed  in  T a b le  I . I t  is ob vious t h a t  d e u te riu m  o r
was adjusted to 9 using 1 N  NaOH solution. The water was 
removed by evaporating on a steam bath. The pH was checked
periodically during the evaporation and was maintained at 9 by I able 1
adding 1 N  NaOH solution. Sodium 2,6-diisopropylbenzene- E ffec t  of I sotopic R eplacement of
sulfonate was recrystallized several times by being dissolved in Aromatic-R ing Hydrogens on the
water and precipitated by saturating the solution with NaCl at Aromatic N itramine R earrangement
the boUing point. The white^crystalline product was dried in Compd 1QIfc(91s<rl orth< % p„ a *  %
an 80 vacuum oven. A yield of 36.3 g (0.137 mol, 57 .7% ) of
product was obtained. N-Nitro-N-methyl-

aniline“ 1 .63  ±  0 .0 4  4 7 .9  ±  1 .4  2 9 .3  ±  0 .1
---------------------------- N-Nitro-N-methyl-

aniline-2,6-(h“ 1 .66  ±  0 .0 7  4 7 .8  ±  1 .0  2 9 .9  ±  0 .5
T h e  A c i d - C a t a l y z e d  N i t r a m i n e  R e a r r a n g e m e n t .  % 2-h * % 2-t/

V . T h e  E f f e c t  o f  I s o t o p i c  R e p l a c e m e n t  N-Nitro-N-methyl-
p-toluidine6 2 .6 5  ±  0 .0 3  100

o f  A r o m a t i c  R i n g  H y d r o g e n s 1- 3 N-Nitro-N-methyl-
p-toluidine-2-i11 2 .6 9  ±  0 .0 3  48 ±  2 52 ±  2

W illiam N. W hite, J . T errence Golden, „ Rearrangement was carried out at 40.0° in 0.511 M  aqueous
and D agnija L azdins HC104 containing 0.500 M  NaC104. 6 Rearrangement was

carried out at 20.0° in 0.204 M  aqueous HC104 containing 0.807 
Department o f  Chemistry, The Ohio State University, M  NaC104. c Per cent of 2-nitro-N-methylaniline in the product.

Columbus, Ohio 43210, and Department o f  Chemistry, d Per cent of 4-nitro-N-methylaniline in the product. e Per cent
University o f  Vermont, Burlington, Vermont 05401 of 2-nitro-N-methyl-p-toluidine in the nitrated product. 1 Per

cent of 2-nitro-N-methyl-p-toluidine-2-i-in the nitrated product.
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tritiu m  su b stitu tio n  a t  th e  m ig ratio n  te rm in u s  did  

T h e  d e te ctio n  of specific ac id  c a ta ly sis  fo r th e  a ro - n o t affect e ith er th e  ra te  of re a rra n g e m e n t o r th e  
m a tic  n itra m in e  re a rra n g e m e n t113 show ed th a t  th e  d istrib u tion  of p ro d u cts .
ra te -d e te rm in in g  p ro cess  in  th is  re a c tio n  follow ed th e  T h ese  resu lts  d e m o n stra te  t h a t  p ro to n  loss (s tep  3 )  
p ro to n a tio n  step . T h e  ob served  su b stitu e n t effects1.0 is n o t in volv ed  in  d eterm in in g  th e  r a te  of th e  o v erall
su ggested  th a t  th e  b reak in g  of th e  a m in e -n itro  grou p  re a c tio n  an d  th a t ,  in  fa c t , p ro to n  loss m u st b e a  re la -
bon d  (C h a rt  I ,  step  2 ) w as ra te  lim iting. T o  su b sta n - tiv e ly  fa s t, facile , low  a c tiv a tio n  en ergy  ste p  in  co m 

p arison  w ith  o th e r  ch an ges t h a t  o c c u r in  th e  fo rw ard  
Chart I p rog ress of th e  re a ctio n . T h e  first of th e se  p o in ts

Me Me is p ro v e d  b y  th e  finding th a t  th e  r a te  of a p p e a ra n ce
j j 1+ 2 p ro d u ct w as n o t a t  all a ffected  b y  iso top ic su b stitu -

PhNN02 +  HA A_ +  PhNN02 *■ tion . I f  th e  a c tiv a tio n  en erg y  of s te p  3  w as of signifi-
jlj c a n t m ag n itu d e, th e n  th e  p en tad ien im in e ca tio n  in te r

m e d ia te  should  a ccu m u la te  an d  th e  ra te  of p ro d u ct  
+ + “I fo rm a tio n  should  b e d eterm in ed  b y  its  d eco m p ositio n .

a 1 e 6 S ince its  b reak d ow n  depends on  th e  scission  of a
+  ca rb o n -h y d ro g e n  bond, th e  p ro cess  should  be slow ed

j !  N^ z ° ZN jj  if a  C - D  bon d  re p laces  th e  origin al C - H  b on d, an d
th e  ra te  of p ro d u ctio n  of n itroan ilin es fro m  n o rm a l  

j3 an d  d e u te ra te d  n itram in es should  h a v e  b een  d ifferent.
T h is re su lt also su p p o rts  th e  finding of specific ac id  

6 c a ta ly sis  in th e  n itram in e  re a rra n g e m e n t, sin ce  r a te -  
+  I I  lim itin g  p ro to n  loss (step  3 ) w ould h a v e  led to  g e n eral

N 02 0 2N a cid  ca ta ly sis .
I t  h as b een  su g gested  th a t  an  o r th o  p en tad ien im in e

tia te  th is  la t te r  assig n m en t, i t  w as d esirable to  ru le Cf o n  in t e ^ i a t e  in terv en es b etw een  th e  p ro to n a te d
o u t p ro to n  loss (s tep  3 ) as  being sign ifican t in  ra te  n itram in e  an d  th e  p a ra  p en tad ien im in e c a t i o n «  (C h a r t
o r  p ro d u ct d e term in atio n . T h is  w as acco m p lish ed  b y  U )A fJ e re a rra n g e m e n t follow s su ch  a p a th w a y  
exam in in g  th e  r e a c tiv ity  of n itram in es in  w h ich  th e  a n ?  s te P 2  “  ™ tf. d eterm in in g , th e n  n o r a t e  effect of
a ro m a tic  h yd rog en s w ere rep laced  b y  d eu teriu m  o r a t o p i c  su b stitu tio n  w ould b e ob served . H o w e v e r,
tritiu m  a to m s  11 step  4  w as rev ersib le  or sim ilar m  r a te  to  ste p  5,

‘ 1  ̂ d e u te ra tio n  of th e  2 ,6  p osition s of N -n itro -N -m e th y l-
(1 ) P re v io u s  pap ers  in  th is  series: (a) W . N .  W h ite ,  D .  L a zd in s , a n d  aniline should  lead  to  a  h igh er p ro p o rtio n  of p -nitrO -

h . s. white, j . Amer. Chem. Soe.. as, 1 5 1 7  (19 6 4 ); (b) W N . white, c . N -m eth y lan ilin e  in  th e  p ro d u ct, since C - D  b on ds a re

W h ite  and  j . r . m in k ,  j . Org. chem., 3 5 , 9 6 5  (1 9 7 0 ) .  h a rd  to  b re a k  an d  step  5  w ould be re ta rd e d . A lte r-
(2 ) P a r t  o f th is  w o rk  has been re p o rte d  in  p re lim in a ry  fo rm : W . N .

W h ite ,  J . R . K l in k ,  D .  L a zd in s , C . H a th a w a y , J . T .  G o ld e n , a n d  H .  S. (4 ) S. B ro w n s te in , C . A . B u n to n , a n d  E . D .  H ughes, J. Chem. Soc., 4534
W h ite , J. Amer. Chem. Soc., 83, 2024 (1961). (1958).

(3) T h is  w o rk  was s u p p o rte d  b y  G ra n ts  G -7345 a n d  G P -1 9 7 0  fro m  th e  (5) M .  J. S. D e w a r  in  “ M o le c u la r  R e a rra n g e m e n ts ,”  P a r t  I ,  P . de M a y o ,
N a tio n a l Science F o u n d a tio n . E d ., In te rs c ie n c e  P u b lish e rs , N e w  Y o rk ,  N .  Y . ,  1963, p p  3 0 6 -3 1 3 .
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Chart II  Experim ental Section

f 6 ¥ e p-Iodoaniline-2,6-d2.—A well-stirred mixture of 7.08 g of aniline-
PhNNO +  h a  — -  a-  . 2 ,4 ,6-d3,6 70 ml of water, and 9.64 g of sodium bicarbonate was

2 | 2 treated with 16.38 g of iodine (in 1-g portions) over a period of
X  45 min. The temperature was kept at 10° during the addition.

The mixture was then stirred at room temperature for 25 min. 
+ + The aqueous layer was decanted off and the residue was washed

a NHMe ^ s ^ jN H M e  several times with water by decantation. The remaining solid
T  was extracted four rimes with 100-ml portions of boiling petroleum

(NO) (ON'i/ / S s ^  ether (bp 30 -6 0 °). Concentration of these extracts afforded 8.8 g
H 2 V 2‘ 2 h  (35% ) of light tan crystals, mp 60 .0 -60 .5° (lit.7 mp 6 0°). A

small sample for analysis was purified by sublimation and re- 
15 |6 crystallized from petroleum ether.

Aniline-2,6-d2>—To a solution of 7.00 g of p-iodoaniline-2,6-d2
a NHMe ^ \ ^ N H M e  in 10 ml of dry ether was added 175 ml of 0.50 N  ra-butyllithium

r  j| in ether. After 5 min, the solution was cooled in an ice bath and

a solution of 35 ml of concentrated hydrochloric acid in 35 ml of 
N° 2 U2iS water was added as rapidly as possible. The resulting mixture

was concentrated to 20 ml, made basic with 10%  sodium hydrox-
natively, if step 4 was much faster than step 5, no ¥ ? ;f)andprexTitr,actf  with ether- The combined extracts were

., \ T , ,  , - , ’ dried over potassium carbonate and the ether was distilled off
O-mtro-N-methyianiime would be formed at all or, through a helices-packed column using a water bath at 50-55°.
if step 5 was more rapid than step 4, no p-nitro-N- The residual material was distilled to yield 1.48 g (21% ) of
methylaniline would be produced. None of these aniline-2,6-d2 as a clear, colorless liquid, bp 100° (25 mm)
possibilities is realized experimentally—N-nitro-N- 11®;4 T°0mm)].
methylamhne and its 2,6-dideuterio derivative rear- pared by alkaline nitration» of aniline-2,6-*, 
range at the same rate to give an identical product p-Toluidine-2-i.— A solution of 2.68 g of p-toluidine hydro-
consisting of both O- and p-nitro-N-methylaniline. chloride in 3 ml of tritiated water was heated at 85° for 24 hr.
Thus the mechanism of Chart I I  is incorrect— both The water was then evaporated. The residual solid was dissolved
o- and p-nitro-N-methylaniline must be formed from w?ter*ad ,t h e  resultifS  sol«tion w as freeze

. , r  J . , , ,  • , dried, th is  treatm ent w ith  ordinary w ater w as repeated four
an intermediate whose partition is not determined tim es. T h e  free am ine was precip itated  from  a filtered aqueous
by the ease of hydrogen loss. The latter process must solution b y  addition of 5 %  sodium hydroxide solution. T h e
occur readily and have a low activation energy. so (̂i was collected b y  filtration, w ashed w ith  w ater, and dried.

Negligible isotope effects are expected for reactions T W e w a s  obtained l .66 g ( 8 3 % ) of crude p-toluidine-2 -i, mp 
■ , . 34-35° ( lit . 10 mp 42.8°). T his m aterial w as com bined w ith  3.25

with very low activation energies in which the transi- g of norm al p . toluidine and the m ixture was crystallized from
tion state resembles the initial state. Thus step 5 petroleum  ether to give 4.7 g of colorless plates, mp 4 2 .5 -4 3 .5 °.
might not be subject to an isotope effect if its activation T h e 2,6-dibromo derivative  w as prepared b y  brom ination of 
energy was sufficiently small. However, if significant am ine jn acetic acid. I t  was crystallized from  petroleum

, t  ■ , , f  j v + u r m r  ether as w hite p lates, mp 78-79 ( lit . 11 mp 79°).
amounts of paraisomer are to be formed by the Chart N-Nitro-N-m ethyI-p-toluidine-2 - i . - T h i s  substance w as ob- 
I I  mechanism, then step 4  would have to have a rate tained b y  alkaline n itration 9 of p-toluidine-2 -£. 
and an activation energy similar to those of step 5. A  R earrangem ent of N-Nitro-N -m ethyl-p-toluidm e-2 -ri— In  a 
very low activation energy for an isomerization such typ ical reaction, 100.0 m l of 1.022 M  perchloric acid, 110.30 g
as step 4  is quite improbable. Thus the lack of an (0-900 m ol) of sodium  perchlorate and 5.0 g of sulfam ic acid
. , „  J , /  n  m i t i  n  • 1 w ere p laced  m  a  1 4 .  volu m etric flask . Sufficient w ater was added
isotope effect must be attributed to the inadequacy to  bring th e volum e to ca . 980 ml. T h e flask was then thermo- 
of the mechanism of Chart I I .  statted  for 45 m in a t  2 0 ° and a  solution of 125.1 mg of N -nitro-

A  similar conclusion can be derived from the behavior N -m ethyl-p-toluidine-2 -< in 1 0 . 0  ml of dioxane w as added. T he
of N-nitro-N-methyl-n-toluidine and its 2-tritiated de- contents w ere mixed and the volum e was brou gh t to  1  1 . b y

TT i i c j. *.-• i j  'x- addition oi w ater, th e  m ixture w as k ep t a t 20 for 90 min.
rivative. Hydrogen loss from the tritiated position A fter  adjustm ent of the p H  of the m ixture to ca . 8 . 5  w ith  
would be slowed SO that the mtro group migration sodium  hydroxide, it was extracted four tim es w ith  100-ml portions
to the 4  position would be relatively favored in the of ether. _ T h e  extracts w ere evaporated and the residue was
mechanism of Chart I I .  From that point the nitro dissolved in 3 ml of carbon tetrachloride and chrom atographed on

group may move back „„selectively to either of the
o i tho  positions or be lost from the molecule. The eluted by ca. 200 ml of the developer. The solvent was evapo-
results would be the same in either case— the N-methyl- rated and the residue was recrystallized twice from petroleum
2-nitro-4-toluidine formed would contain more tritium ether to yield 92 mg of red-orange N-methyl-2-nitro-4-toluidine- 
than anticipated for statistical replacement of the hy- 82“83 Oh.12 mp 84-85 )• _
. • ,1 ,, . . .  T. ,i , . I  he acetyl derivative of this amine was used in the radio-

d rogens m  th e  o ith o  p osition s. S ince th e  m ech an ism  activity assays. I t  was prepared by warming the amine with
of C h a rt  I I  lead s to  a  con clu sion  c o n tra ry  to  th e  acetic anhydride and a trace of sulfuric acid. The product,
ob served  re su lts , th e  m ech an ism  m u st b e in e rro r . thrice recrystallized from petroleum ether, melted at 64 .0-64 .5°

These results show that aromatic ring proton loss (ll*-13 mP.64°); .
,, , , , ., ■ , • Deuterium Analysis.— n-Iodoamline-2,6-a2, anilme-2,6 - * ,  andm the acid-catalyzed mtramme rearrangement is a _________

fast, low activation energy, kinetieally insignificant 161 P re p a re d  b y  th e  p ro ce d u re  d e scribed  b y  A . M u r r a y ,  I I I ,  a n d  D .  C .
m i  • r  „  __ j *  ; „  W illia m s , “ O rg a n ic  S yn thes is  w i th  Is o to p e s ,”  In te rs c ie n c e  P u b lish e rs ,process. This proves that any <7-bonded intermediates New York> N Y.f 1953, P 1441.

formed from the aromatic nitramine rapidly lose pro- (7) A . W . H o ffm a n , Justus Liebigs Ann. Chem., 67, 65 (1848).

tons to reform the benzenoid system. Thus such 5, SiTf t kK£,ho T ' ' ,6°t (i?9:?■' ,, ,
. J , . . . J ,, . . . , ,  (9 ) W . N .  W h ite ,  E .  F . W o lfa r th ,  J. R .  K l in k ,  J . K in d ig ,  C . H a th a w a y ,
intermediates cannot intervene as stepping stones a n d  d . L a t i n s ,  j . org. Chem., 2 6 , 4 1 2 4  (i96i>. 
to other intermediates of the same type, as has been (io) w. h. P e rk in , /. Chem. soc., 69,1 2 0 9  (1896). 

proposed in several mechanisms for the aromatic ni-
tramme rearrangement.4-6 ( 1 3 ) s. N ie m e n to w s k i, ibid., 2 0 , m e  ( i8 8 7 ) .
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N-nitro-N-methylaniline-2,6-d2 were assayed for their deuterium observe a reversal of configurational requirements for 
content by the falling-drop method.14 The sample was burned sweetness. Thus, in compounds where Ri was methyl
to water by vaporizing it into a stream of oxygen which carried Qr methoxycarbonyl and R , was cyclohexyl or an
the vapors first over the decomposition product of silver per- . . x tt
manganate (at 550°) and then over the decomposition product aromatic ring, only the l l  isomer was sweet. However,
of potassium permanganate. The condensed water was diluted in the case of Ri = methyl and R 2 = W-but3rl or iso-
quantitatively with ordinary water so that the final sample butyl the sweet isomer was LD. It  seemed highly
contained ca . 0.4 at. % deuterium. The drop time in isobutyl unlikely that in a biochemical reaction involving corn-
benzoate w as measured and compared w ith  the drop tim es tor , . . , ,. n , .  , . , , __
standard D20-H20 mixtures to obtain the atom per cent deu- Plexmg between an optically active substrate and an
terium in the sample. The standard deviation of the measure- enzyme site conformational specificity could be re-
ment was ca . ± 0 .8 % . Three determinations were made on each versed by a change from cyclohexyl to n-butyl when
sample. . the structural alteration was insulated from the asym-

« s u s r . s f r J i t  ¡ s K a f t & s « *  <•>*«- *  » » « * »  Wecwere. led'
N'-mtro-N-methylaniline-2,6-d2, 1-80 D atoms. These results therefore, to reexamine Tie absolute contigurations
were verified through independent analyses by a commercial previously assigned to 1-methylhexylamine and 1,4-
laboratory.15 dimethylpentylamine. 3

Radioactivity Assa37s.—p-Toluidine-2-f, 2,6-dibromo-4-tolui- 
dine (prepared from the p-toluidine-2-i), N-nitro-N-methyl-p- H2NCH(CH2C 0 2H ;C 0N H C H (R ,)C H 2R 2
toluidine-2-i, and the rearrangement product, N-methyl-2-

,  F «  °f consistency with the literature the
and POPOP dissolved in an ethanol (23%)-toluene (77%) mix- designations l and d w ill be retained. I t  must be
ture. Carefully weighed samples of the tritiated compounds were understood that for 1-methylalkylamines the assump-
dissolved in aliquots of the scintillator solution and the resulting tion is implicit that the methyl group represents the
sample solutions were counted. , . carboxyl group of the corresponding amino acid and

To correct for differential quenching effects of the various , ,  ,, , , . . , . , , .
compounds assayed, l ml of a solution of ethanol-i in toluene was ^he alkyl group represents the ammo acid side chain,
added to each sample after counting and also to a blank contain- This is true whether or not the amino acid SO described
ing only scintillator solution. The samples were then recounted. exists in nature or not. The Cahn-Ingold-Prelog4
By comparing the increases in activity of the samples to that of system involves a different assumption, namely,
the blank, the extent of quenching could be estimated and the , ^  • -j
actual sample counts could be corrected for this phenomenon. agreement on the sequence rules For ammo acids 

Relative activities were calculated from the counts per minute L — S ,  but for the derived 1-methylalkylammes L —
per millimole using the average activity of N-nitro-N-methyl- R which might introduce an element of confusion,
p-toluidine as a standard of comparison. The average relative However, for some of the compounds to be described
£ £  otoW±  the Cahn-Ingold-Prelog designation allows the argu-
0 .02 ; and N-methyl-2-nitro-4-acetotoluide-6-i, 0.52 ±  0.02. ment to be followed with  ̂ greater facility. Both

Rates of Rearrangement of Aromatic Nitramines.—The meth- systems will therefore be used in the present work, 
ods described in previous paperslb.° in this series were utilized to L-Leucine has been related to 1,3-dimethylbutylamine 
determine the kinetic constants for the acid-catalyzed rearrange- having a positive rotation in methanol.8 This amine 
ments of N-mtro-JN-methylamhne, N-mtro-JN-methylamhne- . , , , . , - , ,  , ,, , . ,, ,
2,6-d2, N-nitro-N-methyl-p-toluidine, and N-nitro-N-methyl-p- ls the closest analog to higher 1-methylalkylammes that 
toluidine-2-i. can be derived from a naturally occurring amino acid.

Spectrophotometric Analysis of Rearrangement Products.—  Resolution of 1,3-dimethylbutylamine, 1-methylhexyl- 
The percentages of o- and p-nitro-N-methylaniline obtained from amine, and 1,4-dimethylpentylamine was achieved by

f—  cry s ta llin e »  of the L-(+)-tart,ateS.- The 
results (Table I )  are the average of two determinations. bases were regenerated and distilled and rotations

measured both neat and in methanol. The neat 
Registry No.— N-Nitro-N-methylaniline, 7119-93-9; rotations were all negative; 1,3-dimethylbutylamine

N-nitro-N-methylaniline-2,6-c?2, 23998-84-7; N-nitro- had a p0Sdive rotation in methanol while 1-methyl-
N-methyl-p-toluidme, 23042-30-0; N-nitro-N-methyl- hexylamine and 1,4-dimethylpentylamine had negative
p-tolmdme-2-f, 23998-86-9. rotations in methanol. Treatment of resolved 1,3-

(14) h. c. B a rb o u r  and  w. f . H a m ilto n ,  j . Biol, chem., 69 , 6 2 5  (19 2 6 ); dimethylbutylamine with p-toluenesulfonyl chloride
j .  H o ra ce k , Coiled. Czech, chem. Commun., 26, (3 ), 7 7 2  ( 1 9 6 1 ) . i n  pyridine gave an amide identical with that obtained

(1-5) Josef N e m e th , U rb a n a , 111. ,  ,  .Irom L-leucme.
-------------------— As further evidence for absolute configuration of the

seven-carbon amines, partial resolution7'8 of 2-phenyl- 
A bsolute C on figuration  o f  1-M eth y la lk y la m in es  butyric acid was carried out. The absolute configura

tion of this acid is >S-(+).7 If an excess of an optically 
R obert H. M azur inactive acid is caused to  react with an optically

active amine and the transition state is similar to the 
Chemical Research Department, final product, then the resulting mixture of diastereo-

isomeric amides will contain an excess of the amide 
Received October u  1 9 6 0  representing the least hindered transition state. The

product can be analyzed easily by isolating unreacted

During a study of structure—taste relationships of (3 ) B . H a lp e rn , J . R icks , a n d  J . W . W e s tle y , Chem. Commun., 679 (1 9 6 6 ).

substituted isoasparagines,1'2 we were surprised to (4) R . S. C a h n , C . K .  In g o ld , a n d  y .  P re log , Angew. Chem. Int. Ed. Engl.,
6 ,3 8 5  (1966).

(1) E .  H .  M a z u r,  J . M .  S c h la tte r , a nd  A . H .  G o ld k a m p , J . Amer. Chem. (5 ) P . K a r r e r a n d  P . D in k e l,  Helv. Chim. Acta, 36, 122 (1953).
Soc., 91, 2684 (1969). (6) F . G . M a n n  a nd  J . W . G . P o rte r , J, Chem. Soc., 456 (1944).

(2) R . H .  M a z u r ,  A . H .  G o ld k a m p , P . A . Jam es, and  J . M .  S c h la tte r ,  (7) A . H o re a u , Tetrahedron Lett., 506 (19 6 1 ); 965 (1962).
J. Med. Chem., in  press. (8) O. C e rv in k a , Collect. Czech. Chem. Commun., 31, 1371 (1966).
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acid and finding its sign of rotation. This acid is the with hydrochloric acid and the unreacted 2-phenylbutyric acid
isomer giving the most hindered transition state and, taken up in ether; the ether extract was washed twice with water,
if the absolute configuration of the acid is known, the c*I4ed -°Ter S0(^um sulfate, and distilled. The residue was dried 
absolute configuration of the amine can often be de- h ™ „  f
duced. + 6 .3 °  (c 10, MeOH).

Coupling of the three amines with an excess of When optically active 1-methylhexylamine was used, unreacted 
2-phenylbutyric acid gave, in each case, recovered acid ^ PQgTlbutyric acid sll0Wecl [°P 6d + 7 -3 °  (neat), + 5 .7 °  (c 10,
with a positive neat rotation and positive rotation in L n!' . , .

,, , c,. ,, , , , \ ,, Wden optically active 1,4-dimethylpentylamme was used, un
methanol. since the structural changes among the reacted 2-phenylbutyric acid had [<*]27d + 8 .4 °  (neat), + 6 .5 °
three amines are not likely to alter group interactions (c 10, M e O H )/ ' . . .  .......
in the 2-phenylbutyramides, 1-methylhexylamine and ^
1,4-dimethylpentylamine have the same absolute Registry No..— 1-Methylhexylamine, 6240-90-0; 1- 
configurationas 1,3-dimethylbutylamine, nam elyR-(-) methylhexy 1 arnine tartrate, 24118-68-1; 1,4-dimethyl-
referred to neat rotations. As was mentioned above, pentylamine, 24110-97-2; 1,4-dimethylpentylamine
in this series of amines R = l and taste turned out to be tartrate, 24215-84-7; 1,3-dimethylbutylamine tartrate,
a reliable guide to absolute configuration. 24118-69-2; 1,3-dimethylbutylamine toluene sulfon

amide, 24118-70-5.

Experimental Section

Elemental analyses were done under the direction of E . Zielin
ski and rotations under the direction of A. J .  Damascus. Melt- R eaction  o f  Perfluoro Olefins w ith
ing points were determined in a stirred bath and are uncorrected. „  . .

Resolutions.— 1,3-Dimethylbutylamine (101 g, 1.0 mol) and B rom ine lr in u o rid e  m  B rom ine
150 g (1.0 mol) of L -( +  )-tartaric acid were dissolved in 600 ml of
methanol, and the solution allowed to stand overnight at room E lizabeth S. L o,1 J osephine D. R eadio,2
temperature. The product (98.2 g) was crystallized three times and Hyman I serson
from 2.5 parts of methanol to yield 41.2 g of the tartrate salt, mp

c!„h !,N 0 6■ V +hO :+ C ,'46 .68 ; H, S ^ N ,  5 + 4 ^ ' Found! ( J  Research Department, Thiokol Chemical Corporation,
46.91; H , 8 .50 ; N ,5 .4 6 . 1  ranion, ew j  ersey uoou/

The above tartrate (30.2 g, 0.12 mol) was suspended in 150 ml 
of ether plus 50 ml of water. Sodium hydroxide (50% , 20 ml, Received October $1, 1969
0.36 mol) was added and the mixture shaken vigorously. The
ether layer was washed with 25 ml of 5 M potassium carbonate, Bromine trifluoride has been used as a source of 
and dried over anhydrous potassium carbonate; the ether was tj- f  ■ nro.Qr,;„ e
distilled. The residue was fractionated to yield 9.96 g (82% ) of ^ pactions however, the references
1,3-dimethylbutylamine: bp 106-107°; [ « P d —11.2° (neat), a re  *ew' ' Chambers, et a l . } have reported the addi-
+ 3 .5 °  (c 1, MeOH) [lit.9 - 1 0 .7 °  (neat)]. A nal. Calcd for tion of BrF to hexafluoropropene to give the 2-bromo 
C6H15N : N, 13.84. Found: N, 13.65. derivative. No information is available concerning
, ^-Wethylhexyiamine tartrate had mp 109-110°; [«] +> + 19 .0° such  reactions with more complex perfluoro olefins,
(c 1, MeOH). A nal. Calcd for C11H23NO6: C, 49.80; H, rpi „
8 .74; N, 5 .28. Found: 0 ,4 9 .5 3 ;  H, 8 .90: N, 5 .12 . ™he P resen4 investigation concerns the reactions of

The free base had bp 140°; [«Pd - 6 .7 °  (neat)', - 0 .8 °  (c bromine trifluoride in bromine with some perfluoro-
10, MeOH). A n al. Calcd for C7HnN : N, 12.16. Found: heptenes and hexenes. Davis and Larsen,6 using
N> \2-‘2)- , , , . , , BrF3 in the presence of a large excess of Br2, have

by F in b ro -v o flu o ro e .W , In the 
H, 8 .74 ; N , 5 .28 . Found: C, 49.79; H, 8 .90 ; N, 5 .12 . present study no perfluoroalkanes were found. The

The free base had bp 133°; [<*]%> - 7 .2 °  (neat), - 0 .6 °  (c 10, major products of the reactive olefins are the perfluoro-
MeOH). A n al. Calcd for C7HnN : N , 12.16. Found: N, alkyl monobromides.
12'4w t , ,, , , ,  ,. , . T • , Perfluoroheptene-1 gave almost exclusively perfluoro-
N-p-toluenesulfonamide O-p-toluenesulfonate5 (8.50 g, 0.02 mol), ~ P (87%). Other fractions isolated in
mp 105-107°, [a]” D - 5 4 .1 °  (c 1, MeOH), was reduced with sma11 amounts were perfluoro-frans-2-bromoheptene-2
LiAlH4 in refluxing'ether. Crystallization of the crude product (4%) and perfluoro-frans-2-bromohexene-2 (9%). Per-
frorn n-pentane gave the desired amide, 3.29 g (65% ), mp 6 5 - fluoroheptane and 1-bromoheptane were absent in the
( c V s ^ t O H ) 3 '8 (c M e0H ): h t‘5 mp 62“63 ° ’ i“ ]1813 + 1 '4 ° crude product as shown by vpc analysis. Perfluoro-

Resolved 1,3-dimethylbutylamine (1.0 g, 0.01 mol) was treated heptene-2,7 synthesized by treating perfluoroheptene-1
with p-toluenesulfonyl chloride in pyridine. Crystallization of with cesium fluoride,8 gave a mixture of 50:50 per-
the crude product from ra-pentane yielded the toluenesulfon- fluoro-2-bromo- and -3-bromoheptanes.
amide 2.03 g (80% ), mp 6 5-67°, W * dr+ 4 5° (c 1 MeOH) The reaction of B rF3 in Br2 with the three isomericAnal. Calcd for Ci3H2iN 0 2S: C, 61.14; H, 8 .29 ; N, 5 .49;
S, 12.56. Found: C, 61.45; H, 8 .14 ; N , 5 .78 ; S, 12.73. . . _  , , , ,  _ , _

Asymmetric Syntheses.-R acem ic 2-phenylbutyric acid (9.84 ^  , ^ ¡ 7 "  addressed: 102 M a c le a n  C irc le ,  P r in c e -

g ,  0.06 mol) was dissolved in 50 ml of methylene chloride, and ° ¿ )  R e a c tio n  M o to rs  D iv is io n , T h io k o l C h e m ica l C o rp ., D e n v iU e , N  J 
4.04 g  (0.04 mol) of resolved 1,3-dimethylbutylamine was added. (3 ) w. K .  R . M u sg ra ve , Admn. Fluorine Chem., 1 ,1 2  ( i9 6 0 ) .
The mixture was stirred in an ice bath and 8.24 g (0.04 mol) of (4) E . T .  McBee, V. V . Lindgren, and W . B. Ligett, Ind. Eng. Chem., 39 ,
dicyclohexylcarbodiimide in 40 ml of methylene chloride was 378 (1947).
added. After stirring 0.5 hr at room temperature, the dicyclo- (5) R D. Chambers, W. K. R. Musgrave, and J. Savory, Proc. Chem.
hexylurea was removed by filtration and the methylene chloride Soc-Lonion' 113 (1961).

distilled. The residue was dissolved in ether and extracted with %  R; t  Da™ aad R R ' Larsen' J ' 0r° ' Chem" 3Z’ 3478 (1967)-
50 ml of 1 A  sodium hydroxide. The basic extract was acidified (7> ' ‘ e r ’ ,r "  A™er- Chem- Soc-  82> 3 0 9 1  ( i9 6 0 ) ,  h a d  p ro b a b ly

J snythesized  p e r f lu 3 ro h ep tene-2 ; how ever, n o  a t te m p t  was m ade  to  id e n t i fy
i t .

(9) R . H .  H o lm , A . C h a k ra v o rty ,  a n d  G. O. D u d e k , J. Amer. Chem. Soc., (8 ) R . N . D re sd n e r, F . N .  T lu m a c , a nd  J. A . Y o u n g , J. Org. Chem., SO,
86, 379 (1964). 3524 (1965).
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hexafluoropropene dimers9 gave only two mono- conformer population. Studies from — 105 to 80°
bromides. No perfluorohexane was found in the indicate that at -1 0 5 °  interconversion between con-
product. formers has not been slowed sufficiently so that in-

V iB F +  B r) dividual rotamers are observed.
r 3 n The high-resolution room-temperature nmr spectrum

trans-(CF3)2C F C F = C F C F 3 I 0f 5 shows the (CF3)2C F fluorines as an unsymmetrical
1 '  multiplet. The CF3C F 2 fluorines appear as a doublet

cfs-(CF3)2CFCF=CFCF3 + B rF •—>■  (C F3)2C FC F2C FB rC F3 0f doublets (,/ = 6.6 Hz). The individual members of
2 4 the A B  quartet (chemical-shift difference =  340 Hz at

(C F3)2C = C F C F 2C F3 + 24°) due to the geminal C F 2 fluorines are broad as are
3 (CF ) C FC FB rC F2 C F3 th e  C F B r  an d  O F  fluorines. T h e  la t te r  show s d ou b let

5 structure due to coupling with the adjacent CFBr.
Spectra obtained at low temperature (— 105°) show the 

As was evident from the data in Table I, the forma- following differences resulting from changes in con-
tion of these products arose almost exclusively from former population. The isopropyl C F/s are partially
the trans olefin 1. resolved (<t> 69.4 and 70.0). The chemical-shift

difference of the geminal C F 2 fluorines increases to 
Tablb 1 392 Hz. Both CFBr and (CF3)2CF fluorines experi-

R eaction of H exafluoropropene Dimer with B rF3-B r2 ence Upfielci shifts as the temperature is lowered
%“ pre se n t be fo re  %“ pre se n t a fte r  [CFBr, 141.3; (CF3),CF, 173.3 Hz], As in the Case of

S tru c tu re  re a c tio n  re a c tio n  \ . 7 . '  . , ,
1 43 12 53 4 no individual rotamers were observed.
2 7 0g 7 '^3 The above results indicated that bromoperfluoro
3 5 48 5  16  alkanes may be successfully prepared by the reaction of
4  0 37.46 certain perfluoro alkenes with bromine trifluoride in
5  0 37.72 bromine. In case of perfluoroheptene-1, the addition

° Area measurement by gas chromatographic analysis. of BrF was stereospecific and yielded only the 2-bromo
adduct. On the other hand, reactions involving 

The structures of the two perfluoro monobromides additions to internal double bonds such as perfluoro-
were assigned on the basis of the 19F nmr results. The heptene-2 and fraws-perfluoro-4-methylpentene-2 (1)
room temperature 19F nmr data of structures 4 and 5 led to nearly equal amounts of the two possible adducts
were given in Table II. and thus proceeded with little selectivity. The ap

parent difference in reactivity between structures 1 
T able II and 2 and structures 2 and cfs-perfluoroheptene-2

,______ 4----------- , ,------------ s------------ , clearly resulted from the steric effect of the large
$ J <t> J perfluoroisopropyl group next to an internal double

(CF3)2C F - 72.2 69.4 bond. This observation was further substantiated by
C F3-  75.5 77.9 the fact that the highly substituted double bonds of

98-2- -4 296 109.5, 114.5 283 hexafluoropropene trimer9 did not give BrF adducts

C F B r- 142 l ’ 1 1 3  7  137 7 122  4  under similar reaction conditions.
C F 180 .8  1 7 1 .5 ,1 7 2 .0

Experimental Section

The assignment of structure was based on chemical The chromatographic preparative-scale separations for per- 
shifts, area measurements, and observed coupling fluoroheptenes and their bromides were performed on a N ester-
patterns. The data are consistent with the conclusion Faust "Prepkro” unit using a column packed with 30%  SF-96 on
that structurally related fluorines which are closest to Chromosorb P  (24 ft X %  in .). The chromatographic prepara-
xi • xi i x , , tive scale separations for hexafluoropropene dimers and their
the C FB r group in the above two compounds will be bromides werg performed on a Wilkens Autoprep Model A 700
deshielded to the greatest extent. T im  deshieldmg utilizing a column at 60° packed with 30% SE-30 on Chromosorb 
effect of the perfluoroisopropyl group is likewise con- W (20 ft X 3/s in .). The elemental analyses were performed by 
sidered Schwarzkopf Microanalvtical Laboratories, Woodside, N. Y.

The high-resolution nmr spectrum of 4 shows com- spectra Tere■ °*<tainf  , a Perkin-Elmer Model 137
. , . ,, \ double-beam spectrophotometer. I h e 19̂  nmr spectra were ob-

plex multiplets for (C F 3) 2C F , C F s C F B r , and ( C F 3J2C F  tained with a 60-MHz Yarian DP-60 spectrometer. Spectra
fluorines, while the C F 2 and C F B r  nuclei appear as were calibrated by the side-band modulation technique using a
broad unresolved peaks. The (C F 3) 2C F  fluorines which Hewlett-Packard wide range oscillator. All 19F  chemical shifts
give essentially one absorption at room temperature were determined with CFC13 as an internal standard. Sample
a re  seen as tw n d istin ct sio-nals (71 7  and 7 0  8 ) a t low  concentrations were approximately 20-40%  by weight in CFCL.are seen as two distinct signals (7 1 .7  and 7 9 .8 )  at low A Bendix time-of-flight mass spectrometer (Model 12-101) with
temperature ( —105 ). The individual members of the source elements S14-107 was employed to record the mass spectra
AB quartet attributed to the C F 2 geminal fluorines are a t7 0 e V .
unaffected by variations in temperature. The chem- Reaction of Perfluoroheptene-1 with Bromine Trifluoride and
ical-shift difference, however, increases from 505 Hz Bromine .-B rom in e trifluoride (0.06 mol) and bromine (0.12  

, ~A0 , r/»0 t t  /  irvro t t  r  i t i -pi • i mol) were placed m an ice-cooled flask equipped with a ther-
at 2 4  to 568 Hz at 105 . Upheld shifts in the peak mometer, a dropping funnel, a reflux condenser, and a stirrer,
positions of the CFBr and (CF3)2CF fluorines [CFBr, Perfluoroheptene-110 (0.143 mol) was added slowly to the B rF 3-
<t> 145.0; (CF3)2CF, <f> 181.4] occur with lowering of B r2 solution. The reaction was extremely exothermic. An ice
temperature. These observations reflect changes in was use<* to 4he reaction temperature at 40-50°

(9 ) S yn thes ized  a cco rd in g  to  W . J. B re h m , et al., U .  S. P a te n t 2,918,501 (10) S yn thes ized  a c c o rd in g  to  J . D . L a Z e rte , L . J . H a ls , T .  S. R e id , a n d
(1959). G . H . S m ith , J. Amer. Chem. Soc., 75, 4525 (1953).
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during the addition. After addition, stirring was continued for (2-bromo), C F3CF2C FB r, 117.0 (3-bromo), CF2C F2C FB r 119 5
1 • [  ‘ E xcessBrF9  and B r2 were decomposed by washing (2-bromo), C F3C F2CF2, 119.9 (3-bromo), CF„CF2CF2 123 1 (2-
With 10%  aqueous NaHSOs. The fluorocarbon layer was water bromo), C F3CF2, 127.0 (2-bromo +  3-bromo) C FB r 139 4
washed and dried (MgSOj). The crude product (89% ) was (3-bromo), C FB r, 141.1 (2-bromo). The infrared spectrum of
fractionated by gas chromatography. The following peaks were the mixture shows considerable band overlapping and the nres-
collected and identified. ence of the 3-bromo isomer could not be definitely established by

*  76? “o p  CF C - m  3 C F °rF  m  The maSS Spe°tm m  ° f the mixture> excePt for P « *^ ? Fo 1J 5 '3> C FiCFi, 1254 ,  C F = ,  W3 -1; intensities, was very similar to that obtained for the 2-bromo
f  7.45 (s), 7 -7-8 .6 , (vs), 8.82 and 8.95 (doublet, m ), 9.98 isomer with the C7F 15Br+ fragment being the highest fragment
(m), 10.6 (s), 10.9 (s), 12.65 (s), 13.48 (m), 13.9 (s), 14.3 (s), observed in the spectrum.
14.55 (w), 14.9 m (m ); mass spectrum m /e  (relative intensity) ion Reaction of Hexafluoropropene Dimer with Bromine Trifluo 
fn43. 341 (6 5, 6 .0) C6H,„ Br+; 243, 241 (2.9, 2 .5) C4F 6Br+; 231 ride in Bromine .-Hexafluoropropene dime“ C6F“ (300 g i
(0.7) C5F 9 , 219 (0.7) C4F 9+; 193, 191 (5.2, 4 .9 ) CsFiBr4"; mol) was added during 45 min to an ice-cooled solution of BrF*
181, 179 (24.3, 20.0) C4F 7 + and C2F 4B r+; 169 (2.9) C3F 7+; (46 g, 0.33 mol) in B r, (55 g, 0.33 mol) The product (340 g
150 (0.9) C3F 6+; 131, 129 (30.9, 8 .8 ) C3F 6+ and C F2B r+; 119 contained the three isomers of C6F i2 (I , 2 , 3 ), in different ratios
(42-1). 112 (1.9) C ,F4+; 100 (17.4) C2F 4+; 93 (14.8) (see text, Table I )  and the two isomers of C ^ B r  (4 5)! The
Sn ?m ’r lTr+79 4 ’7 ’ 4 3 ’ 69 C F3+; 50 (19.8) C F2+; 31 monobromides were separated from the dimers by fractional dis-
(80.0) Or . tillation. The mixed bromides have the following physical con-

Perfluoro-Cmns-2-bromo-heptene-2 (4 % ): 19F  nmr CF3C = C , stants: bp 97-100°, d n 1.9220; « “ d 1.3049- calcd molar refrac
1 2 ? ? ’c f - F 142 5 ’ CFf e n ? ;  tivity (M R) 37.5, found 3 9 .1 .’ The two b S t f i k
127.7, CF— , 142.o, lr (CFC13) 7.4 (m), 7 .6 -8 .5  (vs), 8.75 (s), fractionated by gas chromatography and analyzed bv mass
10.2 (w), 10.45 (w), 10.7 (m ), 10.82 (m ), 13.45 (m ), 14.1 (m ), spectroscopy and '9F  nmr. J  7
14.6 (m), 14.7 m (sh); mass spectrum m /e  (relative intensity) ion 4 : mass spectrum m /e  (relative intensity) ion 400 398 (0 7
393, 391 (7.0, 6 .5) C7F 12B r+; 374, 372 (0.7, 3.6), C7Fn B r+; 0 .6) C6F !3B r+ (parent ion); 381, 379 (0.3, 0 .2) C6Fi2B r+- 293’
293,291 (1.5, l . l ) C 5F8Br+; 243,241 (0.9, 0 .8) C4F 6Br+; 231 ,2 2 9  291 (0.8, 0 .7) C6F 8Br+; 243, 241 (0.1, 0 .2) C4F 6Br+- 231 229
(3.4, 3 .0) C3F 6Br+; 193 ,191  (1.5, 1.3) C3F 4Br+; 181 ,179 (31.6, (1.2, 0 .7) 193, 191 (0.7, 0 .3 ) C3F 4Br+ and C5F 7+ - ’ 181 ’(6.3)
30.2) C2F 4Br+; 169 (18.9) C3F 7+; 162, 160 (2.6, 1.6) C4F 6+ and C4F 7+; 169 (0.2) C3F 7+; 162 (1.2) C2F 3Br+and C4F 6+- 160 (0 9)
C2F 3Br+; 150 (1.3) C3F 6+; 1 3 1 ,1 2 9  (55.2, 13.2) C3F 5 and C F2- C2F 5Br+; 131, 129 (8 .8 , 1.8) C F2Br+ and C3F 5+ -’ 124 (0.4)
Br+; 119 (36.3) C2F 5+; 112 (3.2) C3F 4+; 100 (43.9) C2F 4+; 93 C4F 4+; 119 (0.9) C2F 5+; 112 (1.2) C3F 4+; 100 (4.7) C2F 4+- 93

^rwon P 3% ;+ 8 oi L9, (m ™ ; 9) ^  Br+; 69 (1° 0) CFii+; (5 '1} C,tFs+; 81> 79 (2 '6 ’ 1 ‘6) Br+i 69 (100.0) CF,+; 50 (2 .6 )
o 0 (2 0 .5 )C F , ; 3 1 (9 1 .0 )C F + . C F2+; 31 (17.6) CF+; ir 7 .6 -8 .5  (vs), 8.75 (s), 8.92 (s), 10.2

Perfluoro-2-bromoheptane (87% ): bp 114-116°, n“ D 1.3036; (s), 10.9 (s), 12.3 (s), 12.7 (m), 13.2 (s), 13.6 (s) 14 0 (w) 14 2
19F  nmr CFsCFBr, 0  76.0, CF3C F2, 81.8, CF2C FB r, 113.9, CF2- (s), 1 4 .4 M (s). W ' ( h
C F2C FB r, 119.5, C F3C F2CF2, 123.1, C F 3CF2, 127.1, C FB r, A nal. Calcd for C6Fi3B r: C, 18.06; F  61.91- Br 20 03
141.2; ir 7.4 (m), 7 .6 -9 .0  (s), 9.71 (m), 9.82 and 9.9 (doublet, Found: C, 18.20; F , 61.66; B r, 20.13.
m ), 10.2 (m), 10.6 (m ), 10.92 (s), 11.3 (m), 11.6 (w), 12.1 (w), 5: mass spectrum m /e  (relative intensity) ion 400, 398 (0.1
12.45 (m), 12.57 (m), 12.92 (m), 13.1 (w), 13.4 (s), 13.62 (s), 0 .2 ) C6F I3B r+ (parent ion); 381, 379 (0.1, 0 .1) C6Fi2B r+; 293^
14.1 (s), 14.7 m (s); mass spectrum m /e  (relative intensity) ion 291 (0.3, 0 .8) C6F 8B r+; 281, 279 (2.0, 1.7) C4F sBr+- 243 24l’
450, 448 (4.5 , 4 .0 ) C7F 15Br+ (parent ion); 431, 429 (0.9, 0 .8) (0.1, 0 .4) C4F 6Br+; 231, 229 (1.4, 0 .8) 193, 191 (0.9 ’o.3) C ,F4-
C7Fi4B r+; 231, 229 (5.0, 4 .3) C3F 6Br+; 219 (8.3) C4F 3+; 193,191 B r+ and C5F 7+; 181 (2.6) C4F 7+; 169 (0.4) C3F 7+-’ 162 (0.5)
(6.2, 5 .7 ) C3F 4B r+; 181, 179 (45.2, 37.6) C2F 4B r+; 169 (13.1) C2F 3B r+ and C4F 6+; 160 (0.3) C2F 3B r+; 131, 129 (7.8 3.3)
C3F 7+; 162, 160 (3.6 1.9) C2F 3B r+; 150 (3.8) C3F 6+; 1 3 1 ,1 2 9  C F2Br+ and C3F 5+; 124 (0.4) C4F 4+; 119 (2.1) C2F 5+- 1 1 2 (0 .9 )
(78.5, 14.3) C3F 6+ and C F2B r+; 119 (51.2) C2F 6+; 112 (4 .3) C3F 4+; 100 (1.9) C2F 4+; 93 (6 .1) C3F 3+; 81, 79 (1 .4* 1 1 ) Br+-
C3F 4+; 100 (51.3) C2F 4+; 93 (21.4) C3F 3+; 81, 79 (9.5, 4 .8 ) 69 (100.0) C F3+; 50 (2.6) C F2+; 31 (8.5) CF+- ir 7 6 -8  5 (vs)’
C2F 3+ and B r+; 69 (100) C F3+; 50 (10.7) CF2+; 31 (73.8) CF+. 8.72 (s), 8.99 (s), 9.13 (s), 10.18 (s), 11.2 (s), 11.5 (mj, 12.2 (m )’

Preparation of Perfluoroheptene-2.7— Perfluoroheptene-1 (100 12.38 (m), 13.2 (m ), 13.6 (s), 13.97 (s), and 14.3 m (s)
g) was heated under reflux (80-76°) with powdered cesium fluo- A nal. Calcd for C6F 13B r: C, 18.06; F ,  61.91; Br, 20.03.
ride (3 g) for 10 hr with stirring. The reaction mixture was Found: C, 18.07; F ,  61.71; B r, 20.26. 
washed with water, dried (M gS04), and distilled giving a fraction
(83 g) which boiled at 7 5 .5 -7 6 .5 ° . Vpc collections were carried Registry No.— Bromine trifluoride, 7 7 8 7 -7 1 -5 ; per- 
out at 20°. Area determinations indicated the presence of per- fluoroheptene-1, 3 5 5 -6 3 -5 ; perfluoro-(rans-2-bromo-

5 e ™ 7 ? ' , 2̂ 10-4 5 « ; r < " ? ; » ro - ‘r s-2 -b rom oh ep ten e-Perfluoro-£rans-heptene-2 : ir 6 .0  (C = C , w), 7.15 (m ), 7.45 ^  24057-16-7, pernuoro-2-bromoheptane, 24010-68-2;
(s), 7 .7 -8 .9  (vs), 9 .5  (m), 9.78 (m), 10.15 im), 10.65 (w), 10.8 perfluoro-frans-heptene-2, 24010-46-6; perfluoro-cts-
(w), 11.2 (s), 12.1 (m), 12.3 (m), 12.5 (m), 13.39 and 13.45 heptene-2, 24010-47-7; 4, 24010-48-8; 5, 24057-17-8.
(doublet, s), 13.8 (s), 14.0 (w), 14.4 (m), 14.7 m (w); I9F  nmr
CF3C = C , 4> 70.0, CF3C F2, 82.0, CF2C = C , 119.2, CF2C F2C = C , Acknowledgments.— The authors are indebted to Dr.
125.3, C F3CF2, 127.2, C F = C F , 158.3. S. W. Osborn for his interest and encouragement in this

Perfluoro-m-hePtene-2 : ir (C F O ,).5.9 (C = C  m) 7.5 (s), w ork to  M r . j .  Magazzu for laboratory assistance, 
7.9-8.7 (vs), 8.9 (s), 9.1 (m ), 9.4 (m), 9.6 (m), 9.8 (w), 10.2 (m ), j  l  t 4 i r  f  . , , . ’
10.68 (m), 10.9 (w), 11.3 (w), 12.5 (s), 13.45 (m), 13.68 and 13.8 an d  to  ^ h rlstak o s for the mass spectral determi-
M (doublet, s); 19F  nmr CF3C = C , 0  66.3, C F3C F2, 81.9, C F ,C = C , nations.
116.9, CF2C F2C = C , 124.1, C F3CF2, 127.1, C F2C F = , 137.7,
C F3CF==, 141.0. ----------------------------

Reaction of Perfluoroheptene-2 with Bromine Trifluoride and 
Bromine.— A mixture of trans- (82% ) and cis- (18% ) perfluoro- D irectin g  a C h lo rin atio n  R eaction
heptenes-2 (35 g, 0.1 mol) was allowed to react with a solution of
B rF 3 (5.5 g, 0.04 mol) and Br2 (12.8 g, 0.08 mol) as described g LI p ERRY
previously. The crude product contained about 10 g of the un
reacted perfluoroheptenes-2 (trans 80%  and cis 20% ) and 26 g
(58% ) of a colorless liquid. Vpc analysis of the colorless liquid M onsanto Company, Central Research Department,
at 130° showed one large peak with a shoulder. The peak and l j0Uls> M issouri 63166
shoulder were collected together and analyzed by :9F  nmr. Peak
intensity ratios indicated that there were two components present Received October 8, 1969
in 50 :50  ratio. They were identified as perfluoro-2 bromohep-

^  have been able to modify the course of the 
(2-bromo), CF3C F2C FB r, 78.8 (3-bromo), C F3C F2, 81.8 (2- reaction between chlorine and hexane by carrying out
bromo +  3-bromo), CF2C FB r, 113.4 (3-bromo), CF2C FB r, 113.9 the reaction in a “ molecular sieve.”  When hexane,

N otes  j .  Org. Chem., Vol. 35, No. 6, 1970 2053



absorbed at 150° in a synthetic zeolite, a Linde 13X Experimental Section
M o le cu la r S ieve, is tre a te d  w ith  chlorin e, th e  ra tio  of Analysis— The products of the reaction were analyzed by
secondary to primary chlorination rate constants vapor phase chromatography using a 14-ft column containing
rn XT „+nTri hnsisl =  k  / k  1 is 1 1—1 9 20%  Carbowax on Gas-Chrom P (column temperature of 200°,[R (calculated on an H-atom basis) -  V M »  L l  1.» ^ block at 275„; with a thermal detector). The concentra-
(the conversion of hexane being 1.0 and o.o/o, resp̂  c tions were estimated from the reCorder peak heights. Pure n a 
tively). Pretreatment of the sieve With chlorine terials and their mixtures were used to calibrate the vpc instru-
lowers the R value further, even though the chlorine is ment, but only one secondary monochloride was available in
desorbed before absorbing the hexane. pure form. Occasional confirmation of the identity of the in

dividual components was made via nmr. A single peak on the 
Conversion of hexane, % R chromatograph included all of the secondary monochlorohalides.

0 o_n o Any component which was present in an amount greater than
° - 7 1 -1 ’7 ' ' 0 .5%  would have been detected by the chromatograph.

11 ■8 1 ,9  M aterials.— Linde 5 X , 10X , and 13X Molecular Sieves (Union
52 2 -2 Carbide Corp) with 5-, 10-, and 13-A pores respectively, were

. used directly as received (Vi6-in. pellets). n-Hexane was M athe-
A t 150°, the homogeneous gas-phase reaction son Coleman and Bell Spectroquality; Cl2 was 99.965%  minimum

between chlorine and hexane yielded an R value of purity with less than 3 ppm of water; HC1 was 99.0%  minimum
2 7-3 7 (1-42%  conversion, 0.5-9-sec contact time, purity, dried over H2S 0 4 before use; the nitrogen has less than

i ' i  a - u  t o v a n o  nf 1 - 7 1  15 ppm of water and less than 0 .002%  oxygen.
and a  molar ratio range of chlorine to hexane o ). Absorption and Desorption of Hexane on the Sieves.— The
A  small quantity of dichlorinated products was also sieves were placed in a 30-in.-long, 25-mm-i.d. Pyrex tube and
obtained (e.g., less than 1%  in the product at 15%  dried at 350-370° for 2 hr and under a stream of nitrogen,
conversion of hexane), but these were not detected for Mixed vapors of hexane and nitrogen were passed through the
the sieve reactions. Values for R of 2.8-6.0 in the bed which was held at 150°. The absorption data were obtained
one sieve i c « . ™  gravinetncally. For desorption studies, pure nitrogen was
homogeneous gas phase have been reported ioi the passed through the bed containing the absorbed hexane. The
same or similar reactions.1“ 3 effluent from the Pyrex tube was trapped at 0 and —76° in a

The pore size of the sieve is critical. Openings of 5 series of traps. The absorption data were in reasonable agree-
A  a re  to o  sm all to  p erm it re co v e ry  of th e  p ro d u ct fro m  ment with those of Allen.4 . t l _,  . , „.
,, . • %  „r IQ A cotiofo^tnrv Onpn. Reaction of n-Hexane and Chlorme m the Molecular Sieves.—
th e  sieve. o O penings of 13 A a  _ y- P The game apparatus was uged as for absorption studies with the
ings of 10  A  a p p e a r to  be b ord erlin e m  v a lu e . _ additional precaution of eliminating free space before the sieve

T h e  in crease  in  th e  v alu e  of R as th e  co n version  is bed by the insertion of a close-fitting sealed Pyrex tube. W ater
in creased  m a y  be a ttrib u ta b le  to  d esorp tion  of h e x a n e  was removed from 65 to 72 g of sieves at 450-480°. Hexane
fro m  th e  sieve follow ed b y  re a c tio n  in  th e  h om ogen eou s was deposited on the sieve at 150° by absorption from a stream

, “ . ,. J  ® , of nitrogen. A mixture of chlorine and nitrogen was passed
p h ase. F r o m  d eso rp tion  exp erim en ts  W ith p u re  " over the sieve for a predetermined length of time (experimental
an e , w e h a v e  e stim a te d  th a t  a  m axim u m  of 10% of th e  range of 1 -4  min). The reactor was swept briefly with nitro-
h e x a n e  in  th e  sieve  could h a v e  re a c te d  in  th e  v a p o r  gen, and the hydrocarbon was displaced from the sieve with water
p h ase  w hen th e  to ta l  con version  exceed ed  15% . U n d e r vapor mixed with enough nitrogen to prevent a negative pressure
li • , „ n w m o  in  from forming. The time delay between the introduction of thethese circumstances, the molar ratio of chlorine to gtreasmg wag legg than *  gec. When the water was intro.
hexane in the vapor phase would be greater than duced, the effluent from the reactor was led through wet and Dry
100: 1 SO that reaction would be rapid. Ice traps in series. After separating and discarding the aqueous

Reviewers raised the question as to whether secon- phase, the excess chlorine in the trapped liquid was allowed to
dary chlorides which were formed may have been bleed into the atmosphere at 25 before analyzing the product.
T I T , !  i t T 1 r , • t„ ,„  p  Essentially all of the chlorinated product was trapped at 0 .

dehydrohalogenated selectively 0 S Fresh sieves were used for each experiment to avoid the problem
values. While no complete material balance was of react;0IX between HC1 and the sieves, which reaction was
obtained, the following experimental facts make such a shown to occur slowly.
p ossib ility  re m o te . (1 ) I n  th e  n o rm al sieve re a ctio n s, Homogeneous Gas-Phase Reaction of Chlorine and Hexane.—
no alkenes were found. The only by-product detected A Pyrex tube of 25-cc free volume served as the reactor. Mixed 

. . J n ^ . mi preheated streams of nitrogen, hexane, and chlorine were fed
was hexachlorobenzene in very small quantities, l  ne the reactor at 150°. The off-gases were trapped and analyzed
overall time of the »sieve reactions was 1—4  mm. as described above.
1-Chlorohexane, deposited on the 13X sieve at 150°, . __ TT 0
left there for 80 min, and removed with steam at 150°, ReSlstry N o.-H exane, 110-54-3.
yielded a mixture of alkenes and 1-chlorohexane. (2) Acknowledgment.— Analyses, other than vpc, were
When 5A sieves were used under normal reaction performed by J. H. Turney, R. Coffee, and J. C. Randall.
conditions, product recovery was not possible  ̂as A. L. Caviness assisted with the experimental work.
mentioned above. When the chlorination reaction
W as con tin u ed  fo r extended^ periods of tim e  o v e r 5  Synthetic Zeolites,” Thesis, Department of Chemistry, Clarkson College of
sieves w ith o u t th e  in tro d u ctio n  of s te a m , a  m ix tu re  of Technology, Oct 29,1964.
chlorohexanes was collected with an R ratio of 3.7-3.9, ____________
probably as a result of gas-phase chlorination. If
selective dehydrohalogenation of secondary chloro- P erflu o ro -t-b u ty l A lcoh ol and Its  E sters
hexanes occurred over sieves, the R value would
be abnormally low. (3) If dehydrohalogenation were F' J' Pavlik and p- e - Toren

the cause of low R values, the R value would not be the m  Company> St Paulj Minnesota 55101
increasing function of conversion noted in the text.

(1) I. Gabila, J. M . Tedder, and J. C. Walton, J .  Chem. Soc., B, 7, 604 Received Ju n e  25, 1969
(1966).

(2) J. M .  Tedder, and R. A .  Watson, Trans. Faraday Soc., 62, 1215 PerfluOTOalkylcarbillols a re  esp ecially  in te re stin g

(3) G. C. Fettes and J. H. Knox, Progr. Reaction Kinetics, 2, 1 (1964). b ecau se  of th e  largO e le c tro n e g a tiv ity  of th e  fluorine
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atom and consequently the large inductive effects of Acid hydrolysis of the perfluoro-f-butyl acetate (5) 
the perfluoroalkyl group or groups. was found to be very slow. Thus, after 94 hr only

The acidic properties of fluorine-containing alco- 10%  was hydrolyzed (0.1 N HC1 in aqueous acetone),
hols and the synthesis of perfluoro-i-butyl alcohols In addition to the inductive effects causing a partial
have been summarized by Dyatkin, Mochalina, and positive charge at the alkyl oxygen, site of cationic
Knunyants1 and by Filler and Schure.2 Dyatkin, attack, the steric effects of the ¿-butyl group appear to
et al, obtained perfluoro-i-butyl alcohol from per- be significant.
fluoro-2-nitroso-2-methylpropane by oxidation to the
nitrite and hydrolysis. Filler and Schure treated Experimental Section

(O 3J3O O (C F 3)3COJNO >  (C F 3)3C O H  is v e ry  toxic, 0.5 ppm . A t  0 -5° 277 g  of 7 5 %  i-C 4F 8 (1.05 mol)

C C l 3L i  w i t h  h e x a f lu o r o a c e to n e .  T h e  t r ic h lo r o  c o m - Wfa'lTmiu ^ W 1 ^ 2^ 0  nl l r° f.,30? '  H2? 2’ 55 m l of acetone, and 30 g 

p o u n d  w a s  t h e n  t r e a t e d  w i t h  a n t im o n y  p e n t a f lu o r id e  h 20  containing 56 g  d u rin g  85

t o  fo r m  t h e  p e r f lu o r o - i- b u t y l  a lc o h o l.  m in. Stirring w as continued for 3  hr a fter the addition of car-
(CF./bC O 4 - CC1 L i __ >  bonate; then the low boiling fluorocarbons w ere distilled out into

3 s b F 6  D ry  Ice cooled traps; there w as 167 g of product. Irsp ectro s-
(C F 3)2(CC 13) C 0 H -------->  (C F 3)3C O H  f° p y  showed the oxide absorption a t 6 . 6 6  /u. N m r spectroscopy

indicated the oxide structure: C F 3, </>* 69.6; C F 2, <j>* 109.2. 
The method used in our laboratory was to use per- T h e m olecular w eight utilizing a density balance w as 219, theo-

fluoroisobutene oxide as starting material. A  good retically  216. T he boiling p oin t of a purified fraction  is 3 °.
A nal. C alcd  for C 4F sO : C , 22.2; F , 70.4. Found: C

(C F 3)2C ------ C F 2 +  H F  +  S b F 6 — 5-  (C F 3)3C O H  2 2.1; F , 70.0.
\  /  Preparation or Perfluoro-l-butyl A lcohol.— T o  2 0  g (1.0 mol)

0  of anhydrous hydrogen fluoride and 5 g of antim ony pentafluoride
■ i , , , ,  i i i -  i , ■ , . , , 1 , .  in a 300-ml stainless steel autoclave w as charged 35 g  of crude

yield of the alcohol IS obtained and only catalytic perfluoroisobutylene oxide. T h e m ixture was agitated  in an
quantities of antimony pentafluoride are required. A m inco rocking mechanism  a t 100° for 16 h r. T h e product was
Preparation of the oxide, the alcohol, and esters of the tllen distilled out and passed through a steel tube (1 -in. diam  X
alcohol are described in the Experimental Section. 3 0  in/,lons]  containing sodium  fluoride pellets to rem ove hydrogen

T o  o b t a in  a n  e s t im a t e  o f  t h e  in d u c t iv e  e ffe c ts ,  p s e u d o -  T h e characteristic ir absorption for the h yd ro xy group is at 2 . 7 4

f ir s t -o r d e r  h y d r o ly s is  r a t e s  a t  p H  1 1  w e r e  d e te r m in e d  ¡x- T h e nm r spectrum  showed the tertiary  alcohol structure:
fo r  t h e  p e r f lu o r o - i - b u t y l  a c e t a t e  a n d  t r i f lu o r o a c e t a t e .  C F 3, <t>* 74.95; O H , T 6.64.

T h e s e  w e r e  c o m p a r e d  w i t h  t h o s e  f o r  1 , 1 ,1 - t r i f lu o r o -  2 oi>nCF  ^  C ’ 20-3; F ’ 72 -15 - F ound: C ,

e t h y l  a c e t a t e  a n d  t r i f lu o r o a c e t a t e  a n d  a ls o  t h o s e  f o r  ¿ e p a ’ration of E s te rs .-C o m p o u n d s  C F 3C H 2O O C C F 3, C F 3- 
© tliyl t r i f lu o r o a c e t a t e  and. e t l i y l  a c e t a t e .  T a b l e  I  C H 2O O C C H 3 , and C H 3C H 2O O C C F 3 w ere prepared b y  known
s h o w s  t h e  r e s u lt s  o b ta in e d .  m ethods and their ir spectra com pared fav o ra b ly  w ith  spectra of

authentic sam ples.
T atu f  T (CF 3 )3C O O C C H 3.— T o  1.90 g  (0.02 m ol) of 2-m ethylpyridine

'J was added dropwise a t 0 -5° 4.72 g  (0.02 m ol) of perfluoro-f-
F irst-Order Hydrolysis R ates of F luoro E sters b u ty l alcohol; then 4.2 g (0.02 m ol) of acetic anhydride w as

At  Controlled (Constant) p H  added w hile stirring m agn etically. Stirring w as continued at
1 1 1 2 , min, ,------------k, min- 1  x  1 0 *------------ , room tem perature for 48 hr. D istillation  of the m ixture gave

5 ° 5° 15° 25° 3 .1  g , bp 8 1-8 3 °, w hich was further purified b y  being passed
C H 3C H 2O O C C H 3 ( 1 ) 24 through D rierite  in  vacuo. T h e ir spectrum  showed the ester
C H 3C H 2O O C C F 3 (2 ) < 1  >6000 >6000 absorption at 5.43 M.

C F 3C H 2O O C C H 3 (3) 346 20 81 150 ^ I T f  60 6 °d ^  C ’ 25-9> P ' 6 1 -5 - F ound: C ,

^ H d l O C C F ,  (4) < 1  >6000 >6000 (CF 3)3C O O C C F 3.— T o  2.1 g  (0.02 m ol) of 2-m ethylpyridine
(C F 3)3C O O C C H 3 (5) 2 3 .6  294 1410 1962 cooled to 5 °, 4.2 g  (0.02 m ol) of trifluoroacetic anhydride was
(C F 3)3C O O C C F j (6 ) 3 .2  2160 >6000 added dropwise w ith  stirring; then 4.72 g  (0.02 m ol) of per-

fluoro-i-butyl alcohol was added slow ly. Stirring w as continued 
a t room tem perature for 48 hr. D istillation  of this m ixture gave 

D i s c u s s i o n  o f  H e  s u it  S a m ain fraction, bp 57—58° (740 m m ). T h e  ir showed good m a
terial; absorption for the carbonyl was found a t 5.40 ¡x. T he 

As expected, the inductive effects of the trifluoro- m aterial failed to give satisfactory a n alytical data,

acetate group are very pronounced under alkaline 2 o i p aF  6 5 ^ fOT C|iFl2^ 2: C ’ 2 1 '9; 68'6 ' F ound: C ,

h y d r o ly s is  c o n d it io n s .  T h e  t r i f lu o r o m e t h y l  g r o u p  a ls o  H ydrolysis D a t a .- R a t e s  of base hydrolysis are u su ally  deter- 
s h o w s  a n  i n d u c t iv e  e f f e c t  e v e n  t h o u g h  i t  is  s h ie ld e d  b y  mined b y  periodically rem oving sam ples of a reaction m ixture,
a n  o x y g e n  a n d  a  m e t h y le n e  g r o u p  (3 ) . T h e  in d u c t i v e  quenching the reaction w ith  a know n am ount of acid , and back-
e f f e c ts  o f  t h e  ¿ - b u t y l  g r o u p  (5) a r e  o v e r  f o u r t e e n  t im e s  titratin g the excess acid to determ ine the base content of the

t h a t  o f  t h e  t r i f lu o r o e t h y l  g r o u p ,  i n d ic a t in g  t h a t  in d u e -  snai? pfle ‘ P 11® p ,roc,edure rec*uires, at com plete “ j0 1 1
* i i ^  ® . . for each p oin t on th e hydrolysis curve and its accuracy is often

t i v e  e f f e c ts  a r e  a p p r e c i a b ly  m o r e  i m p o r t a n t  t h a n  s t e n c  lim ited because the sm all am ount of acid form ed b y  th e hydrolysis
effects. However, steric effects can be seen when 4 reaction is calculated from  the difference of tw o large quantities.
and 6 are compared; the perfluoro-i-butyl trifluoroace- T h e procedure used in this w ork is based on the m aintenance of a
t a t e  h a s  a h a lf - l i f e  o v e r  t h r e e  t im e s  a s  g r e a t  a s  t h e  c% f  an/ pHK in ^  r e ^ i- m  m ixture b y  the controlled addition
. . n i i i i - n  , , . re , n of standard base. 1  he am ount of base added a t  a n y  tim e is then
t r i f lu o r o e t h y l  t r i f lu o r o a c e t a t e .  T h e  s t e r ic  e f f e c ts  o f  a direct m easure of the acid form ed b y  the hydrolysis reaction,
t h e  p e r f lu o r o ^ - b u t y l  g r o u p  d o  e x t e n d  in  a  m e a s u r a b le  U nder constant p H  conditions, the reaction should follow  first-
d e g r e e  t o  t h e  c a r b o n y l  g r o u p . order kinetics and the p lo t of log concentration of ester vs. re

ciprocal tim e should be linear.
(1) B . L . Dyatkin, E . P. Mochalina and I. L .  Knunyants, Tetrahedron, 21, R ates of hydrolysis are obtained a t constant p H  b y  use of a

29911(1965). Radio-m eter T y p e  T T T - 1  autom atic titrator controlling a  motor-
(2 ) R. Filler and R . M. Schure, J. Org. Chem., 32,1217 (1967). driven G ilm ont m icropipet. Reactions are carried out in 50 ml
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of 1 :1  acetone-water solution contained in a 100-ml titration using N-i-butyl-4-nitrobenzamide (1) and 4-nitrobenz- 
vessel. Before addition of the sample, the controller is set at pH amide (2).
11, causing base to be delivered from the micropipet until this
pH reading is reached. (In this partly nonaqueous solvent, a pH / H
reading of 11 does not necessarily correspond to the hydroxyl ion N 02\ f j ) /  COIN% +  CH3COOBr — *•
concentration of 10-3 .) The amount of sample is determined \-----' x!(CH3)3
from the total base requirement of the complete reaction; at pH 1 g
11 the reverse reaction should be negligible. As the acid is pro- / i~ ^ \  rrw j ' '  , m c u
duced by hydrolysis of the ester, the pH of the solution tends to 2 \V—y
decrease, and the controller delivers more base from the micro-
pipet to maintain the pH reading at 11. The buret reading at /pN X
any time is a direct measure of the amount of acid produced by N 02 CONH, +  2CH3COOBr ——*■
hydrolysis and the hydrolysis curve can be obtained by plotting '— '
buret reading vs. time. 2

First-order rate constants are obtained from the slope of the rn \ m  a . opu rn n tr
plot of log of fraction of ester remaining vs. reciprocal time. The JNU2 CUNBr2 +  2CH3COOH
ester remaining at any time is proportional to the total base re-
quired for the completed reaction minus the base already added Table I gives the per cent yield of product before
at that time. any recry Stallization attempts were made and also

/ Ftotal — F A  _ _1 _ gives the percentage of theoretically possible active
s \ Ftotal / ktx bromine found.

The advantage of using acetyl hypobromite for 
Registry No.— Perfluoro-i-butyl alcohol, 2378-02-1; N-bromination of amides and imides, in addition to 

perfluoroisobutylene oxide, 707-13-1; (C F 3) 3C 0 O C C II:i, the nearly quantitative yield of product obtained, is
24165-09-1; (CF 3)3CO O CCF3, 24165-10-4. the ease with which the reactions can be carried out.

A  mixture of the reagent to be brominated and the 
carbon tetrachloride solution of acetyl hypobromite is

_ . . „ . . 1 1 stirred at room temperature from 15-60 min. The
N -B ro m in atio n  o f  A m id es, Im ides, and carbon tetrachloride solvent) the excess acetyl hyp0_

S u lfo n am id es w ith  A ce ty l H yp obrom ite bromite, and the acetic acid by-product are evaporated
at reduced pressure leaving essentially quantitative 

Thomas R. Beebe and James W. Wolfe yields of very pure product. The reactions were moni
tored visually. N,N-Dibromo and N-alkyl-N-bromo 

Department o f  Chemistry, B erea College, Berea, Kentucky JM 0 3  products dissolved in the carbon tetrachloride solvent
while N-bromoimides and monobromoamides settled 

Received December 29, 1969 to the bottom of the flask. Unreacted imides and
amides usually floated on top of the carbon tetrachloride 

The N-bromination of amides and imides has been solvent, 
accomplished by a number of workers. In most cases, A  homogeneous reaction was performed using 0.0128 
successful N-bromination of amides and imides has mmoi 0f SUCcmimide and 0.0140 mmol of acetyl hypo-
been done by using bromine in an aqueous alkaline bromite in 50 ml of methylene chloride. An attempt
medium . 1 However, several investigators have de- to follow the reaction by uv methods failed since the
vised N-brominating methods for specific compounds. reaction was too fast. The reaction for N-bromination
Park, el al., 2 used bromine with silver oxide in trifluoro- 0f amides and imides by acetyl hypobromite possibly
acetic acid for perfluoroamides,_ while Neale, et al.,3 occurs through a six-membered cyclic intermediate 
used ¿-butyl hypobromite for sterically hindered amides (or transition state). 
such as N-i-butylpentanoamide. Also, Waugh and 
Waugh4 patented a procedure to N-brominate amides
which used bromine with sodium bromate in aqueous I ¡|
sulfuric acid.

We have discovered a new reaction in which acetyl /
hypobromite in carbon tetrachloride solution N-mono- o- ,, , T , . . .  . . ,  . . . , .,.
brominates not only imides but also unsubstituted Since the N-brommation of amides and imides with
amides, sterically hindered N-i-butylamides, perfluoro- af tyl hyPobromite +y orke+d / °  w e l1  N-iodmation
amides, and N-alkylsulfonamides in excellent yields. °/ ^ccimmide was attempted using acetyl hypoiodite.
In similar fashion unsubstituted amides and sulfon- A  Stabl,e Sol;dl0n ° f ^ t y l  hypoiodite could not be
amides undergo N,N-dibromination in excellent yield pref ared S,° ihe acetyl. h7 POiodite was prepared in an
upon treatment with acetyl hypobromite. Numerous aCet°,ne f 1̂ 101? containlnf  succinimide which was to
N,N-dibromosulfonamides' have been previously pre- be,lodinat,ed- A  mixture of succmimide, silver acetate,
pared; however, to our knowledge N,N-dibromoamides lodme, and acetone was stirred at 0 for 30 mm giving,
have not yet been isolated. Examples of the N-mono- after filtratl0n Z  the, Solvent’ 2 l ° do:
bromination and N,N-dibromination reaction are given “ d e i n  94% yield (active iodine was 98% of

theory). N-Iodmation of amides and imides with
(1) (a) F . L en ge ld  and  J. S tie g litz , J. Amer. Chem. Soc., 15, 215 (1893). a c e f \  1 h y p o i o d i t e  w i l l  b e  t h e  t o p i c  o f  a  f u t u r e  p a p e r .

(b) F . D .  C h a tta w a y , ibid., 87, 145 (1905). (c) T .  S e liw an ow , Ber., 26,
423 (1893); Z . F o ld i,  ibid., 63, 2257 (1930). (d ) H .  B l i tz  a n d  K .  S lo tta ,
J. Pmkt. Chem., 1 1 3 , 233 (1926). E x p e r im e n t a l  S e c t io n

(2) J . D .  P a rk , H . J. G e rjo v ic h , W . R . L ye a n , a n d  J . R . La ch e r, J. Amer.
Chem. Soc. T4, 2189 (1952). Melting points were taken on a Mel-Temp apparatus and

(3) R . S. N eale, N . L .  M a rc u s , a n d  R . G . Schepers, ibid., 88, 3051 (1966). were uncorrected. The carbon tetrachloride was distilled over
(4) T .  D .  W a u g h  a n d  R . c. W a u g h , u. S. P a te n t 2,971,960 (F eb  1961). calcium chloride. Bromine analyses were done by dissolving
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T a b le  I
Active

b ro m in e , — --------------------------- -------- M p ,  ° C --------------------------------------- -
Y ie ld ,  %  %  o f th e o ry  O bsd (cru d e ) L i t .

N-Bromo derivative of
succinimide 98 95 168-169 dec 178 dec“
phthalimide 99 95 201-203 dec 206-207 dec5 6
N-methyl-4-nitrobenzamide 99 99 113-115 dec
N-<-butyl-4-nitrobenzamide 99 97 131-134 dec

99 95 229-231 dec 192-202“
trifluoroacetamide 85 99 52-54 dec 62"*
benzamide 98 94 126-128 dec 129-131dec“
N-methyl-4-toluenesulfonamide 101 98 106-107 dec 113 dec“

N,N-Dibromo derivative of
4-nitrobenzamide 99 100 138-139 dec
4-toluenesulfonamide 101 99 95-97 dec 104“

o Reference la. 6 Reference 4. c Reference b. d Reference 2.

the active-bromine compound in acetone, adding an equal volume A nal. Calcd for C8H 7N203B r: B r, 30.84. Found: Br,
of a 50 :5 0  mixture of acetic acid and water plus an excess of 30.53.
potassium iodide and titrating for the released iodine with N-Iodosuccinimide.— A mixture of succinimide (0.166 g, 1.67
standard thiosulfate solution. mmol), silver acetate (0.646 g, 3.87 mmol), and 10 ml of acetone

Acetyl Hypobromite.5— A mixture of silver acetate (5.6 g, was placed in a 50-ml round-bottom flask covered with aluminum
9.033 mol) and 150 ml of carbon tetrachloride was placed in a foil. The flask was cooled in an ice bath and a solution of iodine
500-ml round-bottom flask covered with aluminum foil. To (0.468 g, 1.84 mmol) in 15 ml of acetone was dropped in over a
the stirred mixture a carbon tetrachloride solution of bromine 5-min period. Stirring was continued for an additional 10
(2.15 M ,  0.032 mol) was added dropwise over a period of 10 min min. The mixture was filtered; the acetone solution was
as the reaction temperature was maintained at —10 ±  5 ° . evaporated leaving 0.353 g (94%  yield, active iodine was 96%  of
The mixture was stirred for an additional 10 min and then filtered. theory) of material, mp 191-193° dec (lit.7 mp 201° dec).
The carbon tetrachloride solution was diluted to 200 ml (0.136 . . , . , T
M ,  0.027 mol). All other acetyl hypobromite solutions were R egistry  No.' A cetyl hypobrom ite, 4254--.W-2; N - 
prepared in a similar manner. Solutions of acetyl hypobromite brom o-N -i-butyl-4-nitrobenzam ide, 2447 2 -0 9 -1 ; N ,N -
were stable up to four weeks when stored in the dark at —10 dibrom o-4-nitrobenzam ide, 2 4 4 7 2 -1 0 -4 ; N -brom o-N -
to - 1 5 °  temps. Solutions that were exposed to ordinary light m ethyl-4-nitrobenzam ide, 24472-11-5 .
at room temperature showed no activity after 8 h r. No problems
were observed owing to rapid decomposition of the acetyl hypo- Acknow ledgm ent.— T h e authors acknowledge the
br*ini,te ' , T i. . ,  A • , „ . tat , support of the N ational Science Fou ndation  throughN-Bromo-N-i-butyl-4-nitrobenzamide,—A mixture of N-i- uu , t D  , ,  ,,
butyl-4-mriobeiw.armde (0 .A 9  g, 0.5300 mmol) and 3  ml of G ra n t N o . G Y -3 7 7 9  an d  th e  su p p o rt of B e re a  C ollege.
acetyl hypobromite solution (0.108 M ,  0.8061 mmol) in carbon ^  c . D je ra ss i a n d  C . T .  L e n k , ibid., 75 , 3494 (1952).
tetrachloride was stirred at ambient temperature for 15 mm m a
25-ml round-bottom flask. The flask was covered with alumi- __________________
num foil to protect the product from light. The solution was

? ™ n i ; redmed ? reT 6 S-ivlng ° o ^ 6 ? ♦ ?  1)r0dU<:t’ mp A  C o n v e n ie n t  P r o c e d u r e  f o r  t h e  M e t h y l e n a t i o n  136-137° (99%  yield, active bromine was 97%  of theory). J
The product was recrystallized from an acetone-water mixture, o f  O le fin s  t o  C y c lo p r o p a n e s

giving an analytically pure material, mp 137-138° dec, ir 6.06
*• (Nujol mull) with no NH peak, uv 268 n *  (dioxanefi j .  r AWson> and I an T. Harrison

A n al. Calcd for CnH13N20 3B r: B r, 26.53. Found: B r,
26.34. .

N,N-Dibromo-4-nitrobenzamide.— A mixture of 4-nitrobenz- Institute o f  Organic Chemistry,
amide (0.173 g, 1.038 mmol) and 20 ml of acetyl hypobromite Syntex Research, P alo  Alto,
(0.124 M , 2.48 mmol) in carbon tetrachloride was stirred at C alifornia 9 4SO4

ambient temperatnTe for 75 min in a  50-mi round-bottom flask.
The flask was covered with aluminum foil. The solution was Received Ja n u a ry  15, 1970
evaporated at reduced pressure giving 0.332 g of analytically
pure material, mp 138-139° dec (99%  yield, active bromine * , ___,,  , .
was 99.7%  of theory), ir 5.97 m (Nujol mull) with no NH peak, T h e  m e th y le n a tio n  of olefins b y  th e  m eth o d  of 
uv 291 mM (dioxane). S im m ons a n d  S m ith ,2 u tilizin g m eth ylen e dnodide an d

A nal. Calcd for C7H4N20aBr2: B r, 49.33. Found: Br, z in c-c o p p e r cou ple, p rov id es a  m o st co n v en ien t an d
49.18. m u ch  u sed  e n try  in to  th e  cy clo p ro p a n e  field. H ow -

N-Bromobenzamide.— A mixture of benzamide (0.145 g, . . ,  • mni)ifirafinnK 3.4 th e  evn eri-
1.20 mmol and 10 ml of acetyl hypobromite (0.126 M , 1.26 ev er, m  sp ite  of v a rio u s  m od ification s, tfie e x p e n
mmol) was stirred in the dark in a 25-ml round-bottom flask for m e n tal p ro ced u re  still req u ires  th e  p re p a ra tio n  of ra th e r
60 min at ambient temperatures. The mixture was evaporated irrep rod u cib le  z in c-co p p e r re a g e n ts .
at reduced pressure leaving 0.235 g of product, mp 126 128° w e fincj th a t a  sep arate  p reparation  of the zin c-

d6C ( U 6hemP ) 129_131° d6C) (98%  yidd’ aCtiVe br° mine WaS C° P p e r C0Uple iS n 0 t  re<?u ire d i a  m ix tu re  0 f. 2inC dllSt
C//° TS-Btomo-N-metkyl-4 -tiitrobetizatuide — The N-methyl-4- and a cuprous halide is even m ore effective. This

nitrobenzamide was N-brominated in manner previously de- modification reduces the experim ental difficulties to
scribed in the N-i-butylamide. The N-bromo product was the level of those encountered in an ordinary G rignard
recrystallized from an acetone-water mixture, giving analytically reaction
pure material, mp 114^115° dec, ir 6.05 y (Nujol mull) with no
NH peak, UV 268 m/x (dioxane). (1) S y n te x  P o s td o c to ra l Research F e llo w , 1968-1969.
_______________ (2) (a) H . E .  S im m o n s and  R . D .  S m ith , J. Amer. Chem. Soc., 80, 5323

(5) H .  H a u b e n s to ck  a n d  C . V a n d e rW e rt, J. Org. Chem., 29, 2993 (1964). ^  81 ’ 4f 5® (19®9 )-
(6) C R  H a u se r a n d  W . B . R e n fre w , J r .,  J. Amer. Chem. Soc., 89, 121 (3) E .  L e G o fi,  J. Org. Chem., 29, 2048 U 9 6 4 ).

(1937) a n a  vv. o .  (4) R  g  g h a n k  a nd  H  Schechte r, ibid., 24, 1825 (1959).
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The experimental procedure is illustrated by the 0
methylenation of cyclohexene. A  mixture of zinc I +  . "  6 -CH;C"’)-
dust (17.0 g, 0.26 mol) and cuprous chloride (2.58 g, ®__ ¡1
0.26 mol) in 40 ml of ether was stirred and heated to 1

reflux in a nitrogen atmosphere for 30 min. Cyclo- 9 9 (1)
hexene (10.1 ml, 0.1 mol) was then added, followed by
methylene diiodide (10.5 ml, 0.13 mol) and the mixture -̂0N „
was maintained at reflux for 24 hr. A  92% yield (gas _ _  2 e _ _  2 e
chromatography) of bicyclo[4,l,0]heptane was ob- 2 3
tained. The following olefins were also methylenated:
cyclooctene (94%), cyclododecene (79%), and styrene O O
(69%). The cuprous halide could be replaced by Jl . O o v .  /
copper powder, although yields were slightly lower ° \ / \  , / c=*° II (  ll T o J ~
(87% from cyclohexene). In an alternative procedure \ / \ s ' \/\/  *" __  ^
the reagent was preformed from the cuprous chloride, f  /  5
zinc dust, and methylene diiodide and refluxed for a 6 4
further 30 min before addition of the olefin.

Tetramethyleycloprcpanone (7) reacts with chloral to 
Registry No.— Zinc, 7440-66-6; cuprous chloride, form adduct 8 as the only product (eq 3).

7758-89-6.

C ycload ditio n  R eactions o f  C yclopropanones1 \/^ \/’ "** CCI3CHO ^ ^ ^ 0 ^  ^

N. J . T urbo,2 S. S. E delson,3 and R . B . Gagosian4  ̂ CCI3
8

Department o f  Chemistry, Columbia University,
New York, New York 10027 These adducts were characterized unambiguously on

the basis of spectral data (see Experimental Section). 
Received October 22 ,1 9 6 9  Their spectral characteristics correlate very well with

previously reported adducts.8
Cyclopropanones have been shown to undergo 2 +  The results reported here, when combined with prev-

2 —*• 4, 3 +  2 — 5, and 3 +  4 —►  7 cycloaddition reac- ious work on the cycloaddition of cyclopropanones,9-14
tions.6 14 In addition, similar 3 +  4 -> 7 adducts have clearly demonstrate the generality and synthetic value
been reported in several studies of supposed Favorskii of these reactions.
intermediates.16-17 We wish to report several new
examples of these cycloadducts. . .

2,2-Dimet,hylcyclopropanone (1) reacts with 2- xpenment ection
carbomethoxyfuran to form adducts 2 and 3 in the l-Carbomethoxy-2,2-dimethyl-8-oxabicyclo[3.2.1]oct-6-en-3-
ratio of ca. 7.5:1 in greater than 70% yield (eq 1). one (2) and l-Carbomethoxy-4,4-dimethyl-8-oxabicyclo[3.2.1]- 
p ,3 -T ri™ eth y lcjc1„prop,„r  (4) resets with fu r »
to iorm adduct 5 m  over 9 0 %  yield and w ith  dimethyl- panone (13.3 mmol), and the mixture was left a t room tempera-
ketene to form adduct 6 as the only product (eq 2 ) . ture for Several days. Removal of the solvent on a “ Roto-Vap”

followed by preparative vpe (6 ft X  Vs in., 20%  SE-30, Chromo-
(1) (a) C yc lopropanon es. XVIII. P a p e r X vil: s. S. E d e lson  a nd  sorb P, 200 ml of He/min, 198°) resulted in the isolation of a mix-

N . J. T u r ro ,  J. Amer. Chem. Soc., 92 , 2770 (1970). (b) T h e  a u th o rs  w ish  ture of 2 and 3 .  Adduct 2 was the major isomer by « 7 . 5  to 1 .
to  th a n k  th e  U. S. A ir  F orce  O ffice  of S c ie n tif ic  Research fo r  th e ir  generous Attempts to separate the two isomers by vpc (696, CarbowaX,
s u p p o rt  o f th is  w o rk  (G ra n ts  AFOSR-66-iOoo a nd  AFOSR-68-I381). diisodecyl phthalate) or by tic f silica, or alumina) were unsuc-

m  f; ° mlhpe ^w °h“ ^  cessful. Adduct 2 had the following nmr spectrum (CCfi-
(2) A lf re d  P . S lo an  F e llo w , 1966—1970. s i  tV7  fa q T2r \  1 1*7 / o t t \  o c a  / a t> a  tt t -t>-r
(3) N a t io n a l Science F o u n d a tio n  T ra in e e , 1965-1966; N a tio n a l Science ^ M S /  *  1 '¥ [  H  j ’  1 '  !-7  3  ,2; “ °  2  H * / ; 4h

F o u n d a tio n  P re d o c to ra l F e llo w , 1966-1969. Hz> Avab =  P9 '4 Hz> low "e 111 half sP4lt further J  =  5 Hz, high
(4) N a tio n a l Science F o u n d a tio n  T ra in e e , 1967-1968; F e rg u so n  T e a c h in g  field half split further J  =  1.5 Hz), 3.77 (s, 3 H ), 4 .99 (d of t, 1

F e llo w , 1968-1969. H, J  = 5 and 1.5 Hz), 6.32 (AB, 2 H, J ab =  6 Hz, Aj/Ab =  5.9
(5) R . C . C ookson, M .  J. N y e , a nd  G . Su bra hm a nyans, Proc. Chem. Soc. H z, high field half split further J  =  1.5 Hz). Adduct 3 had the

Lo n d o n , 144 (1964). following nmr spectrum (CC h-TM S): 5 0.94 (s, 3 H ), 1.28
(6) H . G . R ic h e y , J . M .  R ic h e y , a n d  D . C . C la g e tt, J. A m er. Chem. Soc., (s, 3 H), 2.60 (AB, 2 H, Jab = 16.5 Hz, Akab =  22.7 Hz), 3 .77

86f73)8<N w Tt tt mm a j p  ,  ,  , . . . .  Q1J (s> 3 H ), 4.48 (d, 1 H, J  =  1.5 Hz), 6 .32. (The olefinic and
( 1965) ' . . .  a on , an  . . eerm a ers, f t . ,  , methoxyl protons of 3 could not be distinguished from those of

(8) See N, J . T u rro , S. S. E d e lson , J . R. Williams, T . R . D a r lin g ,  a n d  w. 2 ■) In a previous small-scale reaction, the yield of adducts had
B. H a m m o n d , ibid., 91,2283 (1969), a n d  references th e re in . ' been  greater than 70%  (nmr). Mass spectra of 2 and 3 (75 e v ):

(9) N . J . T u r ro ,  Accounts Chem. Res., 2, 25 (1969). m /e  (rel intensity) 210 (M +, 46), 178 (73), 153 (10), 150 (6), 140
(10) w. B . H a m m o n d  a n d  N .  J . T u r ro ,  J. Amer. Chem. Soc., 88, 2880 (100), 134 (9), 125 (41). 109 (59), 108 (64), 95 (21), 81 (75), 79

(10), 70 (72), 69 (12), 53 (27), 44 (341, 43 (25), 42 (28), 41 (31),
(11) N . J. T u r ro  a n d  W . B. H a m m o n d , Tetrahedron, 6017 (1968). 40 (37 ) 39 (20)

S i T  '  R' W" Iiam9’ ^  ^  aiCyCl? 0C^ - en' 3-0n-  (5) - A  di-
(13) N . J. T u r ro  a n d  J . R . W illia m s , Tetrahedron Lett., 321 (1969). lute (2 -3 % ) CH.C1,.solution of 448 (15 ml) was mixed With 5 ml of
(14) N . J. T u r ro  a nd  S. S. E d e lson, / .  Amer. Chem. Soc., 90, 4499 (1968). punhed furan (~ 6 9  mmol). After 1 hr a t room temperature,
(15) a . W. Fort, ibid., 8 4 ,4979 (1962). evaporation of the solvent followed by preparative vpc (6 ft. X
(16) R. C . C o okson  a nd  M .  J. N ye , Proc. Chem. Soc., 129 (1963). Vs in., 22%  Carbowax 20M, ChromOSOrb P , 200°, 120 CC of
(17) R . c. C ookson, M . J . N y e , and  G . S u b ra h m a n y a m , J. Chem. Soc., He/m in) led to the isolation of adduct 5 which was identified by

C, 473 (1967). the following spectral properties: ir 1715 ( C = 0 ) ,  1380
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and 1360 cm -1 (¡7m -dimethyl), 725 cm -1 ( > C = C < ) ;  nmr (CC1«~ d istilla tion  residue b y  tre a tin g  ep ich loroh yd rin  w ith

™ 2?8i% 3o f3i 1 H , /  = }7,45 H z t 0.89*(1 3 Sfoiks'(d , 3 H, Jrirnethykmine in aqueous solution at 25». We have 
J  =  7 Hz), 1.26 (s, 3 H ); mass spectrum (75 eV) m /e  (rel in- ound that the syrup obtained by Paschall s procedure 
tensity) 166 (M+, 37), 151 (15), 123 (6), 110 (12), 96 (81), 95 has only 40-60% of the theoretical epoxy oxygen value.
(67), 81 (100), 70 (31), 68 (13), 67 (22), 55 (23), 53 (17), 42 (28), On standing for 24 hr at 25°, the epoxide content de-
41 (65), 39 (64). ^  d in e d  to  a b o u t h alf of its  origin al v a lu e  an d , a f te r  1

A n al. Calcd for C10H14O2* O, 72.29i H, 8 .43 . Foundi C, i > p ro  * *r* ± /  -*> tzo? \ ± r •-1
72 10* H 8 67 w eek a t  25  , no sign ifican t ( < 5 % )  a m o u n t of epoxide

From nmr, 5 appears to be a single isomer; however, of the remained. In a recent publication,4 Burness has ob-
four possible isomers, we do not know which isomer we have served that reaction of epichlorohydrin with trimethyl-
isolated. _ amine in acetonitrile at 25° affords N-(3-hydroxy-l-

hor2,6]6 ?'enta®ethyl-S-oxo-4-oxaspiro[2.3]hexane (i5).—’To propenyl)trimethylammonium chloride (II, 87% yield)
a 10% solution of dimethylketene (ca. 30 mmol) m CH2CI2 was ,, , ,  T „ T . ... v ,v.~  i
added a CH2CI2 solution of 4 18 (ca. 20 mmol). The solution was ra th e r  th a n  I . W e  now  re p o rt  th e  p re p a ra tio n  of 
allowed to stand for 6 days at —78°. The resulting solution was
concentrated and analyzed by vpc (6 ft X  ’/< in., 22%  Carbowax q j-
20M , Chromosorb P , 200°, 120 cc of H e/m in). The major (CH3)3N C H = C H C H 2OH
product was collected and identified as adduct 6 by the following n
spectral properties: ir iw * 1830 ( C = 0 ) ,  1385 and 1365 cm -1 
(3em-dimethyl); nmr (CCfi-TM S) S 1.39 (s, 3 H ), 1.29 (s, 3 H),
1.13 (s, 3 H), 1.09 (s, 3 H ), 1.06 (d, 3 H, /  =  7 Hz), 0.82 (q, l  pure, crystalline, stable glycidyltrimethylammonium
H, /  =  7 H z); mass spectrum (75 eV) m /e  (relative intensity) chloride ( I )  for the first time.
168 (3, M+), 153 (2), 124 (1) 123 (2), 108 (7), 70 (100), 55 (25),
42 (41). p  .

5,5-Dimethyl-4-isopropylidene-2-trichloromethyl-l,3-dioxo- -Kesuits

,  Ulycidyltnmefchykmmonmm C h lo n d e.-T h e  reac-
mmol) and left a t room temperature overnight. Removal of the tion of epichlorohydrin and trimethylamme to form I is 
solvent on a “ Roto-Vap” followed by preparative vpc (6 ft X  best carried out in an aprotic solvent in which I is
V s  in-, 20%  SE-30, Chromosorb P , 200 ml of He/min, 210 and essentially insoluble. With excess epichlorohydrin as

\n t ^ y 17^ 1?1 s 'q o T  solvent (4.5:1 mole ratio), the reaction takes place (CCh-TM S) 5 1.46 (s, 3 H ), 1.63 (s, 6 H ), 1.67 (s, 3 H ), 5.39 (s, V, 0 , T ■/’ ,  , . ,
1 H); mass spectrum (75 eV) m /e  (rel intensity) 258 (M+, 8), very read at 25 and 1 fO™ed in nearly quantlta-
153 (2), 141 (33), 131 (5), 112 (7), 97 (10), 95 (100), 84 (51), 69 tive yield and conversion. The product, a hygro-
(50), 67 (16), 55 (15), 44 (39), 43 (34), 41 (32), 40 (31), 39 (12). scopic sharp-melting white crystalline material, is of 

„  . „  „ , ,  * - 98% or better purity on the basis of epoxide content.
Registry No.— 2, 24165- 5-9, j*’ di)" " ’ ’ When the reaction is conducted in other dry aprotic

24165-12-6, 6 ,2  165-13-7, 8 ,2  5- - . oxygenated solvents such as ethers, ketones, and esters,
(is) n. j. Turro and r . b . Gagosian, j. Amer. chem. Soc., in press. product of 95—97% epoxide content is isolated in nearly

quantitative yield but only 50-75% conversion. The
---------------------  results of several experiments in which 0.25 mol of each

reactant was stirred at 25-30° in 100-125 ml of the 
G ly cid y ltrim eth y lam m o n iu m  C hloride and stipulated solvent for the specified period of time are

R elated  C om pounds summarized in Table I. The rate of the reaction is

J ames D. M cClure T able I

R eaction of E pichlorohydrin with T rimethylamine
Shell Development Company, Emeryville Research Center,

Emeryville, C alifornia 9 /608  (0.25 mol of each reactant in 100-125 ml of solvent at 25-30°)
%  con-

Received Jan u ary  26, 1970 R e a c tio n  'e p ic h L °  % y ie ld  % p u r i t y

S o lv e n t t im e ,  h r  roh .yd .rin  o f I  (epoxide)

In 1904, Schmidt and Hartmann reported1 obtaining Acetone 35 74 97 96
glycidyltrimethylammonium chloride (I) as a non- Tetrahydrofuran 60 60 95 96
crystallizable syrup of unspecified epoxide content b y  Dimethoxyethane 60 56 97 97
reacting epichlorohydrin with excess trimethylamine Ether 60 40 97 97
in ethanolic solution. The yield was low and the main Ethyl Aoetate 35 40 95
product was the bis salt, 2-hydroxypropane-l,3-bis- Ethanol 16 95 20
(trimethylammonium chloride). Two decades earlier,
Reboul had claimed2 3 that the viscous syrup which was
isolated when equal volumes of epichlorohydrin and considerably greater in acetone (t 21) than in other
triethylamine were heated to 100° was the homologous oxygenated aprotic solvents of lower dielectric con-
glycidyltriethylammonium chloride. stant (t 4-7). In hexane (e 1.9) the reaction proceeds

More recently a patent has issued to Paschall of at such a slow rate as to be impractical although product
the Corn Products Co. which claims the use of the °7 good quahty is obtained. In contrast, when the
product3 from the interaction of epichlorohydrin with
trimethylamine for the etherification of starch. Ac- (CH3)3N + CH2— CHCH2CI — > (CH3)3NCH2CH— CH2
cording to Paschall, I was obtained3 as a viscous syrupy \  /  \ ^ /

(1) E .  A . S c h m id t a n d  H .  H a rtm a n n , Ann., 337, 116 (1904). 1
(2) E . R e b o u l, Compt. Rend., 93, 423 (1881).
(3) E .  F . P a sch a ll, U .  S. P a te n t 2,878,217 (1959). (4) D .  M .  Burness, J . Org. Chem., 29, 1862 (1964).
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reaction is carried out in a protic solvent such as ethanol mixture of products is obtained when the reaction is
in which I is soluble, the viscous syrup which is ob- carried out in aqueous solution. The solubility of I
tained has less than 20% of the theoretical epoxide in water is greater than 100 g/100 g of solvent,
content. Reaction in ¿'butyl alcohol solvent at 25° In ¿-butyl alcohol, I is also quite soluble (about 15 
affords4 II (80% yield) rather than I. g/100 g) but in this case the reaction is fairly selective

In aprotic solvents, epoxide of optimum purity (80% yield) to give II  since the alcohol, itself, is rela-
(97-98%) is obtained when the reaction temperature tivelv unreactive. The intermediacy of I in the for-
is maintained below 30°. In dimethoxyethane, the mation of II  has been confirmed by the ease with which
epoxide content falls to 85-90% of theory at 50° and I rearranges to II  in ¿-butyl alcohol solvent at 25° in
to less than 70% at 65°. Small amounts of water in the presence of trimethylamine. Even in the absence
the reaction medium have a deleterious effect upon of added amine, I is converted into II in ¿-butyl alcohol
oxirane ring content of I. Thus, in 99% dimethoxy- at 80°. The presence of small amounts of amine
ethane-1 %  water, product of 78% epoxide content is formed by decomposition of I is detectable after one
obtained, whereas material of 97%  purity is isolated
from the anhydrous medium. ,^TT n „ „  Cl~ (CH,m o n

ttti • i j i • 17• r (CH3)3NCH2CH— CH2 --------- V (CH3)3INGH=GHCfi2UJriWhen isolated m a pure crystalline form, 1 is sur- \  /
prisingly stable under ordinary conditions. After 1 O
week at 25°, the epoxide value remained 97%. Only
after 1 month at 25° did noticeable decomposition hour at 80°. Thus, even trace amounts of the amine
occur with the epoxide content falling to 92%. Epoxide can apparently catalyze the rearrangement of I to
loss is entirely arrested by storage at 0° even after a II  at 80°. Burness has also established4 the inter-
1-year period of time. mediacy of the epoxide in the formation of II in his

Glycidyltriethylarnmoniurn Chloride.—T h e  reaction experiments carried out in acetonitrile solution using
of epichlorohydrin with triethylamine to form gly- a sample of I supplied by us. His results confirm the
cidyltriethylammonium chloride (III) is best carried importance of the solubility factor in product deter-
out using equal weights of the reactants and no solvent mination as the solubility of I in acetonitrile at 25°
at 25°. Using this procedure, crystalline III of 98% is greater than 3 g/100 g of solvent,
purity is obtained in good yield. However, this I t  should be emphasized that the solubility of I in 
sterically hindered amine reacts so slowly that, even the reaction medium is not the only factor which ap-
after 90 hr, the conversion is only 20%. When the pears to be important in the determination of product
reaction is carried out either in excess epichlorohydrin composition. Thus, the yield of I observed in aqueous
or at 50 instead of 25°, material of low (50-70%) solution3 is five times that observed in acetonitrile4
epoxide content is obtained. Indeed, at 80° with equal despite the fact that the solubility of I in water is 30
weights of reactants, the product contains no signifi- times that in the nitrile. Increased basicity of tri
cant epoxide. On this basis, it is believed that the methylamine in acetonitrile over that in water may in
material prepared by Reboul2 was not III but probably crease the rate of the base-catalyzed isomerization of
a crude homolog of II. I to II in nitrile solvent. The water has a “ leveling

Glycidyltrimethylammonium Brom ide— Glycidyltri- effect” on the basic strength of the amine. Solvation
methylammonium bromide is obtained in 92% yield as a 0f I by water may also be important in slowing down
sharp melting crystalline material by reaction of epi- the rate of conversion of I to II in aqueous solution,
bromohydrin with trimethylamine in dimethoxyethane
solvent at 20°. The compound winch has an epoxide Experimental Section
value that is 98% of theory appears to be quite stable
when stored at 0 °  Glycidyltrimethylammonium Chloride.— The reaction vessel

was a 1-1. flask equipped with stirrer, gas addition tube, and a 
condenser cooled to —20°. Trimethylamine (95 g, 1.61 mol) 

Discussion was added slowly over a 1-hr period to 600 g (7 mol) of epi-
. . chlorohydrin maintained at —10 to 0 ° by external cooling.

The most im portant factor m determining the course stirring was continued at 20-25° for 5 hr. The crystals which
of the reaction between epichlorohydrin and trim ethyl- separated were collected by filtration in a drybox and washed
amine is the solubility of the initially formed glycidyl- several times with ether. After drying in rncuo at 35° for 1 hr,
trimethylammonium chloride (I) in the reaction me- the product weighed 239 g (98'%)> melted at 139-141°. The

x . , , i i -  - product had an epoxide value*5 of 0.645 equiv/100 g (98%  of
dium. in  excess epichlorohydrin, the solubility is so theory).
low (0.02 g/100 g) as to preclude further reaction of I A nal. Calcd for CiHuONCl: C, 47 .5 ; H , 9 .2 ; Cl, 23 .4 ; 
with itself, solvent, or amine. The excellent results N ,9 .2 . Found: C , 47 .2 ; H , 9 .4 ; Cl, 23 .6 ; N , 9 ,1- 
observed in other aprotic oxygenated solvents are also Glycidyltriethylammonium Chloride. A mixture of 30 g
attributed to the low solubility of I in these media.6 (0.33 mol) of triethylami™ and 30 g (0.32m ol)of epichlorohydrin 
TT . r . was stirred at 25 for 90 hr. The oil which separated (lower
However, m an ethanolic m ed iu m  the solubility is so layer) was washed three times with ether in a drybox. The
great (40 g/100 g) that I is available for further reac- product which crystallized on cooling, mp 32-35°, weighed 9 g
tion with itself or with solvent or with amine. The (95%  yield based on converted epichlorohydrin) after drying
result is th a t a  complex mixture of products (I, chloro- ,n v° f u0. &\ 35 and had an epoxide value of 0.51 equiv/100 g
, ,  • ,  ,  T a  •£ ,• i j. t t  j  Vi ■ (98%  of theory). Analysis of th e  upper lay er  b y  gas-hqmd
hydrin3 of I, etherification product, II, and other um- chromatography showed that 24 g (20 % conversion) of epichloro-
dentified material) is obtained. A  similarly complex hydrin was recovered.

A nal. Calcd for C7H,60N C1: C, 50 .6 ; H, 9 .9 . Found:
(5 ) T h e  s o lu b il ity  o f I  in  oxyge na te d  o rg a n ic  m e d ia  a p p a re n tly  increases C , 50.4 , H , 9 .8 .

w ith  in c re a s in g  te m p e ra tu re  a n d  th e  presence o f in cre a s in g  a m o u n ts  o f w a te r. ___________
H ence, th e  p o o r p ro d u c t p u r i t y  observed a t  65° o r in  th e  presence o f 1%
w a te r  is  easily  ra tio n a liz e d , (6) O . F . L u b a t t i ,  Ckem.Ind. (L o n d o n ), 51, 1361T (1932).
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Glycidyltrimethylammonium Bromide.— A solution of 15 g bond of th e  n itro n a te  an io n 11 to  g ive V , w hich re -

*° «“  according to oq 4.»
h r. External cooling was necessary to maintain the temperature.
The white crystals were collected by filtration and washed with k3 /*■+ / O  ^
ether in a drybox. After drying in vacuo at 35°, the halide V > £ -------N. ——►
weighed 38 g (92%  yield), melted at 151-153°, and had an aS (T) n\ ® 85
epoxide value of 0.50 equiv/100 g (98%  of theory). \  / ^ J

Mn
Registry No.— I, 3033-77-0; giycidyltriethylam- g f '  Nq

monium chloride, 15876-88-7; glycidyltrimethylam- y j
monium bromide, 13895-77-7. R

1' Y = 0  +  Mn03~ +  N 02~ (4)
----------------------------- R ,^

T h e N ature o f  th e A ctivated  Com plex MnOT +  Mn04~ +  2 OH-  2 Mn042~ +  H20  (5)

in  th e  P erm an gan ate  O xidation o f

P h en ylm eth an en itro n ate  A n io n s1'2 Support for the postulated slow step, which involves
a change in hybridization from sp2 to sp3 at the carbon 

Fillmore Freeman and Ara Y eramyan of the C— N, was obtained from the observation that
II reacted six times as fast as III .115 However, the 

Department o f  Chemistry, C alifornia State College, kinetic data are not inconsistent with the formation
Long Beach, C alifornia 90801 0f y j ( v{a  the typical permanganate cfs-cycloaddition

mechanism, as the rate-determining step (eq 4). In 
Received November S, 1969 the hope that the effect of substituents might reveal

. . something about the nature of the activated complex
The neutral or alkaline permanganate oxidation of in the rate-limiting step of the permanganate oxidation

nitronate anions has been shown to give excellent 0 f j  we investigated the rates of oxidation of several
yields of aldehydes and ketones.3’4 Kinetic studies nitronate aniens derived from the corresponding para-
in our laboratories of phenylmethanenitronate anion substituted phenylnitromethanes.
(I),6 cyclohexanenitronate anion (II), and cyclopen- Phenyl-, p-bromophenyl-, and p-methylphenylnitro- 
3RiR2C=N02K + 2KMn04 + H20 — 3- methane were prepared by treating the respective

3RiR2C=0 + 2Mn02 + 3KN02 + 2KOH (1) benzyl bromides with freshly prepared silver nitrite.16
, ., , /Trr\r. l i , j „  However, the w-methyl derivative appeared to decom-tanenitronate anion (III)6 have shown m strongly alka- , '. ‘ ,

.. • , , “ I ■ , pose during distillation. n-Chlorophenyl-, p-mtro-lme media7 that the reaction is zero order in hydroxide , , , ,,c , ■, , .  c , , phenyl-, and p-methoxyphenvimtromethane were preion, first order in permanganate ion, and hrst order in i , , .■
nitronate anion. The A H * for the oxidation of I is pared by treatmS their respective ^am des with freshly
7.5 keal/mol and A S *  is — 20 eu.6 The entropy of
activation for the oxidation of II and III  are — 20 and .^ \/C H 2CN Na0Et
— 27.8 eu, respectively.6 It  was proposed that the L / J  + CH30 N 0 2 ►
rate-determining step involves an attack of perman- 
ganate at the carbon of the carbon-nitrogen double CN

R1R2CHN02 +  OH- R> ^ C °  +  H20  (2) ^ ^ C = N 0 2Na ^ v ^ C H 2N 02
*-» ^  O- M j  +  C02 (6)

R  o -  X

W  +  M n04-  _ (3)
slow R f  ^  ^ O prepared methyl nitrate.17 An attempt to prepare the

\rQ^u m-chloro derivative by this method was unsuccessful.
J * 1\  The rates were followed spectrophotometrically by

0 0 observing the disappearance of permanganate (522
v  my) in a stopped-flow reactor.6 Table I summarizes

-------------- the rate data.
(1 ) P re v io u s  p a p e r in  series: F . F reem an, J . B . B ra n t ,  N .  B . H e ste r,

A . A . K a m e g o , M .  L .  K a sn e r, T .  G . M c L a u g h lin ,  a nd  E . W . P a u li,  J. Org. (11) S e lf-co n s is te n t m o le cu la r o r b ita l c a lc u la tio n s 12’ 13 a n d  sp e ctro sco p ic
Chem., in  press. s tu d ie s 14 h a ve  suggested th a t  n it ro n a te  an io n s  h a ve  e s s e n tia lly  a c a rb o n -

(2) A b s tra c te d  in  p a r t  f ro m  th e  M .S . thes is  o f A . Y e ra m y a n , C a lifo rn ia  n itro g e n  d o u b le  b on d  a nd  tw o  e q u iv a le n t n itro g e n -o x y g e n  b on ds w ith  lo w
S ta te  C o llege, L o n g  B each, C a lif . ,  1969. d o u b le -b o n d  ch a ra c te r.

(3 ) H .  S h e c te r a nd  F . T .  W illia m s , J r .,  J. Org. Chem., 27, 3699 (19 6 2 ). (12) N. Jonathan, J. Mol. Spectrosc., 7 , 105 (1961).
(4) S, S. N a m e tk in  a n d  O. M a d a e ff-ss itse h e ff, Chem. Ber., 59, 370 (1926). (13) F . T .  W illia m s , J r .,  P . W . K .  F la n a g a n , W . J . T a y lo r ,  a n d  H .  S h ech-
(5) F . F re e m a n  a nd  A . Y e ra m y a n , Tetrahedron Lett., 4783 (1968). te r, J. Org. Chem., 30, 2674 (1965).
(6) F .  F re e m a n , A . Y e ra m y a n , and  F .  Y o u n g , J .  Org. Chem., 34 , 2438 (14) M .  J . B rooke s  a n d  N .  J o n a th a n , Spectrochim. Acta, 25A , 187 (19 6 9 ).

(1969). (15) I I I  p re s u m a b ly  reacts  a t  a s low er ra te  as a re s u lt o f th e  increase  o f
(7) K in e t ic  s tu d ie s  were p e rfo rm e d  b e tw e e n  p H  12.5 a nd  13.6 . A t  th e  I  s tra in  (b o n d  o p p o s itio n  forces, com pression  of v a n  de r W a a ls  ra d ii,  a n d

h ig h e r p H  va lue s, p h e n y ln itro m e th a n e 8»9 a n d  th e  n itro c y c lo a lk a n e s 9’ 10 d is to r t io n  o f bond angles) in  g o in g  fro m  I V  to  V :  H . C . B ro w n  a n d  M .
a re  e s s e n tia lly  c o m p le te ly  c o n ve rte d  in to  th e  n itro n a te  an ions. B o rd o w s k i, J. Amer. Chem. Soc., 74, 1894 (1952).

(8) W . K e m u la  and  W . T u rn o w ska -R u b a sze w ska , Rocz. Chem., 37, 1597 (16) N . K o rn b lu m , R . A . S m ile y , R . K .  B la c k w o o d , and  D . C . I f f la n d ,
(1963). ibid., 77, 6269 (1955).

(9) F .  F re e m a n  and  A .  Y e ra m y a n , u n p u b lis h e d  d a ta , 1969. (17) A . P . B la c k  a nd  F . H .  B a bers in  “ O rg a n ic  S yn these s,”  C o ll.  V o l.  I I ,
(10) P . W . K .  F lan agan , H .  W . A m b u rn , H .  W . S tone , J . G . T ra y h a m , A . H . B la t t ,  E d ., J o h n  W ile y  &  Sons, In c .,  N e w  Y o rk ,  N .  Y . ,  1943, p p  412 ,

a n d  H .  S b eehter, J .  Amer. Chem. Soc., 91, 2797 (1969). 512.
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T a b l e  I consistent with the formulation of V II as the activated
E f f e c t  o f  S u b s t i t u e n t s  o n  t h e  R a t e  o f  O x i d a t i o n  a t  1° complex. The entropy of activation for cfs-l,3-dipolar

([M n O rl =  4.0 X  10_4Af, pH =  13.6, n =  0.5, X =  522 mju) cycloadditions are also generally large and negative
[RiR2C=no!-] kp,a k2,b ( — 27 t o —49 eu).19

S u b s titu e n t X  103 M  see-1 M~* s e e "1

p-OCH3 5.01  2 .0 4  405 .6
P-CU, 5 .0 3  1 .16  230 .6  Experimental Section

H 5-00  0 .6 5  130 .0  All melting points are uncorrected and were determined on a
P-Cl 5 .0 0  0 .6 0  120 .0  Thomas-Hoover apparatus. Ultraviolet spectra were taken in a
p-B r 5 .01  0 .4 4  8 7 .8  Beckman DK-2A spectrophotometer, and the kinetics were per-

“Pseudo-first-order rate constant. 6 Second-order rate constant formed with a Beckman DU spectrophotometer and a Bristol 
=  k+/ [ R i R 2C = N Oa - ] ,  strip-chart recorder.

T a b l e  I I

P r e p a r a t i o n  a n d  P h y s i c a l  P r o p e r t ie s  o f  P h e n y l n i t r o m e t h a n e  D e r i v a t i v e s  

P h e n y ln itro m e th a n e  M e th o d  o f
d e r iv a t iv e  p re p a ra t io n  M p  o r b p  (m m ), °C  L i t .  m p  o r b p  (m m ), °C  n™D L i t .  n 2°D

p -R  A“’6 68-71 (0 .5 )  77-79 (1)« 1.5322 1.5315«
p-Br A“ 5 1 .0 -5 1 .5  50J
p-CH3 A« 99-102 (3) 99 (3)« 1.5281 1.5278«
m-CHV A“
p-Cl B e *  2 9 .5 -3 0 .0  33*
m-01* B»
p-OCHs B» 135-138 (2) 106-108 (6)“.** 1.5460 1 .5400“
p -N 02‘ Bn 8 8 .5 -8 9 .0  91-92«

“ Reference 16. 6 Corresponding benzyl bromide and silver nitrite. « Reference 21. d Reference 22. «Reference 23. Product
decomposed during distillation. » Reference 17. h Corresponding benzyl cyanide and methyl nitrate. ' Reference 24. ’ No product
was obtained in one experiment.9 * Reference 25. 1 Basic solution gave an orange color.

Correlation of ¡1+ substituent and rate constants Phenylnitromethane Derivatives.— The phenylnitromethanes 
(log h )  gives a P+ of -0 .6 7  with a correlation coeffi- “sed inTTthis , ^ k were prepared by the methods indicated in

cient (r) of 0 .984 and a standard deviation (s ) oi values21~2S
0.0546. The m ag n itu d e of th e  re a c tio n  co n sta n t, Reagents.— Distilled water was purified by passing through 
alth o u g h  sm all, is co n sisten t w ith  th e  fo rm a tio n  of a  two type R-2 ion-exchange columns.26 Standard volumetric
sm all or negligible p ositiv e  ch a rg e  a t  th e  b en zylic c a r -  (Acculute) potassium hydroxide (C 0 2 free) concentrate was di-
bon of I. Similar small p values have been obtained luted to thet sP?cf d ,vfdume for tke desired ^. . . permanganate stock solutions were also prepared from standard
fo r th e  p e rm a n g a n a te  o xid atio n  of alk en yl an ion s (p volumetric solutions (Acculute). The stock solution was stored
= :  0)18 and for cfs-l,3-dipolar cycloaddition reactions under nitrogen and the absorbancy index was checked before each
(p =  +0.8).19 Consequently, the rate data are con- set of kinetic runs. Reagent grade sodium chloride (Mallinck-
sistent with an activated complex which involves rodt) ^as ,u,s,ect ,wl.thout furtker purification to adjust ionic
p a rtia l  bon din g of p e rm a n g a n a te  w ith  one o r b o th  te r -  and pH wag meMured potentiometrically.
m ini of th e  ca rb o n -n itro g e n  double b o n d 11 w ith  little  Kinetic Method.— Because of the rapid rate of oxidation, the
or no development of positive charge at the benzylic kinetics were determined by observing the disappearance of
carbon. The partlv bridged resonance-stabilized acti- permanganate at 522 mp, in a stopped-flow reactor.1’6 All
v a te d  com p lex (V II )  o r th e  cy c lic  m an gan ese  (V ) e s te r  s tu d i ,e s  " erf  P e r m e d  under pseudo-first-order conditions. The

\ 7ttTtt\ • , . '  . . .  pseudo-first-order rate constants («^) were obtained from the
a c tiv a te d  com p lex (V II I )  is e n tire ly  co n sis te n t w ith  slopes of plots of — ln[log ( 7 + /2 1)] i>s. time and were calculated

on an IBM  360 computer.27-28 T „ is the per cent transmission, 
„  - i t  F h  ~| * after at *east tkree half-lives, at a point just before colloidal
| | Q- manganese dioxide begins to form. The rate constants are the

£  q average of two or more determinations.

6 5 O " 0
Mn Mn Registry No.— IV  (B* = C N ; R 2 = p-OCH3C 6H6),

</ V  </ V  12413-22-8; IV  (R, = C N ; R 2 = p-ClC6H6), 12413-
L VU vm  20-6; IV  (Rx = H; R 2 = p-CH3C 6H6), 12413-21-7; IV

(Ri = H; R 2 = C 6H6), 12413-18-2; IV  (Rt = H;

the kinetic data.20 This also implies that the rate- R-2 — p B rC 6H5), 12413 17 1. 
determining step could be eq 3 or 4.20 However, the
entropy of activation ( -2 0  eu), which is smaller than <*> (ioos).
those observed for the permanganate oxidation of (23) J . s .  f . P o d e a n d w .  a . W a te rs , J.C hem .Soc.,in  (1 9 5 0 ) .  

alkenyl anions (  —  27 to — 3 6  eu),18 is similar to the J .v o n R a a lte ,  Rec. Trav. Chim. Pays-Bas, 18, 392 (1899).

values for the oxidation of other anions,'.' and is more „ «  £ S £
and  becomes y e llo w  d u r in g  d is t i l la t io n  a nd  d u r in g  s tora ge a t  — 60 to  — 7 0 °.

(18) K .  B . W ib e rg  a n d  R . D .  G eer, J. Amer. Chem. Soc., 88, 5827 (1966). (26) I l l in o is  W a te r  T re a tm e n t C o ., R o c k fo rd , 111.
(19) R . H u isgen , R .  G rash ey, a n d  J . Sauer in  “ T h e  C h e m is try  o f A lke n e s ,”  (27) K .  B . W ib e rg , “ C o m p u te r  P ro g ra m m in g  fo r  C h e m is ts ,”  W . A .

S. P a ta i,  E d ., In te rsc ie n ce  P u b lish e rs , L o n d o n , 1964, p  844. B e n ja m in , In c .,  N e w  Y o rk ,  N .  Y . ,  1965, p  168 f f .
(20) A lth o u g h  s tru c tu re s  V I I  a n d  V I I I  a re  tw o  a c t iv a te d  com plexes w h ic h  (28) W e  w ish  to  th a n k  th e  W e s te rn  D a ta  C o m p u tin g  C e n te r, U n iv e r s ity

f i t  th e  resu lts , o th e r  possib le  a c t iv a te d  com plexes can a lso be  d ra w n . o f C a lifo rn ia , Los Angeles, C a lif . ,  fo r  m a k in g  co m p u te r t im e  a v a ila b le  to  us.
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Novel R e a ctio n s  o f  K eto xim es -with Acetylcycloalkenes were synthesized by a Friedel-
N itro sy l C h lo rid e1 Crafts reaction10'11 and converted into unsaturated

ketoximes by a standard method. Bromine addition to
Chyng-yann Shite, Kyong Pae Park, oxime gave compounds lb , d, f, and g. The stereo-

and Leallyn B. Clapp chemistry of the oximes is unspecified in compounds I.
Reaction of the dibromo compound with methanol 

M etcalf Chemical Laboratories, easily replaced the tertiary bromine12 to give la , c, and
Brown University, Providence, Rhode Islan d  02912 e. All of the compounds I then gave compounds II

with nitrosyl chloride.
Received February 2 ,1 9 6 9  The sharp OH absorption at 3600 cm -1 characteristic

of oximes13 in dilute carbon tetrachloride solution 
Rheinboldt2 discovered that nitrosyl chloride3 would disappears as the reaction occurs. Each  of the com-

react with aldoximes to give chloronitroso compounds, pounds I I  show strong bands at 1580 and 1320 c m "1
RCHC1NO, or hydroxamic chlorides, A rC C l=N O H , or (N 0 2) and medium bands a t 1640 cm “ 1 (C = N ),
with ketoximes to give f/m-chloronitroso compounds. characteristic of nitrimines.6'14 The ultraviolet spec-
Nitrosyl chloride has been used much more extensively trum of each compound gave a low intensity absorption
to add to olefins to give /3-chloronitroso compounds3 (emax ~ 6 0 0 )  at 263-270  m/i5 in 95%  ethanol. The
(normal addition) or in some cases dichloro, chloro- methyl protons in H a, c, and e gave a chemical shift of
nitro, or dichloronitroso (anomalous) products.3a'4 If 5 ~ 2 .0 3  and those in lib , d, f, and g gave a shift of 5
the /3-chloronitroso compound has an a  hydrogen, it ~ 2 .2 .
isomerizes more or less readily to a chloro ketoxime. The identity of the nitrimine structure was further

W e have found a quite different result when com- verified by the reduction of H a to be corresponding
pounds of type I are treated with nitrosyl chloride. nitramine with lithium aluminum hydride.6 The
Two reactions occur. The oximino group is oxidized to halogen was untouched by the strong basic reagent.

Compounds H a and c were hydrolyzed in sulfuric acid 
X Y  solution to the corresponding a-bromo ketones.15
____p ________ q__ Sodium iodide in acetone replaces the a-bromine in

|| 3 f  , || lb, d, and f which is followed by loss of halogen to give
V tt \ 2 n 1-acetyl-l-cyeloalkene oxime. In  contrast, compound

~ H I-  l id  does not react with sodium iodide in acetone nor is
Br Br chlorine or bromine displaced by alcoholic silver nitrate

la , w = 3; X  = OCH3 Ha, n  = 3; Y = OCH3 solution. The bromine in Id reacts rapidly with
b> n -  ! ’■ ?  -  opw  h ,n  2  a ’ y  Z o p h  ethanolic silver nitrate. Compound lid  is also re-
d, n =  4 ; X  =  B r 3 d, w =  4; Y  =  Cl 3 covered  u n ch an g ed  a fte r  1 2 -h r reflux w ith  3 0 %  sulfuric
e, n = 5 ; X  = OCH3 e, n =  5; Y  = OCH3 acid in contrast to the easy hydrolysis of other ni-
f, » = 5; X  =  Br f, n =  5; Y  =  Cl trimines.16 The remarkable stability of chlorobromo
g, n  =  4 ; X  =  B r, S-C4H 9 on C4 g, n  =  4 ; Y  =  Ol , T r , , ,, ,  , * /  , . ■ Tj

compound lid  and the lability ol the a-bromme m Id
. . . , , , , , . certainly suggests that bromine displacement in Id

a nitrimine II, a result that has been accomplished by occurg before oxidation to nitrimine.
nitrous acid oxidation6 and by nitrosyl fluoride6 but not 
by nitrosyl chloride. In  the case of a-bromo ketoximes
lb, d, f, and g, the oxidation is preceded by replacement Experimental Section
of bromine with chlorine to give lib , d, f, and g. The 1-Acetylcyclopentene.— 1-Acetylcyclopentene was prepared by
oxidizing action of nitrosyl chloride has been estab- the method of Casals17 in 77%  yield. The compound was
lished,7'8 but the replacement reaction is new. identified by its 2,4-dinitrophenylhydrazone derivative, mp

The mechanism of nitrimine formation (new N -N  2 0 1 -2 0 3 °17 and ir spectrum. The oxime was prepared (yield
bond formation at the oximino nitrogen by an electro- f 1 %) by a well-known procedure18 and sublimed at low pressure

phllic NO"1" group, followed by an oxygen shift) SUg- Other acetylcycloalkenes were prepared by a Friedel-Crafts 
gested by Freeman6,9 and supported by Boswell6 seems procedure11 and their oximes by a standard method.18
adequate to account for the present results. The acetylcycloalkenes showed the following absorption in

the ir spectra (cm -1, dilute CCU): vinyl CH, 3050-3075 (s); 
C = 0 ,  1720 (s), 1670-1675 (s); C = C , 1640-1650 (w). The 

(1) S u p p o rte d  in  p a r t  b y  P u b lic  H e a lth  S e rv ice  G ra n t  C A -07521 { ro m  th e  n m r  gpectrum of l-acetyl-l-cyclopentene follows (CCh): 5 6.68
N a tio n a l In s t itu te s  o f H e a lth .  T h e  V a ria n  A -6 0 A  n m r s p e c tro m e te r used 2 .25 (s, 3), 1 .8 -2 .7  (m, 6). The nmr spectra of Other
in  th is  research was p urchase d  th ro u g h  a N a tio n a l Science F o u n d a tio n  I n -  acetylcycloalkenes were consistent with these chemical shifts for

8t~ !  R h e in b o ld t,  A n n .,  451, 161 (19 2 7 ); H .  R h e in b o ld t a nd  M .  D e -  ^  CH - aceN l C H 3 g r o u p s ,  and methylene g r o u p s .

w a ld , ibid., 455, 300 (1927). --------------------------
(3 ) (a ) P . P . K a d z y a u s k a s  a n d  N .  S. Z e firo v , Buss. Chem. Rev., 31, 543

(1968); (b ) L. F . F iese r a n d  M .  F ieser, "R e a g e n ts  fo r  O rg a n ic  S y n th e s is ,"  (10) R . E . C h r is t  a n d  R . C . Fuso n , J . Amer. Chem. Soc., 59, 893 (1937).
J o h n  W ile y  &  Sons, In c . ,  N e w  Y o rk ,  N . Y . ,  1967, p p  7 4 8 -7 5 5 ; (c) L .  J. (11) N . Jones, H . T .  T a y lo r ,  a nd  E . R u d d , J. Chem. Soc., 1342 (1961).
B e ckham , W . A . Fessler, a nd  M .  A . K ise , Chem. Rev., 48, 319 (1951). (12) O. W a lla c h  a n d  E . E va n s, A n n .,  360, 44 (1908).

(4) K .  A . O g lo b in , V . N .  K a lik h e v ic h , A . A . P o te k h in , a n d  V . P. Sem enov, (13) R .  F . G o d d u , Anal. Chem., 29, 1790 (19 5 7 ); 30, 1707, 2009 (1958).
Zh. Obshch. Khim., 34, 170 (1964). (14) S. G . B ro o ks , R . M .  E va n s, G . F . H .  G reen, J. S. H u n t ,  A . G . H u n t,

(5) J  P. F reem an, J. Org. Chem., 26, 4190 (19 6 1 ); 2 7 ,1 3 0 9  (1962); Chem. A . G . L o n g , B . M o o n e y , a n d  L . J. W y m a n , J. Chem. Soc., 4614 (1958).
Ind (L o n d o n ), 1624 (1960). U 5 )  E - J- C o re y , J. Amer. Chem. Soc., 75 , 2301 (1953).

(6) G . A . B o sw e ll, J r „  J. Org. Chem., 33, 3699 (1968). (16) J . W . S u g g itt,  G . S. M y e rs , and  G . F . W r ig h t,  J. Org. Chem., 12, 373

(7) P . A . S. S m ith , “ T h e  C h e m is try  o i O p e n -C h a in  O rg a n ic  N itro g e n  C o m - (1947).
p o u n d s ,”  V o l. I I ,  W . A . B e n ja m in , In c .,  N e w  Y o rk  N .  Y „  1966, p p  5 6 -5 8 . (17) P .-F . Casals, Bull. Chim. Fr„  253  (1963). _

(8) D . T . M a n n in g  and  H .  A . S ta n s b u ry , J r .,  J. Amer. Chem. Soc., 81, (18) R . L .  S h rin e r, R . C . F uso n , a nd  D .  Y .  C u r t in ,  "S y s te m a tic  Id e n t if ic a -
4885 (1959) l lo n  o l O rg a n ic  C o m p o u n d s ,"  5 th  ed, Jo h n  W ile y  &  Sons, In c . ,  N e w  Y o rk ,

(9) See a lso T .  W ie la n d  a nd  D . G rim m , Ber., 96, 275 (1963). N . Y „  1964, p  289.
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T able I
P roperties op M ethyl Cycloalkyl K etoximes

Y ie ld , .---------------O xim e--------------- . ,---------------------------C a lcd , % --------------------------- . r---------------------- F o u n d , % ----------------------- -
1 -A c e ty l d e r iv a t iv e  %  M p , °C  Y ie ld ,  %  C  H  N  C  H  N

Cyclopen tene 77 94H15.5 41 6 7 .1 7  8 .8 6  11.19 67 .3 2  8 .7 4  10.94
Cyclohexene 73 6 3 .0 -6 3 .5  73 69 .0 3  9 .41  10.07 69 .3 0  9 .5 7  10.21
Cycloheptene 56 59-60 62 70 .49  9 .8 7  9 .1 3  70 .70  9 .6 9  9 .1 0
4-i-Butylcyclohexene 156-157 38 73 .7 8  10.85 7 .1 7  73 .80  10.79 7 .1 3

Table II
P roperties op Compounds I and II

Y ie ld , ,---------------------------------------C a lcd , % ----------------------------------------> --------------------------------F o u n d , % ------------------------------------ -
C o m p d  %  M p , “ C  C  H  N B r  C  H  N B r

la  37 106-107 40 .6 9  5 .9 8  5 .9 3  40 .6 5  6 .2 7  5 .9 3
lb  77 77-78 2 9 .4 9  3 .8 9  4 .9 2  29 .3 3  4 .0 8  4 .9 6
I la  69-70 36 .23  4 .9 5  10.57 36 .5 0  5 .2 0  10.40
lib  57-58 31 .2 0  3 .7 6  10 .42  31 .43  3 .7 6  10.54
Ic 90 133-134.5  43 .23  6 .4 1  5 .6 0  31 .96  43 .45  6 .4 6  5 .5 3  32 .0 9
Id 100 118-119 32 .1 5  4 .3 8  4 .6 8  53 .4 6  32 .41  4 .4 9  4 .7 8  53 .57
lie  89 71-73 38 .73  5 .41  10.03 38 .78  5 .6 2  10.07
lid  40 57-58 33 .87  4 .6 1  9 .8 7  33 .65  4 .2 6  9 .6 2
Ie 30 130.5-132 45 .45  6 .8 7  5 .3 2  45 .4 7  6 .7 7  5 .2 4
If 44 100-101 34 .52  4 .8 3  4 .4 7  34 .9 4  4 .7 9  4 .5 9
He Oil
Ilf 15 6 0 .5 -6 2  36 .31  4 .7 4  9 .41  36 .47  4 .7 4  9 .31
Ig 20 134-135 .5  4 0 .5 6  5 .9 6  3 .9 4  40 .5 4  5 .6 8  3 .6 7
Ilg  40 92-93 42 .41  5 .9 4  8 .2 4  42 .53  5 .7 9  8 .2 2

The corresponding oximes gave the following absorptions in bromosuccimmide in methanol to l-aeetyl-l-cyclohexene gave
the ir spectra (cm -1, dilute CC14): oxime OH, 3590 or 3610 (s); the corresponding bromomethoxy ketone, but we were unable
II bond, 3200-3300; C = N , C = C , 1630-1650. Nmr spectrum to convert this compound into the oxime, Ic. 
of 1-acetyl-l-cyclopentene oxime (CC14): 8 9 .8  (s, 1, NOH), Ir spectra of the bromomethoxy ketoximes were taken in
6.01 (m, 1), 2.0 (s, 3 ), 1 .8 -2 .8  (m, 6 ). Other oximes had con- dilute carbon tetrachloride solution: NOH, 3590-3600 (s);
sistent nmr patterns. See Table I for analyses. C = N , 1650 (w); C— O, 1060-1090. Nmr spectrum of la

Methyl 1,2-Dibromo-l-cyclopentyl Ketoxime (lb).— Addition follows (CC14): 8 4.15 (d, 1, CH Br), 3.1 (s, 3, OCH3), 1.9 (s, 3,
of bromine in carbon tetrachloride to the corresponding ketoxime CH3). In compound Ic, the oximino proton was shifted to 8
gave the dibromo derivative in 77%  yield. The solvent was 10.00 (s) while it was smeared out and not identified in the other
removed and the oxime was recrystallized from a carbon tetra- bromomethoxy compounds. The CHBr proton appeared at a
chloride-pentane mixture, mp 7 7-78 .5° . The compound de- consistent point.
composed when exposed to light and was kept in a sealed con- Methyl l-Methoxy-2-bromocyclohexyl Nitroketimine (lie).—
tainer. Compound Ic (2 g, 8 mmol) was dissolved in 30 ml of carbon

Other dibromo compounds were obtained in quantitative yields tetrachloride at room temperature and a slow stream of nitrosyl
by the same method. When the corresponding dibromo ketones chloride gas was bubbled through it. After the solution became
were oximated, low yields or no yields of dibromo ketoximes were dark brown the gas stream was stopped and the solution was
obtained and the compound lost hydrogen bromide contin- allowed to stand for 10 min. Then 2 g of anhydrous sodium car-
uously.19 The dibromo oximes gave the following ir absorption bonate was added and the mixture was allowed to stand for 1 hr.
bands (cm -1, dilute CC14): oxime OH, 3580-3600 (s); C = N , Solids were removed from the green oil by filtration and the sol-
1650-1670 (w). The nmr spectrum of lb follows (CC14): 8 4 .7  vent was removed on a rotating evaporator. The green oil
(d, 1, CH Br), 2.1 (s, 3), 1 .9 -3 .0  (m, 6). The nmr spectra of the solidified in the refrigerator, yield 2.0 g (89% ), mp 6 5-66°.
other dibromo compounds, Id, f, and g are consistent with the Three recrystallizations from pentane and two sublimations gave
spectra of lb . the analytical sample, mp 71-73°.

Sodium iodide (75 mg, 0.5 mmol) was dissolved in 10 ml of Other nitrimines (II) were prepared by a similar procedure, 
acetone and shaken with 36 mg (0.12 mmol) of Id. Sodium Ir spectra of the nitrimines II  were taken in dilute carbon tetra-
bromide precipitated at once, but the mixture was allowed to chloride solution: C = N , 1630-1640; N 0 2, 1580 and 1320.
stand overnight. The white precipitate was filtered and acetone Nmr spectrum of lie  follows (CC14): 8 4.22 (br, 1, CH Br), 3.23
was removed on a rotatory evaporator. The remaining oil was (s, 3, OCH3), 2.03 (s, 3, CH3). Other compounds II  had spectra
taken up in water and extracted with carbon tetrachloride. consistent with these chemical shifts.
Evaporation of the carbon tetrachloride gave 12 mg (70% ) of a Compound lie  (50 mg) was dissolved in 20 ml of carbon tetra-
solid, identified as 1-acetyleyclohexene oxime by comparison with chloride and 1 ml of sulfuric acid was added. The mixture was
the nmr spectrum of an authentic sample (CC14): 8 1.97 (s, 3), stirred at room temperature for 1.5 hr. The reaction mixture
6.12 (m, 1). was neutralized with cold aqueous potassium hydroxide solution

In contrast, lid  was recovered unchanged after refluxing with and the aqueous layer was extracted with carbon tetrachloride,
sodium iodide in acetone for 2.5 hr and standing overnight. The solvent was dried with anhydrous magnesium sulfate and

Methyl l-Methoxy-2-bromo-1-cyclopentyl Ketoxime (la).—■ then the carbon tetrachloride was removed. One drop of oil
Compound lb  (2 g, 7.0 mmol) (above) was dissolved in 30 ml of remained which had the following properties: ir (cm -1, CC14)
absolute methanol and stirred for 20 hr at ambient tempera- C = 0 ,  1720 (s); nmr (CC14) 8 4.3 (br, 1), 1 .5 ~ 2 .5  (m, 8 ).
tures. The solution was poured into ice and the precipitate was The spectrum was identical with that of an authentic sample of
collected and dried, yield 0.61 g (37% ), mp 104-106°. The a-bromocyclohexanone.15
analytical sample was recrystallized twice from aqueous methanol, Other properties of compounds I and II appear in Table II .
mp 106-107°. Reduction of the Nitrimine Ila to a Nitramine.— A solution of

The yield was not improved by adding anhydrous sodium 1.38 g (5.2 mmol) of compound Ila  in 50 ml of dry ether was
carbonate to the reaction mixture. Other bromomethoxy added to a slurry of 0.5 g of lithium aluminum hydride5 in 100
ketoximes were prepared in similar fashion. Addition of N- ml of dry ether. The reaction mixture was stirred overnight at

ambient temperatures and then refluxed for 24 hr. The mixture 
(19) N .  H .  C ro m w e ll a nd  P . H .  Hess, J .  Amer. Chem. Soc., 8 2 ,1 3 6  (1960). was poured into 500 ml of ice water and neutralized with dilute
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fn«!' 7 % % tractfed with ®ther and d™ d> yield was converted in 67% yield to I llb . The isoxazoline
1.05 g (76%). Recrystallization from pentane and sublimation tu -nroa ^ a ^ ^ a tttu u u • • , •
at low pressure gave the analytical sample of 1-a-nitraminoethyl- 0X1̂ 1Zeĉ  ^  chromic acid in acetic
l-methoxy-2-bromocyclopentane, mp 105-106°, 112° dec. acid> tlie usual reagent for converting the isoxazoline

A nal. Calcd for C8H,5N203Br: C, 35.95; H, 5.66; N, 10.49. to an isoxazole. Compounds la  and Ic gave 3a-bromo
Fournh C, 36.31; H, 5.72; N, 10.60. derivatives by action of N-bromosuccinimide, but

the lr spectrum of the mtramme was taken in dilute carbon JITi) was fnrrnpri kv  r|pbvrlrnbTT,minnlior, ar,ri T T T P 
tetrachloride (cm“1): NH, 3360; N02, 1580 and 1340. The 1 '  not formed by dehydrobromination, and I l lc
nmr spectrum (CC14) follows: s 4.83 (q, 1, J  =  7 Hz), 4.17 was to° unstable to isolate for analysis. Compound
(br, l), 3.4 (s, 3), l .33 (d, 3, J  = 7 Hz). The uv spectrum was H ie  was identified by ir and nmr spectra (Table I).
taken in 95% ethanol: Xmax 232 m,u (e 8500).6'20

Registry No.— Ia, 23042-83-3; lb, 23042-84-4; x3a CH3 pH3 CHi
Ic, 23042-85-5; Id, 23042-86-6; Ie, 23042-87-7; If, ,L\ % X > V = f  , / ^ l ------ (
23042-88-8; Ig, 23042-89-9; Ha, 23042-90-2; lib , /NH (t% 2H  J ,
23042-91-3; lie , 23042-92-4; lid , 23042-93-5; lie , O O O
23042-94-6; Ilf, 23042-95-7; Ilg, 23042-96-8; 1-acetyl- A* A"
cyclopentene oxime, 23042-97-9; 1-acetylcyclohexene Ia,b,c lib Illb
oxime, 23042-98-0; 1-acetylcycloheptene oxime, 23042- CH3 Br CH3
99-1; l-acetyl-4-l-butylcyclohexene oxime, 23043- A— ^
00-7; l-a-nitraminoethyl-l-methoxy-2-bromocyclopen- (CH2)m | \fOH — > (CH2),„ \ jqh 
tane, 23043-01-8. V % > k H

(20) R . N . Jones a n d  G . D . T h o rn , Can. J. Res., B 2 7 , 828 (1949); I V a ,  b, C B r

C. L .  B u m g a rd n e r, K .  S. M c C a llu m , a nd  J . P . F reem an, J. Amer. Chem. Soc., V a ,  b, C
83, 4417 (1961).

----------------------------- /
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F used -R in g  Isoxazolines and T h eir  Isom ers1 ^  /  3

[  T XNOH — ►  (CH2)„, J  i
Kyong Pae Park, Chyng-yann Shiue, ^ ^  V ^ 0.N

and Leallyn B. Clapp Br
VIb VIIb’ c

M etcalf Chemical Laboratories,
Brown University, Providence, Rhode Island  02912 „, . .

Condensation of the 1-acetylcycloalkenes with hy-
Received August 12 ,1 9 6 9  droxylamine in the presence of pyridine gave the

unsaturated oximes IV, isomers of I. Compounds IV 
A2-Isoxazolines2 are commonly synthesized from added bromine (accepted as a irans addition) to give

a,/3-unsaturated carbonyl compounds by treatment bwts-dibromo derivatives V. The small dipole mo-
with hydroxylamine. The extensive work of Barnes,2 men  ̂ of Vb (0.59 D in benzene) is compatible with the
Blatt,2 and von Auwers2 has shown that the isoxazolines 1̂J Lns structure. Acetone oxime, for example, has a
do not arise by direct cyclization (Michael self-addition) fEP°̂ .e moment of 0.88 D .10 trans elimination of HBr
of the unsaturated oxime. No A3-isoxazoline with an *s ads0 consishent with  ̂ the proposed
unsubstituted N H 3 has been reported, but a A4-isox- stereochemistry of Vb. Dehydrobromination of  ̂Vb
azoline has recently been postulated as an inter- wVh 1 mol of triethylamine in homogeneous medium
mediate in the pathway to an aziridine.4'6 yielded VIb, identified by nmr spectra and isolated as

We have synthesized a series of A2-isoxazolines I, the a ^ ass‘ Compounds VIIb,c were obtained in a
unsaturated isomeric oximes IV, and the unsaturated two-phase reaction by shaking solutions of Vb,c in
isomeric fused ring compounds III and VII. The carbon tetrachloride over sodium hydroxide pellets,
cycloalkene added the elements of acetonitrile oxide6'7 Compound VIb was also converted to V llb  by the
to give the A2-isoxazolines I. These isoxazolines do sanae method. However, compound Va did not
not add bromine at room temperature in a period of undergo the dehydrobromination reactions carried out
24 hr. B y  oxidation with N-bromosuccinimide8 lb  in a sum ar w'ay. The allylic bromide V Ib is a logical

reactive precursor of V llb . The nonreactivity of
(1) S u p p o rt b y  P u b lic  H e a lth  Service G ra n t  CA-07S21 is g ra te fu l ly  Va by comparison with Vb toward dehydrobromination

ackno w ledg ed . T h e  V a rta n  A -6 0 A  n m r  s p e c tro m e te r a n d  th e  mass spec- ig explained by Brown’s I-Strahl theory.11 A  five-
trometer used in this research were purchased under a National Science ^ J  J
F o u n d a tio n  Research In s tru m e n t G ra n t.  R ie  inhered r i n g  reluctantly IOrHlS an 67ldo doilblG bond.

(2) R e v ie w e d  b y  A . Q u ilico , “ T h e  C h e m is try  o f H e te ro c y c lic  C o m - which Would be the Case if V ia  Were a precursor to
p o u n d s ,”  V o l. 17, A . W eissberger, E d ., In te rsc ie n ce  P u b lishers , N e w  Y o rk ,  t t t -t r\„  ^  1 :  u  i  • n
n . y ., 1 9 6 2 , C h a p te r  2 . V i l a .  O n  t h e  o t h e r  h a n d ,  a  s i x - m e m b e r  e d  r i n g  r e a d i l y

(3) K o h le r  re p o rte d  th e  N -a lk y l-s u b s t itu te d  r in g  s y s te m : E. P . K o h le r  forms an CYldo double bond11 (VIb) in the pathway to
a nd  n . k . R ic h tm y e r ,  j . Amer. chem. Soc., so, 3 0 9 2  (1 9 2 8 ) ;  e , p. K o h le r  y n b .  Presumably the seven-membered-ring V ic
a n d  C. L .  B ic k e l, ibid., 5 2 ,4 9 4 3  (1930). u u  . i i

(4) V . A . T a r ta k o v s k ii,  O. A . L u k ’ y a n o v , a n d  8. S. N o v ik o v ,  Dokl. Akad. W O l l lQ  DG S\ID JCC t> t o  i n t e r n a l  s t r a i n  m o r G  c lo S G ly  T G -

NauksssR, 178,123  (1968). sembling that of the six-membered ring than the
(5) H o w e v e r N -s u b s t itu te d  A M soxazo line .i are  accessible f ro m  N - a lk y l f i y e - m e m b e r e d  ring. C o m p o u n d  V i c  Was not isolated

m tro n e s  a n d  ace ty lene s: J . E . B a ld w in , R . G . Pudus3ery, A . K .  Q ure sh i, a n d  . T T  . , i  • i  . n
B . S k la rz , J. Amer. Chem. Soc., 90, 5325 (1968). D U t  V I l C  W a s  i s o l a t e d  a n d  i d e n t i f i e d .

(6) N .  B a rb u le scu , P . G ru n a n g e r, M .  R . L a n g e lla , a n d  A . Q u ilic o , Tetra
hedron Lett., 89 (1961). R . P a u l a n d  S. T c h e litc h e ff ,  Bull. Soc. Chim. Fr., (9) G . S. D ’A lc o n tre s  and G . L o  Vecch io , Gazz. Chim. Ital., 90, 347
2215 (1962); 140 (1963). (1960).

(7) G . B . B a c k m a n  a n d  L .  E . S tro m , J. Org. Chem., 28, 1150 (19 6 3 ). (10) S. S o u n d a ra ra ja n , Tetrahedron, 19, 2171 (1963).
(8) G . B ia n c h i a n d  P . G rtln a n g e r, Tetrahedron, 21, 817 (1965). (11) H .  C . B ro w n , Rec. Chem. Progr., 14, 83 (1953).
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T able I
P roperties of Compounds Ia-c, 11Tb,c, IYa-c, Va-c, Vlb, and VIIb,c°

Compound Mp or bp (mm), °C Yield, % Ir, cm"1 Nmr, 5
la  5 3 .5 -5 5  (0 .3 )  37 1 6 2 0 ,1 0 1 0 ,9 5 0  1 .8  (s, 3), 3 .4  (br, 1), 4 .9  (br, 1)
lb 4 4 .5 -4 5 .5  (0 .1 4  ) 58 1620,1015 1 .92  (s, 3), 2 .8 2  (q, 1), 4 .2 5  (q, 1)
Ic  88-90  (3) 46 1625 ,1 1 6 0 ,1 0 3 5  1 8 (s, 3), 3 .2  (q, 1), 4 .5 7  (q, 1)
I llb  37 -3 8  (1) 67 1650, 1620 2 .21  (s, 3), 2 .4 8  (br, 2), 2 .6 4  (br, 2)
H ie 1640, 1620 2 .0 8  (s, 3), 2 .5 -2 .9  (br, 2), 2 .2 -2 .5

(br, 2)
IVa 9 4 -9 5 .5  41 3 6 1 0 ,3 2 0 0 ,1 6 3 0  9 8 (br, 1), 2 .0  (s, 1), 6 .0  (br, 1)
IYb 6 3 -6 3 .5  73 3 6 1 0 ,3 3 0 0 ,3 0 5 0 ,1 6 4 0  9 .9 4  (s, 1), 1 .95  (s, 3), 6 11 (br, 1)
IVc 5g_60 62 3 5 9 0 ,3 2 7 0 ,3 0 4 0 ,1 6 4 0  1 .97  (s, 3), 6 .2 3  (br, 1)
y a 7 7 -7 8 .5  77 3 6 0 0 ,3 2 0 0 ,1 6 5 0  2 .1  (s, 3), 4 .7  (br, 1)
Vb 118-119 100 3 600 ,3350  9 .0 7  (s, 1), 2 .0 7  (s, 3), 4 .7 2  (br, 1)
Vo 100-101 44 3580, 3300, 1670 2 .1  (s, 3), 4 .8 1  (br, 1)
Vlb 6 9 .6 4  (s, 1), 2 .0 0  (s, 3), 4 .2 4  (br),

5 .6 6  (br)
V llb  54-55 (0 .12 ) 65 1675 ,1 6 5 0 ,1 5 8 0  1 .93  (s, 3), 4 .4 6  (br, 1), 5 .6 7  (br, 1)
Y ]Ic  107-108 1670 ,1 5 3 0 ,1 0 8 0  2 .1 3  (s, 3), 4 .3 3  (br, 1), 6 .1  (br, 1)

a Melting points are corrected. Analyses were satisfactory for all compounds reported except Illb . Calcd: C, 70.04; H, 8.08; 
N, 10.21: Found: C, 69.33; H, 8.12; N, 9.83. 6 Obtained as a glass in 96%  yield, assuming that the glass is pure.

Reversal of the order of adding reagents to 1-acetyl- preparation of the series starting with lb  and IVb.
cyclohexene to give the dibromo ketone and then Vb Other members of each series were synthesized in a
was not successful. Bromine was rapidly decolorized comparable manner. The properties of the resulting
by addition to the unsaturated ketone, but, in the products are given in Table I.
presence of pyridine, hydroxylamine rapidly gave tars
with the dibromo ketone. Hydroxylamine hydro- Experimental Section
chloride alone gave no oxime nor were we successful „  , , , ,  t „ , „ ,  . , ,
with Subba modification. Cromwell and
Hess13 found t h a t  a  similar a-bromo ketone, 4 -b i- 0f pheny} isocyanate, and 31.5 g (0.42 mol) of nitroethane were
p h e n y l  l-bromoeyclohexyl ketone, gave nearly quan- added. The solution was stirred while 10 drops of triethylamine
titative elimination of HBr with tertiary amines and in 10 ml of cyclohexene was added very slowly over a period of 0.5
even 6 8 %  elimination with alcoholic silver nitrate. (h r- The reaction mixture was stirred at ambient temperatures

,_T / u ,. . i t* i t j  i.i • for 0.5 hr more and was then refluxed for 2 hr. The reaction
W e synthesized compounds of type I and the isomeric mixture was cooled and s?/m-diphenylurea was removed. The

compounds IV  with the thought that one of the series precipitate was washed with 100 ml of benzene in three portions,
IV  might be in equilibrium with the tautomeric A3- and the washings were added to the filtrate. The combined solu-
fused ring of type II. Catalytic hydrogenation of tion was washed twice with 100 ml of water, dried oyer anhydrous
TTrl , , , TT1___ _ .  , _____T— sodium sulfate, and put on a column containing 1 lb of alumina.
IVb suggests that the tautomer l ib  may be present. In The first 6Q0 ^  of p arbon tetraohloride elutesd 1-0 g of iiquid
the presence of 10% palladium on carbon, compound which was about 60% Ib> 35% dimeric addition product, and
IVb (lib) is rapidly reduced to a-aminoethylcyclo- a trace amount of dimethylfuroxan. Then 600 ml more of car-
hexane. One mole of hydrogen is taken up at a bon tetrachloride eluted 18.0 g of liquid which was mostly lb,
faster rate than the next two, a behavior more con- crude yield 58%• This liquid was dissolved in 150 ml of pentane

sistent with structure I  lb  than IV b . L̂he rs t  mole 0  became clear. This process removes dimethylfuroxan. The
hydrogen added to IV b  would be expected to give pentane solution was dried over anhydrous sodium sulfate, and
methyl cyclohexyl ketoxime. A  sample of this ketox- pentane was removed on a rotating evaporator. The remaining
ime prepared independently from methyl cyclohexyl oil was distilled at reduced pressure: bp 44 .5-45 .5° (0.14 mm);

ketone did not add 2 mol of hydrogen under the same Mukaiyama and Hoshino“  (and later
conditions in which l ib  (IVb) added 3 mol ol hydrogen. Backman and Strom7) used only 0.5 mol of nitroethane with
The alternate explanation that IVb adds the first phenyl isocyanate in generating acetonitrile oxide in situ. We
mole of hydrogen in the 1,4 manner to give an ene- obtained better yields with an excess of phenyl isocyanate,
hydroxylamine (unknown) is not consistent with the , A 3-Methyl-A*.^uteUahydro-y T(™ b^ 7 ? °
. , , , , , , , rp, 150 ml of carbon tetrachloride, 3 .0  g (0.0216 mol) of lb  and 4 .2  g
instability such a structure would have. The ene- (0 .0236 mol) of N-bromosuccimmide were added and gently re-
hydroxylamme should rearrange rapidly to methyl fluxed for 3 h r. Hydrogen bromide was liberated slowly. The
cyclohexyl ketoxime, which does not add hydrogen solution was cooled, and precipitated succinimide was removed
(vide supra) or add hydrogen rapidly to give a-amino- by filtration. The carbon tetrachloride solution was washed
e th y lcy clo h e x a n e , b u t th e  second  an d  th ird  m oles a re  tw \ce  wit+h, 7f ,ml of s o d hydroxidesolution and then with

~ . , . . .  water until the organic phase became clear. The carbon tetra-
ad ded  m ore  slow ly, n o t m o re  rap id ly  th a n  th e  first. chloride solution was dried over anhydrous sodium sulfate, and

O th e r re a ctio n s  d escrib ed  h ere an d  i r  an d  n m r the solvent was removed on a rotating evaporator. The yield
sp e c tra , h ow ever, a re  com p atib le  w ith  th e  single was 2.0 g, 67% . The analytical sample was distilled at reduced
s tru c tu re  IV b  pressure: bp 37-38° (1 mm), «.“d 1.4899. Compound I llb  was

' The experimental procedures are given below for the “ sntable upon standing and was analyzed on the day of prepara-
Reduction of Methyl 1-Cyclohexenyl Ketoxime (IVb).—

(12) K .  S. R . K r is h n a  M o h a n  R a o  a n d  V . B . Su bba  R a o , Indian J. Chem., _______________
6, 66 (1968).

(13) N .  H . C ro m w e ll and  P . H .  Hess, J. Amer. Chem. Soc., 82, 136 (1960). (14) T .  M u k a iy a m a  a n d  T .  H o sh in o , ibid., 82, 5339 (1960).
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i  o t M eth yl M ercap tan  from

73%.17 N -S u b stitu te d  N '-C yan o -S -m eth yliso th io u reas.
Compound IVb (128 mg, 0.92 m mol) was dissolved in 25 ml - __ t ___ ivr n

of 95%  ethanol, and 20 mg of 10%  palladium on carbon was -C yan ocarbodiim ides
added. The mixture was placed under 1 atm of hydrogen and
stirred magnetically as hydrogen was absorbed. After an indue- C. Gordon M cCarty, J ames E . P arkinson,
tion period of 12 min, 1 mol of hydrogen was taken up in 24 min and Donald M. W ieland10
and 2 mol at a distinctly slower rate in 2.5 hr. The hydrogen
uptake stopped and the catalyst was removed. Removal of the Department o f  Chemistry, West V irginia University
solvent on a rotary evaporator left 80 mg of an oil which ab- Morgantown, West V irginia 26506
sorbed C 0 2 from the air overnight to give a fine powder. T reat
ment with aqueous sodium hydroxide gave back the oil, and treat- D . ,
ment with hydrochloric acid on another portion gave the hydro- Received November 8, 1969
chloride of a-aminoethylcyclohexane. Recrystallization from
ethanol-ethyl acetate gave the pure hydrochloride, mp 241.5° Although carbodiimides with a wide variety of sub- 
dec (lit.18 mp 239-240°). An authentic sample of «-aminoethyl- stituents (R and R ' in 1) have been prepared and char-

*»  -  t w  is * * ■ if “ r .
An attempted hydrogenation of 130 mg of methyl cyclohexyl recorded information on N-cyanocarbodiimides (R or

ketoxime, mp 6 0 -6 1 .5 ° ,19 with 19 mg of 10%  palladium on carbon R 7 being CN  in 1). We report here evidence for the
under the same conditions as described for compound IVb (above) existence of N-cyanocarbodiimides in solutions result-
resulted in an uptake of less than 0.5 mol in 16 hr. The partially in g  fro m  th e  thermal or metal ion assisted elimination
reduced product was not further identified. £ ., , , r . .  .

The authentic sample of a-aminoethylcyclohexane was pre- o m e th y l m e rca p ta n  fro m  a  series of N -su b stitu te d
pared from 300 mg of methyl cyclohexyl ketoxime. The ke- A  -cy an o -S -m e th y h so th io u re a s  (2a-2d).
toxime was dissolved in 30 ml of absolute ethanol, and 5 g of D u rin g  th e  p re p a ra tio n  of sev eral com p ou n ds of th e  
sodium was added in pieces at a rate to keep the alcohol refluxing. g en eral fo rm u la  2  fo r a n o th e r s tu d y ,8 i t  w as found th a t
W ater was finally added and the amine was steam distilled. The a . , ,  j. , ,, • .
hydrochloride (150 mg, 43% ) was isolated and recrystallized from Y ® d .Y 0S® m e rca p ta n  a t  th e ir  te m p e ra -
ethanol-ethyl acetate, mp 242-243° dec. tu re  of m eltin g  to  yield  v iscou s red  oils o r red  glasses.

Methyl 2-(3-Bromo-l-cyclohexenyl) Ketoxime (VIb).— To a The elimination of mercaptans from isothioureas was
solution of 3.0 g (0.01 mol) of Vb” in 100 ml of carbon tetra- reported as early as 1881 by W ill4 and has been used by
chloride was added 1.02 g (0.01 mol) of triethylamine dropwise. F e r ris  an d  Schütz5 for the in situ generation of carbo-
Immediately, triethylamine hydrobromide was precipitated. • i «  , , . , ,
The carbon tetrachloride solution was filtered. After reducing m .1 es_m S°utlon. Ferris and Schütz facilitated the
the volume of the filtrate to 25 ml using a rotating evaporator elimination by using a heavy metal ion to effect precipi-
without heating, part of the solution was removed for an nmr tation of an insoluble metal mercaptide and a base to
spectrum of VIb. The low-field hydrogen on oxygen remained, serve  as an  a c jd acceptor. Their technique has been
and there was evidence of a trace amount of triethylamine from ad o p ted  in  th e  present study,
the easily identifiable ethyl hydrogens. The vinylic proton ap- '  J
peared at 5 5.66 and the allylic proton at 5 4 .24. When the sol- RNH
vent was removed completely, an almost colorless glass of 2.10 g \
remained. The glassy solid was not as soluble in carbon tetra- C = N C N
chloride as the starting compound. The nmr spectrum, as just __ __ /
described, was quite different from that of Vb or V llb  (Table I ) .  ^  GH3S
However, profound decomposition occurred when an attempt was 1 2a, R  =  CsH5
made to distil the glassy solid. ■'3 “  S 6S n

3-Methyl-A2'3a(4)-tetrahydro-l,2-benzisoxazole (Vllb).— In d R =  H *
100 ml of carbon tetrachloride 8.0 g (0.0268 mol) of Vb was dis- ’
solved, and to the solution was added 4.5 g of sodium hydroxide Compounds 2a-2d were conveniently prepared by 
pellets. The heterogeneous reaction mixture was stirred for 1 hr, ^he reaction of ammonia or the appropriate amine with 
and then the precipitate and excess sodium hydroxide were re- ,. , . . . ,  , 1 . . .
moved by filtration. The filtrate was washed twice with 50 ml dimethylcyanodithioimidocarbonate (3) which, m
of water and dried over anhydrous sodium sulfate. The dried turn, was prepared by the method of Hantzsch and
carbon tetrachloride yielded 2.85 g, 65% , of 3-methyl-A2'3a(4)- Wolvekamp.6 The formulation of the isothioureas
tetrahydro-l,2-benzisoxazole. The analytical sample was dis- as shown in 2a-2d is supported by their elemental

d?t.0a4t53edUCed PreSSUre: P 54“55 (0’12 mm ’ 1 analyses and spectral properties, some of which are
When 2.0 g of VIb was suspended in carbon tetrachloride and summarized in Table I. W orthy of comment is the

treated with 4.5 g of sodium hydroxide pellets, as just described,
1.0 g of V llb  (identical ir and nmr spectra) was obtained. T able I

Infrared Spectra of I sothioureas 2a-2d

Registry N o .-I a ,  20936-78-1; lb, 24010-91-1; Ic, ■-----— ---------- *■ « - . ( kb ,)------------------ •
24010-92-2; I llb , 24010-93-3; IIIc, 24010-94-4; IVa, C°“ pd NH ^  C~*
23042-97-9; IVb, 23042-98-0; IVc, 23042-99-1; Va, f  ’ o!«n
24010-49-9; Vb, 24010-50-2; Vc, 24010-51-3; VIb, 2c 3290 2180
24010-98-8; V llb , 24010-99-9; V ile , 24011-00-5. 2d 3 1 2 0 ,3 3 1 0  1530 2 1 8 0 ,2 2 0 0

(1) (a) S u p p o rt ia  p a r t  b y  N A S A  G ra n t  N s G (T )-2 1  is g ra te fu l ly  a c k n o w l-
(15) R . E . C h r is t  a nd  R . C . F u so n , J. Amer. Chem. Soc., 59, 893 (1937). edged, (b ) A b s tra c te d  fro m  th e  M .S . T he sis  o f J. E .  P a rk in s o n  and  th e
(16) R . L .  S h rin e r, R . C . F u so n , a nd  D .  Y .  C u r t in ,  “ S y s te m a tic  I d e n t i f i -  P h .D . T he sis  o f D . M .  W ie la n d , W e s t V irg in ia  U n iv e rs ity ,  1969. (c)

c a tio n  o f O rg a n ic  C o m p o u n d s ,”  5 th  E d ., J o h n  W ile y  &  Sons, In c .,  N e w  N A S A  T ra in e e , 1965-1968.
Y o rk ,  N .  Y . ,  1964. (2) F . K u rz e r  a n d  K .  D o u ra g h i-Z a d e h , Chem. Rev., 67, 107 (1967).

(17) C . Sh iue, K .  P . P a rk , a nd  L .  B . C la p p , J. Org. Chem., 35, 2063 (3) C . G . M c C a r ty  a nd  D . M . W ie la n d , Tetrahedron Lett., 1787 (1969).
(1970). (4) W . W il l ,  Chem. Ber., 14, 1485 (1881).

(18) M .  F re ife ld e r  a n d  G . R . S tone, J. Amer. Chem. Soc., 80, 5270 (1958). (5) A . F . F e rr is  a n d  B . A . S ch ü tz , J. Org. Chem., 28, 71 (1963).
(19) M .  G o d c h o t, C. R. Acad. Sci., Paris, 151, 1131 (1910), re p o r te d  m p  (6) A . H a n tzsch  a nd  M .  W o lv e k a m p , Justus Liebigs Ann. Chem., 331, 265

60 °. (1904).
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nitrile absorption in the ir spectra of 2a and 2d. The T a b l e  II
observation of a shoulder on the main peak in 2a and a R e s u l t s  o f  E l i m i n a t i o n  a n d  T r a p p i n g  E x p e r i m e n t s “

sharp doublet of equal intensity in 2d is consistent iso-
with the conclusion that syn-anti isomerism about the thio~ Mercaptide salt Trapping Derivative formed
„  -vr , , . , ,  l q tti urea (yield, %)" reagent (yield, %)
C = N  bond is possible m these compounds.3 Tor . „ „ „  /inn, . . . .  , ...
2b and 2c either only one isomer is preferred m the guanidine (52)
crystalline state or the difference in absorption fre- 2a H gClSCH3 (87) CIbO H -CH iO - N-Phenyl-N'-cyano-
quencies must be small or nonexistent. O-methylisourea

CaHdOH (46)
(CH3S)2C = N C N  +  RNHi ------- >• 2a-2d 2b AgSCH3 (97) NH3 l-Cyclohexyl-2-cyano-

3 guanidine (54)
, . 2c AgSCH3 (86) NH3 l-Ethyl-2-cyano-

Each of the compounds 2a-2d, when taken to its guanidine (22)
melting point in a vial or capillary tube, gives off methyl 2d AgSCH3 (100) C6HUNH2 l-Cyclohexyl-2-cyano-
mercaptan. As the mercaptan is being evolved, a red, guanidine (23)
viscous oil forms which becomes quite hard upon cool- 2d AgSCH3 (96) NH3 Dicyandiamide (50)
ing. In the case of 2a analysis of the resulting red “ All reactions were in D M F -E t3N solutions except the second, 
glass showed sulfur to be absent. which was in CH3O H -Et3N. 5 All yields are corrected for the

A  variety of procedures was employed to prepare triethylamine salt present.
and trap the N-cyanocarbodiimides from 2a-2d. The . . .  .
salts found to be most useful for these studies were silver matlon of mercaptan, the reported yield of mercaptide 
nitrate and mercuric chloride. Both are soluble in a salt was isolated before the trapping reagent was added 
fair number of organic solvents and give mercaptide i"0 solution. Indeed, the direct reaction with the 
salts insoluble in the same solvents. Triethylamine isothioureas was tried in some cases for the synthesis of 
was used as a proton acceptor in all cases. In a typical . e products and, in each case, more stringent reac- 
experiment, the elimination reaction was carried out by hon conditions (higher temperatures, sealed tubes) were 
adding a solution of the metal salt to a stirred solution required to obtain reasonable yields, 
of 2 and triethylamine in the same solvent at room tern- ^he fo rm a l elimination oi methyl mercaptan from 
perature. The metal mercaptide usually started pre- was a ŝo investigated.  ̂Heating a solution of 2a in
cipitating instantly in finely divided form and was es- diphenyl ether to 150 while sweeping the gas evolved
sentially completely formed in 0.5 hr, although stirring through two traps containing aqueous silver nitrate
was continued, at room temperature, for 1 hr before the resulted, after 2 hr, in an 80% yield of silver mercaptide
red solution was cooled and the solid was collected and being collected. Subsequent addition of ammonium
weighed. After removal of the precipitate, the desired nitrate to the diphenyl ether solution led to the forma-
“ trapping” reagent was added to the filtrate to con- tion of 4 in 32% yield.
vert the intermediate into a guanidine or isourea deriv- Although the intermediates in these reactions could 
ative. The reactions carried out with 2a, for example, 110̂  be isolated in monomeric form and characterized, 
are shown in the following scheme. despite numerous attempts to do so,7 the evidence pre

sented uniquely supports N-cyanocarbodiimides as the 
ArNOj CHaO- CaHiiN<̂  reactive species. It is known that many carbodiimides

2a — — ■ >» [C6H5N = C = N C N ] ——> C = N C N  with unsaturated substituents on nitrogen are short-
dmf | NH or CHi0H lived in monomeric form.8 It would appear that N-

j. NHxNCH 3 5 cyanocarbodiimides are no exception to this, although
they may be relatively stable in inert solvents at low 

C6H6NH concentrations.

G =N C N
j j  Experimental Section

4 Melting points were determined with a Mel-Temp apparatus
0  . . . . .  . and are uncorrected. Elemental analyses were performed by
borne of th e  resu lts  of th ese  elim in ation  a n d  tra p p in g  Galbraith Laboratories, Knoxville, Tenn. Nmr spectra were 

re a c tio n s  fo r 2 a  an d  th e  o th e r iso th io u reas a re  su m m a- recorded on a Varian H A-60-EL spectrometer using tetramethyl-
rized  in  T a b le  I I .  T h e  d e riv ativ es  iso lated  w ere id en- silane as an internal standard (r 10.0) and solvents as specified,
tiffed b y  com p arison s w ith  a u th e n tic  sam p les a n d  b y  Ir spt°i T r S  êcord®d 017 Perkin-Elmer Model 137B and Beck-

their microanalyses and spectral properties. As can Synthesis of N-Substituted N'-Cyano-S-methylisothioureas.-
be seen from Table I I ,  the mercaptide formation was The preparations of 2a-2d were modeled after the procedure re- 
usually close to quantitative, suggesting high yields of ported by Davidson.9 The products were identified by compari-
the reactive intermediate. The lower yields of final son of meltins  P°ints with those reported in the literature,10
products were not unexpected in view of reported yields by elemental analyges (correct to within ±0-3% each element 
for similar derivatives from carbodiimides,5 suspected
reactions of the intermediate with itself, and the prob- ft(7) In a ieT T ment,s f  was po!“ble to °btain ir f  "ctra °fl he fi,ltrate
, . . 1 ”  a f te r  re m o v a l o f th e  m e ta l m e rc a p tid e  a n d  som e o f th e  D M F  s o lv e n t.
16H1S s o m e t i m e s  e n c o u n t e r e d ,  i n  t l i e  i s o l a t i o n  o f  t h e  T h e  c a rb o d iim id e  re g io n  (2200-2000 c m -1) show ed an  a b s o rp t io n  b a n d  a t  
p r o d u c t s .  ca' 2150 c m -1  w h ic h  was n o t  d u e  to  s o lv e n t o r  C = N  o f  s ta r t in g  m a te r ia l.

l  i i i  i  i  T h is  b a n d  d isap peared as fu r th e r  so lv e n t was re m o ve d  a n d  was a lw a y sSince the same final products could have been ob- absent in the red oils or glasses resulting from complete removal o{ 6olYenty 
tamed by direct reaction of the trapping reagents with (8) h. g. Khorana, Chem. Rev., ss, 145 (1953).
the starting isothioureas, it is important to emphasize (9) J' s' Davidson’ Chem-Ini■ (London), 48,19 7 7  (1965).
,1 x • i ,, j, x l -  £ % i • • X 1 T (10) F. H. Curd, J. A. Henry, T. S. Kenny, A. G. Murray, and F. L.
th a t  m  e ach  of th ese stud ies of m e ta l ion  assisted  elim - Rose, j . chem. soc., 1630 (1948).
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in each case), and by their ir (Table I )  and nmr spectra. The l-Ethyl-2-cyanoguanidinefrom2c.— Asolutionof 0 255g(0 0016
procedure for 2a is given as a typical example. mol) of 2c and 1 ml of triethylamine in 50 ml of D M F was com-

N-Phenyl-N'-cyano-S-methylisothiourea (2a).—Dimethyl bined with a solution of 0.27 g (0.0016 mol) of silver nitrate in
cyanodithioimidocarbonate6 (10.0 g, 0.069 mol) was dissolved in 20 ml of D M F. After the resulting solution was stirred for 1 hr
200 ml of ethanol. To the stirred solution was added 10 ml (0.11 the precipitated silver mercaptide was collected, yield 0.200 g
mol) of aniline over a period of 30 min. The solution was kept (86% ). Dry ammonia was bubbled through the solution for
at 80 for 5 hr and then reduced by evaporation to one-fourth 30 min and then stirring at 40° was maintained for 24 hr. Re-
the original volume. The white crystals which appeared while moval of the solvent by vacuum distillation left a red oil, which
the solution was cooled at 0° for 2 hr were collected by filtration. was further purified by column chromatography (neutral alu-
Recrystallization from ethanol gave 11.0 g (83% ) of white mina). Collection of the band eluted with a 1 :1  ethyl-cyclo
crystals: mp 194-196° (lit.10 mp 195-196°); ir (K B r) 3210 (N H ), hexane mixture yielded a red oil, which could not be induced to
2160 and 2180 (shoulder) (C = N ), and 1520 cm -1 (C = N ); crystallize despite repeated attempts. This oil amounted to 0.042
nmr (DMSO-d6) r  0.05 (s, 1, N H ), 2 .4 -2 .9  (m, 5, C6H 6), and g (22% ) and gave spectral and analytical results expected
7.45 (s, 3, CH3S). for the desired product: nmr (DMSO-d6) r  3 .0 -3 .6  (m 3 NH2

A nal. Calcd for C9H9N3S: C, 56.5; H, 4 .70 ; N, 22.0; S, and CAhN H ), 6 .7 -7 .1  (q, 2 , CH3CH2), and 8 .8 -9  1 (t 3
16.7. Found: C, 56.5; H, 4 .65 ; N, 21 .9 ; S, 16.7. CH3CH2). V ' ’

l-Phenyl-2-cyanoguanidine from 2a. Method A — A solution A nal. Calcd for C4HaN4: C, 42 .8 ; H, 7 .20; N, 50.0. Found: 
of 0.27 g (0.0016 mol) of silver nitrate in 20 ml of D M F was C, 42 .7 ; H, 7 .26; N , 50.0.
added to a solution of 0.30 g (0.0016 mol) of 2a and 10 drops of l-Cyclohexyl-2-cyanoguanidine from 2d.— To a stirred solution
triethylamine in 50 ml of D M F. A yellow precipitate of silver of 1.00 g (0.0087 mol) of 2d and 2 ml of triethylamine in 100 ml
mercaptide formed immediately. After the mixture was stirred of D M F was added 1.60 g (0.0094 mol) of silver nitrate in 50 ml
for 1 hr at room temperature and then cooled in a Dry Ice - of D M F. A light yellow solid precipitated and the solution was
acetone bath, the yellow precipitate was collected by filtration stirred for 45 min at 0 ° . An excess (2 ml) of cyclohexylamine
and washed with D M F. After drying it amounted to 0.235 g, was added to the filtrate after the removal of the silver mercaptide
a quantitative yield of silver mercaptide. Ammonia was bubbled (1.37 g, 100% ) and then the mixture was kept at reflux tempera-
through the filtrate for 1 hr at 0 ° . The mixture was then stirred ture for 6 hr. Vacuum distillation of solvent left a red oil, which
at room temperature for several hours followed by removal of a l l . was placed on a column of neutral alumina for further purifica- 
but 10 ml of the D M F by vacuum distillation. Addition of 100 tion. The total yield of crystals from the 1 :1  ether-chloroform
ml of ether and cooling in a Dry Ice-acetone bath led to the forma- fraction was 0.33 g (23% ), mp 157-159° (lit.11 mp 158-160°).
tion of 0.13 g (52% ) of l-phenyl-2-cyanoguanidine, mp 197-199° A mixture melting point with the material previously described
(lit.11 mp 195-196°). The ir and nmr spectra were consistent from 2b and a consistent ir spectrum were taken as evidence for
with the proposed product, as was the microanalysis (below). the product being l-cyclohexyl-2-cyanoguanidine.

A nal. Calcd for C8H8N 4: C, 60 .0 ; H, 5 .00 ; N, 35.0. Found: Dicyandiamide from 2d.—A solution of 1.00 g (0.0087 mol) of
C, 60.3; H, 5 .11; N, 35.2. 2d and 1 ml of “riethylamine in 100 ml of D M F was stirred for

Method B .— The thermal elimination of methyl mercaptan 45 min with 1.60 g (0.0094 mol) of silver nitrate. The yellow
from 2a was effected by heating a solution of 1.00 g( 0.0053 mol) silver mercaptide (1.3 g, 96% ) was removed by filtration and
of 2a in 100 ml of diphenyl ether for 2 hr at 150° while nitrogen then dry ammonia was passed through the filtrate for 1 hr at 0°.
gas swept the mercaptan into traps containing 5%  aqueous silver Concentration of the solution to 20 ml by vacuum distillation
nitrate solution. The silver mercaptide collected after 2 hr was followed by cooling in a Dry Ice-acetone bath produced 0.46 g
0.65 g or 79.5%  of the theoretical amount. At this point 1.00 g of white solid. Recrystallization from ethanol gave 0.40 g (50% )
(0.013 mol) of ammonium nitrate was added to the diphenyl of white crystals, mp 208-209° (lit.12 mp 209-211°). The ir
ether solution and the temperature was held at 120° for 12 hr. spectrum matched the recorded spectra of dicyandiamide.13
The solvent was removed by vacuum distillation, leaving a red
oil from which a white solid formed after a few hours. Purifica- Registry No.— 2a, 21504-96-1; 2b, 24010-75-1; 2c, 
tion of the solid by column chromatography (neutral alumina) 5848-25-9; 2d, 15760-26-6; methyl mercaptan, 74-93-1 •
afforded 0.27 g (32.2% ) of white solid mp 197-198° ir and nmr N-phenyl-N'-eyano-O-methylisourea, 24010-78-4; 1-
spectra identical with those of the product from method A.  ̂ u , 1 0 .  • i- n , Ain r . ’ , _

N-Phenyl-N'-cyano-O-methylisourea from 2 a . - T o  a stirred cyclohexyl-2-cyanoguanidme, 24010-79-5; l-ethyl-2- 
solution of 1.00 g (0.0053 mol) of 2a and 1 ml of triethylamine Cyanoguanidine, 24010-80-8. 
in 150 ml of absolute methanol at 50° was added 1.25 g (0.0062 ,,TT . „

, ,  c i ,  . . . .  . . r , . (12) H a n d b o o k  o f C h e m is try  a n d  P h ysics, 4 6 th  ed, C h e m ic a l R u b b e r
mol) of mercuric chloride. A white precipitate formed lm- Co C le ve la n d  O h io  p  C -954

mediately. After the reaction mixture was stirred at room tern- (J3 ) "S a d tle ’r  S ta n d a rd  S p e c tra ,”  S a d tle r  R esearch L a b o ra to rie s , In c .
perature for 45 min, the precipitate of HgClSCH3 was collected S p e c tra  N o . 497 and  13632.

by filtration, yield 1.29 g (87% ). Sodium methoxide (0.070 g,
0.0013 mol) was then added to the colorless filtrate as a catalyst -----------------------------
and stirring was continued at 50° for 10 hr. Removal of solvent
by distillation gave 0.425 g (46% ) of long, white needles: mp Evidence for an A zo m eth in e  Y lid e  In term ed iate  
166-167°; nmr (DMSO-d6) r  - 0 . 3  (s, 1, N H ), 2.4-2.7 (m, 5, , _  ,  ,  . .
C6H %  and 6.1 (s, 3, CH30 ) .  m  t h e  E arbonyl-A ssisted  D ecarboxylation

A nal. Calcd for C9H9N30 :  C, 61.7; H, 5 .14; N, 24 .0 . o f Sarcosine. A Novel S yn th esis o f
Found: C, 61.6; H, 5 .03 ; N, 24.1.

l-Cyclohexyl-2-cyanoguanidine from 2b.— To a solution of dZ-Phenylephrine H ydrochloride
0.31 g (0.0016 mol) of 2b and 1 ml of triethylamine in 50 ml of
D M F was added a solution of 0.27 g (0.0016 mol) of silver nitrate George P. R izzi
in 20 ml of D M F. The yellow precipitate of silver mercaptide
formed immediately and was removed by filtration after the -m r, , o n  , ,  „
solution had been stirred for 2 hr. The yield of silver salt was . . .  The Procter & Gamble Company
0.226 g (97% ). Dry ammonia was bubbled through the filtrate M m m l V alky  LahoratorieS, Cincinnati, Ohw 1+5239
for 1 hr at 0° and then the mixture was stirred for 10 hr at room
temperature. After the D M F solution was concentrated to 10 Received November 10, 1969
ml by vacuum distillation, it was diluted with ether and water
and allowed to stand for 2 days. The crystals which formed T h e re  ig m .Jc h  evid en ce to  in d ica te  th a t  th e  ra te  of
during this time were collected and lound to constitute a 54%  , i , • £ • • , • , . ,
yield: mp 157-158° (lit.11 mp 158-160°); nmr (DMSO-d.) r  th e rm a l d e ca rb o x y la tio n  of « -a m m o  a d d s  is a c ce le ra te d
3 .1 -3 .8  (m, 3 , NH2 and C6HnNH) and 8 .0 -9 .0  (m, 11, C6HU). m  the presence of certain aromatic carbonyl com-

A nal. Calcd for C8H 14N 4: C, 57.8; H , 8 .44; N , 33.8. Found: pounds.1 11 For cases involving amino acids with primary
C, 58.1; H, 8 .42; N, 33.8. amino groups, the effect has been interpreted mecha-

(1 ) A . F . A l-S a y y a b  a nd  A . L a w so n , J. Chem. Soc., C, 406 (1968), and
(11) B . C . R e d m o n  a n d  D .  E . N a g y , U .  S. P a te n t 2 ,455,807 (1948). references c ite d  th e re in .
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rustically. 2 Related N-alkyl a-amino acids also un- ditions and because no 2  was detected in crude sarco- 
dergo carbonyl-assisted decarboxylation. 3 No attempt sine reaction mixtures by thin layer chromatography, 
has been made, however, to explain their behavior Acetylation of the crude sarcosine-benzophenone 
mechanistically. The mechanisms which apply to decarboxylation product followed by silica gel column
ordinary unsubstituted amino acids cannot be applied chromatography led to the isolation of N-diphenyl-
to N-alkyl derivatives, since dehydration of initially methyl-N-methylacetamide (6 ). The amide had physi-
formed carbinols (eq 1 ) must at least formally lead to cal properties identical with those of an authentic speci

men prepared by methylating N-acetylbenzhydryl- 
R amine. The isolation of 6  showed that N-methyl-

R || benzhydrylamine (5) must have been present in the
\  r, , TT \yNCC0 2H' _ĤQ original basic extract.
/ =0 + HNCCO.H *■  /X I *" When sarcosine was heated in benzaldehyde, decar-

' boxylation and formation of dimethylamine readily
r  R R occurred at 150-170°. Fractional distillation of the

\ | | _ _Co2 \ I /  \  I / reaction mixture gave a single, distillable product which
^=NCC0 2 y = N — ■ *-*■  y r _N==  ̂ (1) was shown to be 2 ,5 -diphenyl-3 -methyloxazolidine (7)

i (27% yield). As in the case of 1, compound 7 exhibited

dipolar intermediates instead of the usual a-imino acids. 0 __ S
The loss of carbon dioxide from betaines such as those I I /  \ — CCH2NHCH3

shown offered the intriguing possibility of forming a P h f |  r= I
resonance-stabilized azomethine ylide . 4 In this note ^  y[ OH
we wish to report chemical evidence for this type of 3 8a, R = H
ylide intermediate in reactions of sarcosine (N-meth- b, R=OCH2Ph
ylglycine) with benzophenone and benzaldehyde. c, R = OH (hydrochloride)

Results ir absorption at 3.55 ¡j. characteristic of an N-methyl
TT7, . u  pl i. compound. The probable presence of cis and transWhen sarcosine was heated m a melt ot benzophenone . 1 , . , r   ̂ c ,, „ ,

. . . . .  i j i  ,  ., , i  * isomers made interpretation ol the nmr spectrum dif-at 170 it dissolved slowly with concomitant loss ot _ ,, , ,, „  .■  ,,, ,. . ,  , ,, , ■ r, , .. ,  ficult; however, the expected ratio ot aromatic, methy-carbon dioxide and dimethylamine. -Extraction ot an , ’ , , , , , /1n 0 A
,, , ,. , ,, i , j-i , u n i  iene, and methyl protons was observed (10:2:3).ether solution of the cooled melt with dilute HOI TT J , • , „  , , , , , , , , 0 ,. , ,  , ., , . r .. r , • , o o - j. ,  Hydrolysis of 7 produced benzaldehyde and 2-methyl-yielded an oily, basic traction from which 2,2,5,5-tetra- J f  , . f. . . . __ ,\ i 1 0  ammo-l-phenylethanol (8a) m 72 and 94% yields, re-

phenyl-3-methyloxazohdme (1) and l,l-diphenyl-2- ,. , ,“r, „  v ' , , , . , ,
1 ,, , . : i 4. j  i c J  i spectively. When 8 a was heated in benzaldehydemethyiammoethanol (2) were isolated by fractional 1 , , , , „  , , . rc,m

, lr on. • r j + c 1 u ,i under decarboxylation conditions, 7 was formed m 52%crystallization. The infrared spectrum of 1 showed . . ,  .. J ,, , „ ,
typical N-methyl absorption at 3.55 y. Its nmr spec- yield’. suggef mg j hat 8a mlght actually have been a 
, •  j .  , ,  , ,  t i  . t  T reaction intermediate. However, since no 8 a wastrum indicated aromatic, methylene, and methyl pro- , x , . ,, , , , , . , , , .
tons in the predicted ratio of 20:2:3. The structure of detected m the crude decarboxylation product by thin
1 was confirmed by hydrolysis to form 2 . Compound chromatography prior to distillation, the hy-
2 exhibited broad infrared absorption at 2.92 /n attribut- P °„  esis wa® j10 C0I( rnae ’
able to both OH and NH functionality. Nmr indi- Comparabie yields of 7 were formed when 2 equiv 
cated the expected ratio of aromatic, methylene, and ?f benzaldehyde and 1  equiv of sarcosine were refluxed
methyl protons (10:2:3). Acetylation of 2  with ^  f veral, h°uf s m benzene This modification o:
acetic anhydride in pyridine gave a crystalline N- the benzaldehyde reaction ultimately led to a novel
acetyl derivative 3, whose nmr spectrum indicated a S>'nthcS1S °/ f  Phenylephrine hydrochloride (8 c). Sar-
new methyl signal at 5 2.00 with peak area equal to "osme and 3-benzyloxybenzaldehyde reacted m re-
that under the N-methyl peak. The ir spectrum of 3 Auxmg xylene to form (after hydrolysis) l-(3-benzyloxy-
showed strong absorption at 6.15 y characteristic of phenyl)-2-methylaminoethanol (8b) m 23% yield,
N.N-dialkylamides. When 3 was refluxed in toluene Hydrogenolysis of 8b m methanolic HC1 then gave 8 c
in the presence of p-toluenesulfonic acid, dehydration in nearly  quantitative yield, 
occurred to form N-acetyl-N-methyl-2,2-diphenylvinyl-
amine (4) in high yield. The highly conjugated nature Discussion
of 4 was clearly evidenced by strong ultraviolet ab- The array of products observed when sarcosine was 
sorption at 228 and 278 nm (e 18,200 and 13,700, re- dec&rboxylated in benzophenone suggested the reac- 
spectively). tion sequence involving a resonance-stabilized azo-

We concluded that 2  must have been formed by hy- methine ylide, shown in Scheme I .6 Azomethine
drolysis of 1  during work-up, since 2  did not react with ylides have been reported previously;6-7 however, none
benzophenone to lorm 1  under decarboxylation con- appears to have been observed in the course of amino

acid decomposition. The formation of dimethylamine
(2) F .  G . B a d d a r, J. Chem. Soc., S163 (1949).
(3) G . C h a te lu s , Bull. Soc.t Chim. Fr., 2523 (1964). S. A k a b o r i a nd  K .  (5) O u r re su lts  do  n o t  c o m p le te ly  exc lu d e  th e  p o s s ib il i ty  t h a t  c o n d e n s a tio n

M o m o ta n i,  J. Chem. Soc. Jap., 64, 608 (1943); Chem. Abstr., 41, 3774 of the intermediate betaine may have taken place prior to decarboxylation
(1947). E . T a k a g i, J. Pharm. Soc. Jap., 71, 648 (19 5 1 ); Chem. Abstr., 46, (c/. re f 4 ) ;  ho w e ve r, w e  fa v o r  th e  m echan ism  sh o w n  in  Schem e I  because i t
8045 (1 9 5 2 ); a n d  subse quen t pap ers  b y  th e  la t te r  a u th o r .  a lso exp la ins  th e  fa c ile  fo rm a t io n  o f d im e th y la m in e  in  a l l  cases.

(4) R e c e n tly  an  y lid e  m echan ism  was proposed fo r  th e  th e rm a l d e ca r- (6) R . H u isgen , Angew. Chem. Ini. Ed. Engl., 2 , 565 (1963).
b o x y la t io n  o f N -c a rb o x y m e th y lp y r id in iu m  b ro m id e : W . G . P h il l ip s  a nd  (7) R . H u isg e n , W . Scheer, a n d  H .  H u b e r, J. Amer. Chem. Soc., 89, 175S
K .  W . R a tts ,  Tetrahedron Lett., 18, 1383 (1969). (1967).
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Scheme I that 8 a  is actually a reaction intermediate. If this
H is the case it is possible to explain the formation of 8a

Ph2CO + CH3NCH2C02H in terms of the well-known Hammick reaction9 (eq 4).

-H-Ol-CO.
1 + -  F h C H O  + H h 2o

+ -  - +  P h C = N C H 2 ----------- >  P hC =N C H 2C P h — >-
^ C - N C H ,  -  P h ,C N -C H ,J H la  H ^  ^

CH3 CH3 H H - P h C H O

P h '^ ~ jL p h  > < Vh*C0 2a 2b PhC— NCH2C P h ------------ >8« (4)

| Ph k o  iHiO H0 ^ 3  OH
OHa * *
1 [Ph2CN(CH3)2] [Ph2CNCH3] Experimental Section“

¡H+, OH“ I I Decarboxylation of Sarcosine in Benzophenone.—A mixture of
1 OH CH,OH sarcosine (1.79 g, 0.020 mol) and benzophenone (25 g) was

■DurvnTMr.iT l „„  „ heated to 150° for 2 hr and to 170° for another 2 hr. The hetero-
Th2DUH2WDH3 J  | ch!°  geneous melt rapidly evolved C 0 2 and dimethylamine at 170°.“

I On cooling ether was added and the resulting solution was
OH PW DW I ™ L „ u  decanted from a small amount of gummy material. Extraction

2 '  3' 2 Ph2CNCH3 0f the ether solution with 4 N  HC1 followed by neutralization with
6 N  NaOH gave 0.89 g of yellow oil, which partially crystallized 

AcjO-pyridine a on treatment with ethanol at 0° to yield 0.10 g (1 .3% ) of 1:
AiiO-pyridineI mp 150.5-152°; 100-MHz nmr 5 2.04 (s, 3 H, CH3N < ), 3.73

Ph p cir  vrritr 1 (s> 2 H, CH2), and 6 .7 -7 .9  ppm (m, 2 H, aromatic protons); ir
^ 2| 2|OH3 * (KBr.) 3.55 M (NCH,).

i r r  J H A n al. Calcd for C28H26NO: C, 85.90; H, 6 .44; N, 3.58.
UH Ac Ph2CNCH3 Found: C, 85.5; H, 6 .4 ; N , 3 .4.

3 | In a similar experiment prolonged cooling of the ethanolic solu-
I TsOHHjO-benzene Ac Hon yielded a second crystalline product (c a . 2 g) which was
I  6 filtered, washed with ethanol, dried, and showed to be crude 2

D, „ _by comparing ir and nmr data with those of authentic 2 de-
m t - U W H j  scribed below. P art of 2 (1.537 g) was dissolved in dry pyridine

I (25 ml) and treated with acetic anhydride (2 ml). After 1.5 hr
Ac at 25° water was added and the mixture was extracted with ether.

4  Concentration of the dried (MgSO,) ether solution gave 1.65 g
of white solid. Recrystallization from benzene-hexane yielded

i  ̂ , • i • , e  , , , • c ,i , 0.503 g of 3: mp 138.5-140°; 100-MHz nmr 5 2.00 (s, 3 H,
an d  5 are  exp lained  m  te rm s  of h yd roly sis  of th e  y lid e . Ch 3C 0 ), 2.42 (s, 3 H, CH3N ), 4.19 (s, 2 H, CH2), 5.90 (s, 1
Addition of water to the ylide probably leads to un- h , OH), and 7.08-7 .60  ppm (m, 10 II, aromatic protons); ir
stable amino alcohols, which readily collapse to form (K B r) 3.05 (OH) and 6.15 p ( C = 0 ,  broad, partially split),
products. Compound 5 is of special interest, since it A n al. Calcd for CnHi9N 0 2: C, 75.81; H, 7 .11 ; N, 5.20. 
corresponds to the “ transamination” products fre- Found. C, 76.2, H, 7.2 ; N, 5 .1.

quently encountered m carbonyl-assisted decarboxyla- and benzophenone (25 g), 1.221 g of crude basic products were
tions of a-amino acids. We envisage two possible obtained. Acetylation gave 0.996 g of neutral products, which
routes for the formation of 1. Like other dipolar on trituration with ether afforded 0.409 g of 3, mp 136-138.5°.
species6 2 a  may have undergone cycloaddition to excess The 0o1i,°bta,in®(: after t .riHiraHon (° ;58£  was chromatographed
i , i / ci\ rpi i- i i i v  i , over 30 g of silica gel (28-200 mesh, B . Preiser and Co., grade
ketone present (eq 2). The dipolar addition product 12). Xhe column ^as eluted with mixtures of hexane> b;ngzene)

and ether. Elution with 5 0 :5 0 -2 0 :8 0  hexane-benzene gave 0.106  
?H 3 g of 1. Pure benzene gave ca. 0.2 g of benzophenone mixed with
I /Ph a trace of 1. Further elution with increasing amounts of ether

2a +  Ph2C = 0  — > Ph2CCH2N = <  — *  1 (2) in benzene gave 0.248 g of an unseparated mixture of 3 and 6
j + Ph (ca. 1 :1  ratio). Fractions richest in 6 were pooled and re-

CT chromatographed over silica gel. Slow elution with 1-15%  ether
in benzene gave a pure sample of 6 whose solution, ir, and nmr 

, ,  , / .  . r ,- , , , l r , , spectra were identical with those of authentic 6.
of 2b and benzophenone (4,4,5,5-tetraphenyl-3-methyl- Hydrolysis of 3 . - A  mixture of 3 (1.23 g), mp 137-139°,
oxazolidine) was not isolated in the present work. reagent grade KOH (2.17 g), and redistilled l-butanol (20 ml)

Alternatively, the ylide may have first collapsed to was refluxed under N2 for 3 hr. Butanol was distilled under
a valence-bond tautomeric aziridine7 and subsequently --------------
reacted further8 (eq 3). It seems likely that a similar (9) D - L - H a m m ic k , et ai„ j . chem. Soc., 3825 ( 1 9 5 3 ) .

(10) M e lt in g  p o in ts  w ere  d e te rm in e d  on  a T h o m a s -H o o v e r  c a p il la ry  
a p p a ra tu s  and  are  n o t  co rre c te d . U l t r a v io le t  spectra  w ere  recorded  on  a C a ry  

Y ^ 3  M o d e l 14 s p e c tro p h o to m e te r. In fra re d  s p e c tra  w ere  re corded  on  a P e rk in -
I E lm e r  M o d e l 21 in s tru m e n t unless o th e rw is e  n o te d . N m r  sp e c tra  w e re

Ph C = =0 o b ta in e d  w ith  V a n a n  Associates H A -6 0  o r  H A -1 0 0  s p e c tro m e te rs  in  C D C l i
2 —  ¿ V P h  % 1 (3) us in g  te tra m e th y ls ila n e  (T M S )  as in te rn a l re ference. C h e m ic a l s h if ts  are

\ p j ^  expressed in  p a rts  p e r m il l io n  (6) d o w n fie ld  fro m  T M S .  M u l t i p l i c i t y  is
in d ic a te d  b y  le tte rs , w h ere  s ==> s in g le t, t  =  t r ip le t ,  a n d  m  =  c o m p le x , u n 
reso lved  m u lt ip le t .  M ic ro a n a ly s e s  w ere  p e rfo rm e d  b y  M r .  T .  A ta n o v ic h  

mechanism was operative in reactions of sarcosine and a n d  associates o f th is  la b o ra to ry  and  b y  Spang M ic ro a n a ly t ic a l L a b o ra to ry ,

benzaldehyde. As mentioned earlier, since 8 a  reacted A n n  A rb o r ,  M ic h .
,  i  i  i  i  i  c hr x i  • (11) T h e  C O 2 was tra p p e d  as B a C 0 3  (8 8 %  y ie ld  in  th e  case o f P I12C — O ) .

w i t h  b e n z a l d e h y d e  t o  i o r m  7 ,  t h e  p o s s i b i l i t y  r e m a i n s  D im e th y la m in e  was tra p p e d  in  aqueous HC1 a n d  id e n tif ie d  as th e  h y d ro 

c h lo r id e  b y  th e  m e th o d  o f J . H rd iic k a  a n d  G . J a n ic e k  [Nature, 201, 1223 
(8) S im p le  a z ir id in e s  re a c t w i th  ke tones to  y ie ld  o xa z o lid in e s ; cf. R .  M .  (1 9 6 4 )]; th e  b u lk  o f th e  sarcosine n itro g e n  app eared to  h a ve  been expe lled

Acheson, “ A n  In tr o d u c t io n  to  th e  C h e m is try  o f H e te ro c y c lic  C o m p o u n d s ,”  in  th e  fo rm  o f d im e th y la m in e . N o  a t te m p t  was m ade  to  id e n t i f y  fo rm a ld e -
2nd ed, In te rs c ie n c e  P u b lish e rs , N e w  Y o rk ,  N . Y . ,  1967, p  10. h y d e  am ong  th e  gaseous re a c tio n  p ro d u c ts .
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reduced pressure, leaving an oil which was treated with dilute dissolved rapidly with concomitant evolution of carbon dioxide 
HC1 and extracted with ether. Basification of the acid solution and dimethylamine.11 After 3 hr the clear yellow solution was
(NaOH)and reextraction with ether gave, after drying (Na2SO<) cooled to 25°, diluted with ether (200 ml), and extracted with
and concentration, 0.972 g of crude 2 as a viscous oil. The amino saturated, aqueous N a2C0 3 . Ether and benzaldehyde were
alcohol was purified via the hydrochloride. Dissolution of the removed on a rotary film evaporator to yield an oil, which was
crude product in dilute HC1 followed by evaporation of excess fractionated through a 3-in. Vigreux column. Following a
water and HC1 under reduced pressure gave 1.088 g (90% ) of negligible forerun 7.28 g (27% ) of 7 was collected, bp 130-150°
2 HC1, mp 218-219° dec. Recrystallization from 2-propanol (0.1 mm). A viscous pot residue remained which could not be
gave colorless microneedles, mp 217.5-219° dec. distilled at 280° (oil-bath temperature). A sample of the clear

A nal. Calcd for C15H i3NOC1: C, 68.3; H , 6 .8 ; Cl, 13.5; distillate, bp 132° (0.1 mm), showed the following properties: 
N, 5 .3 . Found: C, 68 .3 ; H, 6 .9 ; Cl, 13.6; N, 5 .2 . 100-MHz nmr 8 2.04  (s, 3 H, CHSN ), 3.73 (s, 2 H, CH2), and 6 .7 -

A solution of the hydrochloride (0.396 g) in water (10 ml) was 7.9 ppm (m, 10 H, aromatic protons); ir (liquid film) 3.55 ¡i
basified by dropwise addition of concentrated N H4OH. An oil (NCH3).
separated, which crystallized completely after several hours at A n al. Calcd for CiJHnNO: C, 80.30; I i , 7 .16 ; N , 5 .85. 
0 ° , yield 0.279 g (82% ). Repeated recrystallizations from Found: C, 80 .6 ; H, 6 .9 ; N, 5 .9.
aqueous ethanol gave colorless needles of 2 : mp 80-115° (ap- A solution of the oxazolidine 7 (1.568 g) in 4 N  HC1 (10 ml) was
parently polymorphic); 60-MHz nmr 8 2.47 (s, 3 H, NCH3), stirred for 1.75 hr at 25° and extracted with ether, and the ether
2.75 (s, 2 H, OH and N H ), 3.34 (s, 2 H, NCH2), and 6 .98-7 .64  extract was concentrated. Treatment with an excess of 2,4-
ppm (m, 10 H, aromatic protons); ir (K B r) 2.92 (OH and N H ), dinitrophenylhydrazine reagent (H2SO() gave 1.354 g (72% ) of
3.57 (NCH3, weak), 6.16 (CN ), 6.28 (aromatic C = C ), and 9.52 benzaldehyde 2,4-dinitrophenylhydrazone, mp 233-234 .5°. The 
ti (CO). aqueous phase from the ether extraction was concentrated to a

A n al. Calcd for C15H17NO: C, 79.26; H, 7 .54 ; N , 6 .16 . syrup and neutralized with aqueous Na2COs solution. Extraction
Found: C, 79 .4 ; H, 7 .4 ; N, 6 .2 . with ether followed by drying the extract (Na2S 0 4) and concen-

Hydrolysis of 1 .— A mixture of 1 (0.146 g), mp 149.5-151°, tration under reduced pressure gave 0.935 g (94% ) of crystalline
and 1 N  HC1 (10 ml) was refluxed under N 2 for 2.25 hr. The 8a. Recrystallization from ether yielded a pure specimen:
cooled reaction mixture was extracted with ether to remove mp 75 .5-76 .5° (lit.15 mp 75 .5 -7 6 °); 100-MHz nmr 5 2.38 (s, 3
benzophenone and the clear, aqueous phase was concentrated H, CH3N ), 2 .60-2 .88  (unresolved group of peaks, 4 H, NH, OH,
under reduced pressure to yield 0.097 g (99% ) of 2 HC1, mp and CH2), 4.66 (q, 1 H , >CH O H ), and 7.25 ppm (s, 5 H, aroma-
207-209 °. The identity of the product was confirmed by its ir tic protons).
spectrum. Reaction of 8a with Benzaldehyde.— A sample of the amino

Dehydration of 3 .— A solution of the amido alcohol 3 (0.235 g), alcohol 8a (0.148 g), mp 74-75°, was heated with benzaldehyde
mp 138.5-140°, in toluene (10 ml) was treated with p-toluene- (1 ml) for 3 hr at 170° under a nitrogen atmosphere. On cooling,
sulfonic acid monohydrate (0.064 g) and refluxed for 1 hr under glpc analysis on a 10 ft X  0.25 in. column containing 5%  DC-200
N2. The toluene solution was diluted with ether, washed with on 60-80 mesh siliconized Chromosorb W (120°) showed that 7
N aH C 03 solution, dried, and concentrated to yield 0.199 g of had been formed in 52%  yield (0.076 g of hexadecane served as
pale yellow oil which slowly crystallized at 25°. The crude internal standard). The identity of 7 was confirmed by trapping
product was chromatographed over 20 g of 40-200 mesh silica a sample from the effluent He stream and comparing correspond-
gel. Elution with benzene and 10%  ether in benzene yielded a ing ir spectra.
small amount of an unidentified, nonpolar by-product. Further cK-Phenylephrine.— A 100-ml, round-bottomed flask arranged
elution with 20%  ether in benzene gave 0.180 g (82% ) of 4 as with a Dean-Stark water trap was charged with sarcosine (0.897  
colorless crystals. Recrystallization from ether-hexane yielded g ,  0.0101 mol), 3-benzyloxybenzaldehyde16 (4.24 g, 0.020 mol),
prisms of pure 4: mp 85 -8 6 .5 ° ; 60-MHz nmr 5 2.15 (s, 3 H , and xylene (50 ml). After refluxing 0.2 hr practically all the
CH3CO), 2.78 (s, 3 H, CH3N < ), 6.74 (s, 1 H, H C = ), and sarcosine had disappeared and water (ca. 0.2 ml) was collected.
7 .08 -7 .58  ppm (m, 10 H, aromatic protons); ir (K B r) 5.91 The pale yellow xylene solution was diluted with ether (100 ml),
( 0 = 0 ) ,  6.12 (C = C ), and 11.55 n [ -C H = C -  (v C H )]; uv max 4 HC1 (20 ml) was added, and the mixture was stirred vigor-
(ethanol) 228 (e 18,200) and 278 nm (e 13,800). ously at 25° for 20 hr. The xylene was separated and the

A nal. Calcd for C17H17NO: C, 81.24; H, 6 .82; N , 5 .57 . aqueous HC1 was concentrated under reduced pressure to yield
Found:^ C, 81.6; H, 6 .7 ; N, 5 .4 . a crystalline residue. The crystals were dissolved in water (10 ml),

N-Diphenylmethyl-N-methylacetamide (6).— A solution of N- 3iVNaOH (10 ml) was added, and the final mixture was extracted
acetylbenzhydrylamine12 (2.184 g, 0.00973 mol), mp 148-149°, with ether. The ether extract was washed with saturated brine,
in distilled diglyme (30 ml) was treated with 0.466 g (0.0109 dried (Na2S 0 4), and concentrated under reduced pressure to yield
mol) of 56%  NaH (suspension in mineral oil, Metal Hydrides, 0.603 g (23% ) of crude 8b, mp 8 7-95°. Recrystallization from
Inc., Beverly, M ass.). The mixture was stirred at 65° under a ethyl acetate gave colorless crystals, mp 102.5-103.5° (lit.17 mp
nitrogen atmosphere for 25 min and cooled to 25°, and a solution 103°).
of dimethyl sulfate (1 ml) in diglyme (4 ml) was added. After A solution of 8b (0.267 g), mp 101-102.5°, in methanol (3 ml)
16.5 hr at 65° water was added and the mixture was extracted was added to 10%  Pd on charcoal (0.075 g, prereduced with
with ether. Concentration of the dried (MgSO<) ether solution hydrogen) in a mixture of methanol (20 ml) and concentrated
gave an oil, which was shown by thin layer chromatography to HC1 (1 ml). Hydrogenolysis with H2 at 1 atm was complete
contain a 1 :1  mixture of starting material and a single new after 2.5 hr. Evaporation of the solvent and HC1 gave crude 8c
product. The oil was redissolved in diglyme (30 ml) and treated in quantitative yield. Recrystallization from ethanol gave
with NaH and dimethyl sulfate as previously described. After colorless prisms, mp 143-146.5° dec (lit.18 mp 140-145° dec),
alkylation had been allowed to proceed for 48 hr at 65°, the
mixture was worked up as before to yield a partially crystalline R e r is tr v  N o —  Snrensiup 10 7 -0 7  1 • 1 9 4 0 1 0  81 Q-
product. Pressing the crystals between layers of filter paper gave S  y Z Z  T  o /n i n  « 1  T o T o n i
1.64 g (71% ) of 6, mp 8 1-82°. Recrystallization from aqueous 24010-82-0, 2 hydrochloride, 24010-83-1, 3, 21901-
methanol gave 1.62 g of colorless prisms: mp 81-82° (corrected) 77-9; 4, 24010-85-3; 6, 24010-86-4; 7, 24010-87-5;
(lit.13 mp 8 0 -8 3 °); 100-MHz nmr 5 2.16 (s, 3 II, CH3CO), 2.68  8a, 6589-55-5; 8c, 20368-45-0.
and 2.74 (two s, 3 H total area, rotamers of CH3N < , peak at 2.68

5 T — " S o n , 1); %  ,  A c k n o w le d g m e n t.-T h e  tm th or w ishes to  th a n k  M r .
7 .00 , 7.14, 7.55, 7 .65, 8 .86 , 9 .28, 9.70, and 9.90 p . Ja m e s  b ch a e ie r lo r  th e  excellen t te c h n ica l a ssis ta n ce  he

Decarboxylation of Sarcosine in Benzaldehyde.— A 100-ml, p rov id ed  th ro u g h o u t th e  cou rse of th is  w ork, 
round-bottomed flask arranged for simple distillation was charged
with sarcosine (10.0 g, 0.112 mol) and reagent grade benzalde- ( IS )  A . T e ra d a , Nippon Kagaku Zasshi, 81, 759 ( I9 6 0 ) ;  Chem. Abstr.. 66 , 
hyde (50 ml). Upon heating with stirring at 170° the sarcosine 370 (1962).
_______________  (16) M .  D .  A rm s tro n g  a n d  K .  N .  F . Shaw , J. Biol. Chem., 225, 269 (1957).

(17) A . Z . B r i t te n ,  Chem. Ind. (L o n d o n ), 771 (1968). A  c o rre c t e le m e n ta l
(12) R . H u isg e n  a n d  R . F le isch m a n n , Justus Liebigs Ann. Chem., 623, a n a lys is  was o b ta in e d  fo r  o u r  m a te ria l.  T h e  y ie ld  o f a n a ly t ic a l ly  p u re  8b

47  (1959). waa increased to  ca. 5 0 %  w h e n  th e  re a c tio n  was c a rrie d  o u t  in  re flu x in g
(13) H .  D a h n  and  U . Sohns, Helv. Chim. Acta, 35, 1162 (1952). benzene fo r  16 h r .
(14) A  P e rk in -E lm e r  M o d e l 137 sp e c tro p h o to m e te r was used. (18) E . D . B e rg m a n n  and  M . S u lzbacher, J. Org. Chem., 16, 84 (1951).
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T h e  R e a c t io n  o f  duct 3 was determined by the location in the nmr of
5 -E th y lid e n e b ic y c lo [2 .2 .1 ]h e p t-2 -e n e  methine and methyl protons. Sufficient N-chloro-

with Chlorosulfonyl Isocyanate1 sulfonyl-/3-lactams have been prepared to provide
chemical shut data lor such protons on C atoms adja- 

r, T n/r ^ t „ cent to N and/or C = 0  functions of the azetidinone
ring. A comparison of the relevant nmr data for two

Department o f Chemistry, Fordham University, ?f. th+ef . roefere™e COmPOUfinids> l-chlorosulfonyl-3,4,4-
New York, New York 1 0 4 5 8  trimethyl-2-azetidmone (7),6 l-chlorosulfonyl-3-methyl-

l-azaspiro[3.5]nonan-2-one (8 ) ,6 and 3 are summarized 
Received November 21,1969 in Chart I. Finally, the stereochemistry of 3 is based

The high yield and selective and stereospecific . C h a r t  I

“active” sulfuration of norbornene and 5-ethylidene- N m r  D a t a  f o r  N - C h l o r o s u l f o n y l -|S-l a c t a m s . C h e m ic a l

bicyclo [2.2.1 ]hept-2-ene (1) to give exo-3,4,5-trithiatri- S h i f t s  (5 ) A r e  I n d ic a t e d  f o r  M e t h y l  a n d  M e t h i n e  P r o t o n s

cyclo[5.2.1.02>6]decane and its 8-ethylidine derivative k
(2), respectively, has recently been reported.3 Since
this new reaction may well proceed via an ionic mecha- 7\
nism,4 it is significant that in these and other norbornyl j l ^ N ^  S° 2̂ *
olefins and diolefins, sulfur adds exclusively to the u (2_^
norbornenyl ring double bond. 3

Since we too had noted such exclusivity in the cy- H
cloaddition reactions of chlorosulfonyl isocyanate 3-23 0
(CSI) with bridged bi- and tricyclic olefins,6 we wish to 3
report an unusual divergence from this now expected 3.32 328
pathway in the reaction of CSI with 1. H H

K g K H3C—C----- C— CH3i.3o -----c — CHj--.ii
s . n h „ d m f  „ / „ V l N

1100 Ns - f ^ _ CH3 cio2s / N  ^ 0  cio2s / N  S >

H H H 7 8
1 2

on the precedented attack of CSI at the exo face of 
csi, Et,o norbornyl olefins6 and the observed stereospecificity of

-3o° such cycloadditions to olefins.7-8
The strained electron-deficient carbonyl group in 3 

7, / T  appeared at 5.48 p in the infrared as well as the ex-
K , [H3 pected S 0 2 bands at 7.06 and 8.43 p . 5 At room tem-

s '  N perature, exposed to the atmosphere, /3-lactam 3 decom-
r  ,-CH3 posed to colored products within hours, while a t —20°

! h^~~ d  such decomposition occurred much more slowly. As
QH O with norbornadiene- and dicyclopentadiene-CSI ad-

2 5 ducts, 3 did not react further with CSI, while treatment
H H+ . of 1 with excess CSI led only to 3.

Removal of the electronegative SO2CI function in 
3 with thiophenol-pyridine in acetone afforded the 

’ ~ ^ p ~ N H 3 CF unsubstituted /3-lactam, 3-methyl-2-azetidinone-4-spiro-
CH(CH3)C02H 5'-bicyclo [2.2.1 ]hept-2'-ene (4), in which all nmr signals
6 were now shifted upfield and the NH proton appeared

at 5 7.60. Catalytic reduction of 4 led to the completely 
Thus, treatment of 1 with electrophilic CSI led in saturated tricyclic /3-lactam 5 in which the bridgehead

85%  yield to the single /3-lactam, l-chlorosulfonyl-3- protons, no longer allylic, are shifted upfield to 8 2.32
methyl-2-azetidinone-4-spiro-5'-bicyclo[2.2.1 ]hept-2'- and 2.15. In the infrared, the C = 0  bands in both 4
ene (3 ), in which exclusive attack had occurred at the and 5 appeared as doublets at 5.66 p. Hydrolysis of
exocyclic double bond. In the nmr, the two vinyl 4 with concentrated hydrochloric acid quantitatively
protons in 3 appeared as coupled doublets at 5 6.40 converted it into the amino acid hydrochloride 6.
and 6.08. The Markovnikov orientation of cycload- The results reported herein add further to the con

fusing data already available on cycloadditions with
(1) T h is  research is supported b y  P ub lic  H ea lth  Service Grants iden tified  i  i  x i i  . ,

as R O l AI08063-01-03 from  the  N ationa l In s titu te  o f A lle rgy  and In fectious I lO r D O IT lG I iy l  S y S tG lIlS . T l lU S ,  W i l l lG  tu lG  G lG C trO p h llG

Diseases. dichlorocarbene adds exclusively to the cyclopentene
<2̂ T<frradtu®te Kesea™h Assistant (1966-1968) on a grant* supported b y  ring bond in dicyclopentadiene,9 CSI adds only

the N IH ;  taken e n tire ly  fro m  th e  P h .D . thesis o f C . C. Jalandoni, Fordham  ^  J

U nive rs ity , 1969.
(3) T . C. Shields and A. N . K u rtz , J .  A m e r .  C h e m . S o c ., 91, 5415 (1969). (6) E . J. M o rico n i and J. F . K e lly , ib id . ,  33, 3036 (1968).
(4) W . A . P ryo r, “ M echanisms of S u lfu r Reactions,”  M c G ra w -H ill B ook (7) E . J. M o rico n i and J. F . K e lly , T e tra h e d ro n  L e t t . ,  1435 (1968).

Co., In c ., N ew  Y o rk , N . Y ., 1962, pp 97-109. (8 ) H . Bestian, H . Biener, K . C laussand H . H eyn., A n n . ,  718, 94 (1968).
(5) E . J. M o rico n i and W . C. C raw ford , J .  O rg . C h e m ., 33, 370 (1968). (9) L . Ghosez, P. Laroche, and L . Bastens, T e tra h e d ro n  L e t t . ,  3795 (1964).
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to the norbornenyl ring double bond in the same sys- m (C = 0 ) ; nmr (DjO) 81.37  (d, 3, / = 7.5 Hz, CH3) 1.82 (broad
tem ;5 further, while “activated” sulfur adds exclusively '1  p r 2.57 [q, 1 , J  = 7.5 Hz -CHiCHs)
, 2  , ’ , . ^ cit j j  COOH], 3.12 (broad singlet, 2, C-l, -4 protons), 6.20 (m, 1,
to the norbornenyl ring double bond m 1, CSI adds C-2 proton), 6.42 (m, 1, C-3 proton).
only to the exocychc double bond. In this latter reac- Anal. Calcd. for C10H16NO2Cl: C, 55.17; H, 7.41; N, 
tion, whatever the balance between steric factors 6.43. Found: C, 54.87; H, 7.25; N, 6.72.
(involving the approaching electrophile) and the
intrinsic reactivity (of each double bond in 1 ), the Registry No.— 1,16219-75-3; 3,24265-81-4; 4,24265- 
surprising result discourages even tentative mechanistic 82.5; 5) 24265-83-6; 6 , 24265-84-7; chlorosulfonyl
speculation without further and more comprehensive isocyanate, 1189-71-5.
experimental data.

Experimental Section 5 -T e tr a z o ly l  Y lid e s
Reaction of 5-Ethvlidenebicyclo[2.2.1]hept-2-ene ( l )10 with 

CSI.—A solution of 5.0 g (0.04 mol) of 1 in 20 ml of absolute L eland Huff David M. F orkey
ether was cooled to —30° by means of a Dry Ice-ethanol D onald W. Moore, and R onald A. Henry
bath. To this was added dropwise a solution of 5.9 g (0.04 mol)
of CSI in 15 ml of absolute ether. The mixture was stirred at , TTr „
— 30° for 30 min, then warmed to room temperature, and stirred Chemistry Division Code 605 Naval Weapons Center,
again for an additional 30 min. Approximately half of the sol- China Lake, California 93555
vent was removed by passing a stream of nitrogen through the
solution and gentle heating. Cooling at —20° for 6 hr afforded Received December 11, 1969
the colorless crude l-chlorosulfonyl-3-methyl-2-azetidinone-4-
spiro-5'-bicyclo[2.2.1]hept-2'-ene (3) Recrystallization from The moI)oa]kyktion of a 5-substituted tetrazole, as
pentane yielded 9.4 g (8 6 % ) of 3 as fine needles: mp 69-70 ; . t .  . . ; . , . , . _ ’ .
ir (CCh) 5.48 (0 = 0 ), 7.06 and 8.43 M (SO* nmr (CDCh) «1.14 its ™ n ,  normally leads to a mixture of 1- and 2-alkyl-
(d, 3, J  =  7.5 Hz, CH3) 1.80 (m, 2, C-7' protons), 2.25 (m, 2, 5-substituted tetrazoles; the ratio of isomers is in-
C-6 'protons), 3.02-3.33 (m, 3, C -3 ,- l ' , -4 'protons), 6.08 (split fluenced by the nature of the 5 substituent.1 Even
doublet, l, C-2'proton^ 6.40 (split dOTblet,l, C-3'proton). when this substituent is amino or substituted amino,

Anal. Calcd for Ck,H12NSOsC1: 0,45.89; II, 4.62; N, 5.35. . „ , ,. ,, ,, „ , ,. ,, ’
Found: C 45.59- H 4 86- N 5 26 ring alkylation, rather than alkylation on the exo

Treatment of l  equiv o i l with 2 equiv of CSI gave only the nitrogen atom, has been reported to occur prefer-
monoadduct 3. _ _ entially.2 It has now been found that the mono-

Reduction of 3 with Benzenethiol-Pyridme. A solution of benzylation of sodium 5-dimethylaminotetrazole in
0.64 g (0.008 mol) of pyndme m 7 ml of acetone was added slowly i • , 1 .1.1 , •. • i
to a solution of 1.77 g (0.007 mol) of 3 and 1.49 g (0.014 mol) of aqueous ethanol gives not only the expected, previously
benzenethiol in 18 ml of acetone cooled to - 3 0 °  in a Dry Ice- undescribed, 1- and 2-benzyl isomers, poorly soluble m
ethanol bath. After 4 hr, 18 ml of water was added drop- water and readily soluble in benzene, but a third
wise. Phenyl disulfide precipitated and the mixture was filtered isomer (29% yield), poorly soluble in benzene and

T eZ :  d S  S E  *>“ in watf Vô e and th?
residual oil was extracted with 50 ml of boiling pentane and the melting point (^05 vs. 78 and 95 , respectively )
extract was cooled to - 2 0 ° for 24 hr to yield 0.40 g (36%) of suggested the novel ylide 1 (R =  CH3), which would
3-methyl-2-azetidinone-4-spiro-5'-bicyclo[2.2.i]hept-2'-ene (4): result from benzylation on the exo nitrogen. Support
mp 97-98°; ir (CCh) 2.94 (free NH), 3.12 (bonded NH), 5.66 
M (C = 0 , doublet); nmr (CDCh) 8 1.06 (d, 3, / = 7.5 Hz,
CH3), 1 .6 6  (split singlet, 4, C-6 ' , - 7 'protons), 2.87 (broad com- Vr_vr R at_at Im
plex, 3, C -3 ,- 1 ' , - 4 'protons), 6.03 (split doublet, 1 , C-2 'proton), | \ / I \ y  ,
6.22 (split doublet, 1, C-3'proton), 7.60 (broad singlet, 1, NH). j ~ / h  ‘ C6H5CHX1 > | -  C N R -t* Cl

Anal. Calcd for CioHi3NO: C, 73.59; H, 8.03; N, 8.58. N—N R N—N V r r n t i
Found: 0 ,7 3 .8 4 ; H, 8.02; N, 8.44. D t W b

The analytical sample was prepared by sublimation at 88-89°
(0.25 mm).

Catalytic Hydrogenation of 4.—A solution of 0.76 g (0.005 mol) for this assignment comes from the XH nmr spectrum;
of 4 in 40 ml of absolute ethanol was hydrogenated (5% Pd-C) th  signal for methyl protons is shifted to lower field
at an initial hydrogen pressure of 38 psi in a Parr shaker for 1 hr. . 7 . , 1 , . • , , ,
The catalyst was filtered and the ethanol was evaporated in  while that for the benzyl methylene protons is shifted to
vacuo. The solid residue was recrystallized twice from pentane higher field than those observed with either the 1 or 2
to give 0.49 g (65%) of 3-methyl-2-azetidinone-4-spiro-2'-bicyclo- isomer (Table I ) .  The chemical-shift values found for
/ k ^ u ^ x r tn 6 76h 7 7 j°; j ,  free), 3.15 the ylides are in the ra n g e  normally observed for similar
(bonded NH), 5.66 m (C = 0 , doublet); nmr (CDCln) 5 1.18 (d, f  ,, , ,  i u i
3, J  = 7.5 Hz, CH3), 1.45 (broad complex, 8 , C-3', -5', -6 ', -7 ' quaternary ammonium salts. For example, benzyl-
protons), 2.15 (broad singlet, 1 , C-4 ' proton), 2.32 (broad sin- trimethylammonium iodide (in Polysol) gives values of
glet, l, C -l' proton) 3.00 (q, 1, J  = 7.5 Hz, C-3 proton) 7.38 r 6.77 and 5.18 for the methyl and benzyl methylene
(broad singlet, 1 , NH). nroton shifts

Anal. Calcd for CioHuNO: C, 72.69; H, 9.15; N, 8.47. P . j -  l r j  r< tt \
Found: C, 72.61; H, 9.14; N, 8 .4 5 . The nmr spectrum of the diethyl ylide (1, R =  G2H6)

Hydrolysis of 4  with Hydrochloric Acid.—A 0.30-g (0.002 mol) shows the same complex phenyl multiplet observed for
sample of 4 was dissolved in just enough concentrated HC1 to the dimethyl compound and the chemical shift of the
cover the solid material and allowed to stand at room tempera- benzyl methylene protons is nearly the same. Con-
ture for 2 hr The thick, transparent paste was dried under v incin  f q{ te trah ed ra l substitution on the exo
vacuum with r 20 5 giving a white solid. Recrystallization from \ . , . , „ rT ,, .
methanol-ether gave 0 .3 7  g (9 7 % ) yield of the amino acid hy- nitrogen is provided by the 2-Hz splitting of the ethyl 
drochloride (6 ): mp 245-247° dec; ir (KBr) 3.39 (NH), 5.87
______________  (1) F . R . Benson in  “ H eterocyclic Com pounds,”  V o l. 8 , R . C . E lde rfie ld ,

E d ., John W ile y  &  S on s, In c ., N ew  Y o rk , N . Y ., 1967, p  53.
(10) G raciously supplied in  research quantities b y  U nion  C arbide C orp ., (2) R . A . H enry  and W . G. Finnegan, J , A m e r .  C h e m . S oc ., 76, 923

Chemicals and Plastics, South Charleston, W . Va. 25303. (1954).
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T a b l e  I

N m r  C h e m ic a i> S h i f t  V a l u e s  f o r  B e n z y l a t io n  P r o d u c t s  o f  5 - D ia l k y l a m in o t e t r a z o l e s

Product“ R Phenyl Benzyl CHj R CH2 CHa Solvent
1- Benzyl CH3 2.63 4 .37 7.05 DMSO-&

2.66 4 .50 7 .02 CDC1S
2- Benzyl CH3 2 .60 4.28 7.06 DMSO-d6

2.63 4.43 6.95 CDClj
exo-N-Benzyl CH3 2 .726 4 .94 6.42 DMSO-d6
1- (3-Chlorobenzyl) CH3 2 .6 I> 4.39 7.02 DMSO-d6

2.751 4.54 7.10 CDC13
2- (3-Chlorobenzyl) CH3 2.&> 4 .30  7.05 DMSO-de

2.751 4 .47 7.05 CDC13
exo-N-(3-Chlorobenzyl) CH3 2 .7 6 4 .93 6.42 DMSO-ds
1- Benzyl CH2CH3 2 .68 4 .59 6.77 9 .00  CDC13
2- Benzyl C B 2CH3 2 .68 4 .47 6.53 8.88 CDC13
exo-N-Benzyl CH2CH3 2 .806 4 .95 6 09,6.13» 8 .70 PolysoF

“ Respective registry numbers follow: 24301-98-2, 24301-99-3, 24302-00-9, 24302-01-0, 24302-02-1, 24302-03-2, 24302-04-3, 24302" 
05-4, 24302-06-5. 1 Complex multiplet about r 0.4-0.6 wide. » Two overlapping quartets due to intrinsic asymmetry. j  A proprietary 
solvent with properties similar to DMSO-ds obtained from Stohler Isotope Chemicals, Azusa, Calif.

m ethylene signal in to  overlapping q u arte ts . T h is  can  Experimental Section
only arise from  th e  in trin sic  asym m etry  of su b stitu tio n  Benzylation of Sodium 5-Dimethylaminotetrazole.-A solution 
on th e  n itrogen w hich leads to  chem ical nonequivalence consisting of 33.9 g (0.3 mol) of 5-dimethylaminotetrazoIe, 120
of th e  gem inal protons as show n in  th e  p ro jectio n  ml of water, 240 ml of 95% ethanol, 12 g (0.3 mol) of sodium
diagram  hydroxide, and 38.0 g (0.3 mol) of benzyl chloride was refluxed

® ’ overnight. After the pH had been readjusted to the phenol-
phthalein end point, the solution was evaporated to dryness and 

N—N the solids extracted with one 200-, one 100-, and two 50-ml por-
N -  I tions of boiling benzene. Evaporation of the combined benzene

V . _ i  ptr extracts left 29.9 g (49%) of mixed 1- and 2-benzyl-5-dimethyl-
\ aminotetrazoles. Part of the mixture was chromatographed on

silica gel-Celite (2:1) using chloroform-benzene (1:1 v/v) to 
d o t  elute first the 2 isomer, then chloroform to remove the 1 isomer;3

j j  g  'pj the ratio of the former to the latter was 8 :1 .
3 b The 2-benzyl-5-dimethylaminotetrazole was recrystallized

CH2C6H5 from either cyclohexane or benzene: mp 94-95°; uv (95%
ethanol) 218 nm ie 4400), 272 (2500).

Anal. Calcd for Ci0H13N5: C, 59.09; H, 6.45; N, 34.46. 
A  suspension of 1 (R  =  C H 3) in  a sm all volum e of Found: C, 59.01; H, 6.44; N, 34.33. 

absolute ethanol a t  room  tem p eratu re  undergoes no The l-benzyl-5-dimethylaminotetrazole was obtained as color- 
change during several weeks. T h e  addition of an  less needles froin cyclohexane: mp 77-78°; uv (95% ethanol)

equim olar am ount of m ethyl iodide, how ever, causes a 21^ (< S d  fm K k :  C, 59.09; H, 6.45; N, 34.46.
m oderately rapid  solution of th e  y lid e; b o th  isom - Found: C, 59.18; H, 6.48; N, 34.40.
erization to  2-benzyl-5-dim ethylam inotetrazole (con- The residue remaining after the initial benzene extractions was 
firm ed b y  m elting point and ir spectrum ) and deben- digested with 400 ml of boiling 2-propanol and filtered. After
zylation  to  5-d im ethylam inotetrazole occur. Sodium  the crystalline product had been removed from the chilled filtrate,
. -• - i j x i  rr , i • .. the mother liquors were used again to extract the cake, lhe
iodide (m olar equivalent) also effects a  slow isom erization yield of crude ylide 1 (R =  CH3) recovered after this operation
in  ethanol (1 6 %  in  3 w eeks). Isom erization  resu lts had been repeated four times was 18.1 g (28.8% ): mp 185-195°
when th e  ylides are heated  in  solution. F o r  exam ple, (recrystallization of a portion from 2-propanol raised the melting
1 (R  =  C2H 5) is ab ou t 5 0 %  converted  in to  2-b en zyl-5- P“ nt (95% ethanol), :  '  , i ,, ,  ,  ■ , , n ;  . 217 nm (e4500), 258 (330), 263 (460), 270 (410).
d iethylam inotetrazole (trace  of 1 isom er) a fte r  10 hr m  AnaL Calcd for CioHi3n 6: C, 59.09; H, 6.45; N, 34.46.
D 20  a t  9 6 ° , based  upon changes in  th e  JH  nm r sp ectra  Found: C, 59.16; H, 6.54; N, 34.36.
w ith tim e. W hen 1 (R  =  C H 3) is heated  a t  96° in  The 1- and 2-benzyl-5-dialkylaminotetrazoles, as well as the
dim ethyl sulfoxide-de, 5 0 %  of th e  ylide d isappears in  24  parent 5-dialkylaminotetrazoles, all show a strong absorption
, , t l  a l  ir c j.v  i , , in their ir spectra in the range of 1590-1640 cm b This absorp-h r; how ever, only ab ou t h alf of th is  oss corresponds to  tion is absei;t with the ylides6
isom erization, th e  o th er h alf of th e  ylide having gone to  Benzylation of Sodium 5-Diethylaminotetrazole.—A procedure
5-d im ethylam inotetrazole (C H 3, T 7 .02 ) and benzalde- similar to the above was employed except that the dried mixture
hyde (C H , r  - 0 . 1 0 ) .  T h e  la tte r  com pound arises of products was extracted with cyclohexane rather than benzene.
from  an oxid ation  of a benzyl group b y  th e  solvent since ^ ! d o ffmi^ d and 2-benzyl-5 -diethylamin°tetrazole w ^

. , „  n oriC i -r. 65% ; the ratio of isomers was 1:5 based on 'H nmr. The ylide
dim ethyl sulfide (C D 2H , r  7 .82 ) also appears. B y  1 (R = C2H5) was extracted from the cyclohexane-insoluble resi-
w ay of con trast, th e  3-chlorobenzyl analog of 1 (R  =  due with boiling benzene-2-propanol (85:15) and crystallized
C H 3) is alm ost q u an tita tiv e ly  converted  in to  th e  2 slowly when the filtrate was chilled at 5° for several days. Re-
isom er a fte r  2 hr a t  9 6 °  in  d im ethyl sulfoxide w ith  no crystallization from acetone gave large transparent colorless

, . ,. i l l ,  j  r v prisms of a monohydrate, mp 125-130 , with slumping from 110 .
d etectab le  con cu rren t form ation  or aldehye and 5-d i- The yield was about 13%.
m ethylam inotetrazol e .

T h is  isom erization of th e  ylide resem bles th e  S tev en s
rearrangem ent w hich involves m igration  of a  benzyl (3) The first material off the column is assigned the 2-isomer structure 

r *i_ i i * i • since such isomers are more soluble and less polar than the corresponding
group from  nitrogen to  carb on  in  q u atern ary  am m onium  1 isomers [M H Kaufman_ F. M Ernsberger, and w. s. Mce™ , j . a ™ r.
S a l t .  Chem. Soc., 78, 4197 (1956) ].
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Anal. Calcd for C12H„N6 .H20 :  N, 28.09; H20 ,  7.33. the in term ed iate 5 according to  W ittig -ty p e  reactio n .
Found: N, 28.16; H20 , 7.9. _ B estm an n  and Seng 4 reported  a  sim ilar re actio n

2 -Benzyl-5-benzylmethylaminotetrazole. Benzylation of so- betw een phenylm ethylenetriphenylphosphorane and
benzalaniline to  afford atilberre and N -phenylim ino- 

tetrazole (1:5 based on *H nmr analysis), mp 56-57°. The 2 triphenylphosphorane.
isomer, mp 58-59°, was recovered when the crude product was Jn the reaction of the ylides 6 , containing a hydrogen
recrystallized from n-hexane. „  „ „, AT oc atom on the ylide carbon, diphenylcarbodiimide

Anal. Calcd for C.HnNs^ C, 68.79; H, 6.14; N, 25.07. ^  ^  moleculeg of the ylide 6, and_N-

°No ylide was found.’ ' _ phenyliminotriphenylphosphorane (7) and the ylides
5 -(3 -Chlorobenzyldimethylammonium)tetrazolate.—Thisylide, 8  were obtained,

prepared in 33% yield, decomposed at 227-228° after recrystal
lization from 95%  ethanol. p, p pTjTi i pv.'vr p—TSTPh  >.

Anal. Calcd for CI0Hl2N6Cl: N, 29.47; Cl, 14.91. Found: +
N, 29.33; Cl, 15.01. 6a’ R  -  COUM

The ratio of 1- and 2-(3-chlorobenzyl)-5-dimethylamino- b, R  = Ph unu—p —mpu pv, p- v p ,
tetrazoles, also recovered (56% yield) in this alkylation, was K C 1 1  °  -LN±r̂J:l +  H n
1:10. 9 7

Registry No.—2-Benzyl-5-benzylmethylaminotetra- j,PhjP=CHR

zole, 24302-07-6. ph3P = C R  Ph3P—CHR

.....  RCH2— C =N Ph ** HCH--C NPh
8 10

The Chem istry o f Cum ulated Double-Bond

Com pound. VIII. The Reaction j n the nmr spectrum of the ylide 8 a, the chemical
o f Phosphonium  Ylide w ith Carbodiimide shifts of the two ethyl protons were separated at 5

0.58 (t, CH3)-3.85 (q, CH2) and 8 1 . 0 2  (t, City- 4.12 
Yoshiki Ohshiro, Yoshikazu Mori, (q, CH2) ; the methylene group adjacent to the imino
Toru Minami, and Toshio Agawa group was seen as a singlet at 8 4.11. The infrared

spectrum of the ylide 8 a in a Nujol mull indicated the 
Department o f Petroleum Chemistry, peak at 1570 cm- 1  (imino group). Similar absorption

Faculty o f Engineering Osaka University, observed at 1530 cm- 1 for the ylide 8 b. In these
reactions, the ketemmines 9, formed m the initial step, 

Received October 1 4 , 1969 react immediately with additional ylide 6  to give 8  via
the betaine 1 0  by a prototropic shift.

Reactions of phosphonium ylides with ketenes or Methylenetriphenylphosphorane (11) reacted with 
isocyanates have been reported in a few papers. Lus- an equimolar quantity of diphenylcarbodiimide m
cher had reported that the reaction of diphenylmethy- dimethy sulfoxide; N,N-diphenylacetamidine (12) 
lenetriphenylphosphorane with diphenylketene yielded and triphenylphosphme oxide were obtained by trea - 
tetraphenylallene and triphenylphosphme oxide. 1 On ment with water. The ylide 13 was not isolated,
the other hand, Staudinger and Meyer reported that on ŷ acetamidme 12, presumably formed by hy- 
the reaction of the same ylide with phenyl isocyanate drolysis of the ylide 13, was obtained as a major prod- 
yielded ketenimine. 2 Trippet and Walker observed uct- 
that the products varied with the structure of ylides. 3

In this paper, we studied the reactions of phos- Ph3P—CH2

phonium ylides with carbodiimides. Ph3P = C H 2 +  P hN = C = N P h — >■ __ \ — ->
The reaction of diphenylmethylenetriphenylphos- l l  PhN—C=N Ph

phorane (1) with diphenylcarbodiimide yielded N- Ph3P = C H  h2o NPh
phenyliminotriphenylphosphorane (2) and triphenyl- | — > |( + Ph3P = 0
ketenimine (3) in good yield. The ketenimine 3 ex- PhNH—C =N Ph CH3 C—NHPh
hibited the principal infrared peak at 2 0 0 0  cm- 1  (C =  13  12

C = N ) and was hydrolyzed easily to diphenylacet-
anilide (4 ). The reaction process seemed to involve No reaction was observed between dicylohexyl-

carbodiimide and the ylides 2  and 6 . This may be
Ph P_ppv. due to the lower reactivity of the carbodiimide.

Ph3P = C P h 2 +  P hN =C =N P h — >  _  | — >
1 PhN C NPh Experimental Section

p, p__„ p, p , ,,__„__„ p. Preparation of the Carbodiimides.—A mixture of 15.7 g of
3 ‘ 2 ~~ phenyl isocyanate and 1.73 g of triphenylphosphine was refluxed

 ̂ 3  for 10 hr and distilled to give 8.9 g (70%) of diphenylcarbodi-
j j 20  imide, bp 122-127° (1 mm). The physical constants and the

Y infrared spectrum were identical with the reported data.6
Ph2CHCONHPh Dicyclohexylcarbodiimide was purchased and distilled, bp

4 135-138° (1 mm).

(1) G. Luscher, D ie s .  E id g .  T e ch n , H o c h s c h u le , Z u r ic h  (1922); A . W. John
son, “ Y lid  C hem istry,”  Academ ic Press, N ew  Y o rk , N . Y ., 1966, p 132. (4) H . J. Bestmann and F . Seng, A n g e w . C h e m ., 75, 475 (1963); T e tr a -

(2) H . Staudinger and J. M eyer, H e lv .  C h im . A c ta ,  2, 635 (1919). h e d ro n , 21, 1373 (1965).
(3) S. T rip p e t and D . M . W alker, J .  C h em . S oc., 3874 (1959). (5) F . K urzer and K . Douraghizadeh, C h e m . R e v., 67, 107 (1962).
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Preparation of Diphenylmethylenetriphenylphosphorane ( 1 ) . -  Solvolysis of 9 -B ro m o -l,3 ,5 ,7 -te tram eth y l-
The ylide 1 was prepared according to the procedure of Stau-
dinger.1 The physical properties were identical with reported 2 ,4 ,6 ,8 -te tra th iaad am an tan e1
data.

Preparation of Carbethoxymethylenetriphenylphosphorane y  Coffen and M. L. L ee
(6a).—The ylide 6a was prepared according to the procedure of
Denney and Ross.6 The physical properties were identical with _ ,
reported data. Department o f Chemistry, University o f Colorado,

Reaction of Diphenylmethylenetriphenylphosphorane (l)w ith Boulder, Colorado 80802
Diphenylcarbodiimide.—A mixture of 0.025 mol of the ylide 1 and
O. 025 mol of diphenylcarbodiimide was stirred at 160-180° for 4 Received December 5, 1969
hr under nitrogen stream. The reaction mixture was extracted
(petroleum ether), and 4.7 g (53%) of the insoluble solid was T h e  high solvolytic re a c tiv ity  of 0 -h alo  sulfides has
separated and recrystallized (ethyl ether) to give N-phenyhmmo- , , . , . .. . , J  „
triphenylphosphorane (2 ), mp 135—136°. been  extensively  investigated , p articu larly  th a t  of ft-

Anal. Calcd for C24H20NP: C, 81.57; H, 5.70; N, 3.96; chloroethyl sulfides, the “mustard gases.” 2 The effect
P, 8.76. Found: C ,81.82; H, 5.64; N, 4.07; P, 8.63. of sulfur as a neighbouring group8 is readily demon-

The extract (petroleum ether) was evaporated to give the strated, for example, by comparing the rates of solvol-
yellow solid, lr 2000  cm \ but recrystallization did not give a / j .  1AAO\ e n i i Al i ^  i
pure sample. The column chromatography (AW),, benzene) of JS  « (aqueous dioxane 100°) of ^-chloroethyl ethy
the solid gave 6 .8  g (9 4 % ) of dipheny¡acetanilide (4 ) and 0 .2  g of sulfide with that of ^-chloroethyl ethyl ether (fcsuifide/
diphenylurea. The acetanilide 4 was identified by ir comparison fcether =  15,000).4 Halogen atoms in a /3 relationship
with an authentic sample and by the mixture melting point test to more than one sulfur atom may undergo displace-
(mmp 185-186 )• ment with still greater facility, and, in accord with this

Reaction of Carbethoxymethylenetriphenylphosphorane (6 a) ’ . . . .  .
with Diphenylcarbodiimide.—A mixture of 0.05 mol of the ylide possibility, compounds la  and lb are described as fum-
6 a and 0.025 mol of diphenylcarbodiimide was stirred at 140- iug liquids which lose HBr spontaneously at room tem-
150° for 4 hr under nitrogen stream. The reaction mixture was perature.6
chromatographed (A120 3, benzene) to give 8.2 g (93% ) of N-
phenyliminotriphenylphosphorane (7) and 13.5 g (100%) of the g r
ylide 8a. The ir spectrum of the iminophosphorane 7 was identi- I
cal with that of the sample 2 described above. The ylide 8a was R S S R
recrystallized (MeOH) to give white crystals: mp 164.5- j 7
165.5°; ir (Nujol mull) 1720 (C = 0 ) , 1640 (C = 0 , conjugated to r j i
P = C ), 1575 cm" 1 (C -N); nmr (benzene) 5 0.58 (t, 3, J  =  7.1
Hz, CH3), 1.02 (t, 3, J  = 7.1H z, CH3), 3.85 (q, 2, CH2Me), 4.11 la ,R  = CH3

(s, 2, CH2C = N ), 4.12 (q, 2, CH2Me). b, R = CH2CH3
Anal. Calcd for C33H320 4NP: C, 73.72; H, 6.00; N, 2.61;

P, 5.76. Found: C, 73.33; H, 5.97; N, 2.69; P , 5.91. w  . , , , ., ,, .. , a  , ,
Reaction of Phenylmethylenetriphenylphosphorane (6b) with W e wish to describe the preparation of a 7-halo 

Diphenylcarbodiimide.— Sodium i-butoxide (0.05 mol) and tri- sulfide which incorporates the functional group arrange-
phenylbenzylphosphonium chloride (0.04 mol) were dissolved in ment 1 and the results of qualitative solvolysis experi-
100 ml of benzene under nitrogen stream. Diphenylcarbodi- ments with this substance (3 ). In the course of an
imide (0.02 mol in 50 ml of benzene) was added dropwise to the inyesti gation  of th e  chemistry of tetrathiaadamantanes,6
solution with stirring over a period of 4 hr at room temperature. °  , . , . ’
Stirring was continued for 3 hr. After separation of 2.1 g (91% ) the reaction of tetramethyltetrathiaadamantane 2 with
of sodium chloride, the filtrate was concentrated and chromato- bromine was examined. With a fourfold excess of
graphed (Al2Os, benzene-methanol) to give 0.7 g (10%) of N- bromine, the monobromo derivative 3 was obtained
phenyhmmotriphenylphosphorane, 6 .2  g (56%) of triph^ylphos- j n  3 3 0 ^ yield. More highly brominated products may
phine oxide, 1.4 g (33%) of diphenylurea, and 1.4 g (13%) of the , , „ , ,  , U i v - i j - j
ylide 8b. Ir  spectra of these compounds except the ylide 8b were have been formed but could not be isolated, 
identical with those of authentic samples. The ylide 8b was re- The structure of the bromide 3 is based mainly on 
crystallized (benzene-hexane) to give yellow crystals: mp 209- its nmr spectrum. The spectrum contains a six-proton
210° (lit.7 209-210°); mass spectrum (70 eV) ro/e 546 (M+ calcd singlet at 1.70 ppm and two three-proton singlets at

54Anal. Calcd for C39H32NP: C, 85.84; H, 5.91; N, 2.57; L 5 S  afnd L 73 , PPm  establishing the presence of one
P, 5.68. Found: C, 86.11; H, 61.5; N, 2.41; P, 5.51. pair of equivalent methyl groups and one pair of non-

Reaction of Methylenetriphenylphosphorane (11) with Di- equivalent methyl groups. (For comparison, the
phenylcarbodiimide.—Sodium hydride (0 .0 2  mol) and methylene- CH3 signals in 2 appear at 1.65 ppm.) The methylene
triphenylphosphonium bromide (0.02 mol) were dissolved in 140 protons appear as a singlet at 2.21 ppm and the proton
ml of dimethyl sulfoxide.8 Diphenylcarbodiimide (0.02 mol) was ^ ,,  u i n - i .
added dropwise to the solution with stirring; color of the solution on the brominated carbon atom appears as a singlet
changed from yellowish green to deep red. The reaction mixture 4.79 ppm. The substance can be recrystallized irom
was allowed to stand for 2  days. The reaction mixture was alcohols without serious decomposition. This mod-
poured into 200  ml of ice water and extracted with ethyl ether. erate stability is rather surprising since the trans-
The ethereal extract was washed (water) dried (CaSO<), con- COplanar stereoelectronic requirement for sulfur-assisted
centrated, and chromatographed (A120 3, benzene-methanol) to . K . , . . „ ^ . . . ,  , -
give 3.3 g (81%) of N,N'-diphenylacetamidine (mp 134-135°) ionization is already satisfied in this rigid system.
and 5.4 g (97%) of triphenylphosphine oxide. _ These compounds {1) Researeh supported by the  N a tio n a l Science Foundation  (G P-10950).
were identified by ir spectra and mixture melting point test with (2) Reviewed by E- E Reid> "O rgan ic  C hem istry  o f B iva le n t S u lfu r,”
authentic samples. 9 Chem ical Publish ing Co., In c ., N ew  Y o rk , N . Y „  1960, Vol. I I ,  C hapter 5.

(3) F o r reviews see K . D . Gunderm an, A n g e w . C h e m . I n t .  E d .  E n g l . ,  

2, 674 (1963); B . Capon, Q u a rt.  R e v . (London), 18, 45 (1964); A . S tre it-
Registry No.—2f 2325-27-1J 83.} 24375-91-5 \ 8bj wieser, “ S o lvo ly tis  D isplacem ent Reactions,”  M c G ra w -H ill B ook Co.,

14630-48-9; diphenylcarbodiimide, 622-16-2. Inc-> N ew  Y o rk , n. y ., 1962, p ios.
(4) H . Bohme and K . Sell, C h em . B e r .,  81, 123 (1948).
(5) E . R othste in  and R . W h ite ley, J .  C h e m . S o c ., 4012 (1953).

(6) D . B . Denney and S. T . Ross, J .  O rg . C h e m ., 2T, 998 (1962). (6) D . L . Coffen, P. E . G arre tt, and D . R , W illiam s, C h em . C o m m ., 652
(7) R . Huisgen and J. W u lff, T e tra h e d ro n  L e t t . ,  917 (1967). (1968) ; K . C. B ank and D . L . Coffen, ib id . ,  8  (1969).
(8) J. Asunskis and H . Scheehter, / .  O rg . C h e m ., 3S, 1164 (1968). (7) C f.  S. J. C ris to l and R . P. A rganbrigh t, / .  A m e r .  C h e m . S oc., 79, 3441
(9) M . Sen and J. N . R ay, J .  C hem . S oc., 646 (1926). (1957).
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When a solution of bromide 3 in glacial acetic acid intermediates.” 8 Since the 2-adamantyl cation does
buffered with sodium acetate is heated under reflux not undergo a similar rearrangement,9 the sulfur atoms
for 2 hr, the bromide is completely transformed into and not the ring system clearly provide the incentive
a new substance whose ir spectrum establishes at once for compound 3 to rearrange,
that it is not an acetate but an olefin (rmax 1600 cm-1).
Structure 5 is assigned to this olefin on the basis of

Br SEt
_,-SEt —HBr dss.

1 ------*  -^^CH SEt
\  .. SEt 7

\l ? /  ^J j  cci, Methanolysis of bromide 3 (22 hr at reflux) gave
/  olefin 5 and an unstable by-product assumed to arise

2 from the trapping of cation 4 by methanol. The for
mation of this by-product was evident from tic but it

B k . B r  changed to olefin 5 during attempts at isolation and
V purification. Similarly, hydrolysis in aqueous dioxane
V j  I gave, in addition to olefin 5, an unstable by-product

S " "  ^ " " 3  presumed to be an alcohol formed in the reaction of

n  -  I S ' - Experimental Section10

2  9-Bromo-l,3,5,7-tetramethyl-2,4,6,8-tetrathiaadamantaEe (3).
—Bromine (11.0 g, 68 mmol)11 was added dropwide during 1 

S hr to a boiling solution of l,3,5,7-tetramethyl-2,4,6,8-tetrathia-

É \ adamantane12 (4.0 g, 16 mmol) in carbon tetrachloride (250 ml).
. A 'C . After a total of 3 hr at reflux, the solution was filtered, washed

S  ^ s -  ' ' - j  with aqueous sodium bicarbonate, dried, and evaporated. The
i / _h+ residue was triturated with a small amount of ether and chilled,

rv . =  \ ® and the crystalline product was filtered out and washed with cold
I \ / ether. The filtrate contains more bromide (tic) but, on standing,

\ / hydrogen bromide was evolved and a tarry precipitate formed.
4 g -------------- 1/ The crude bromide (1.75 g, 33.6% ) was recrystallized from

'  chloroform-isopropyl alcohol giving colorless crystals (70% re-
q covery) with mp 182-4° dec; ir (Nujol) 1400, 1175, 1095, 1065,

. 1030, 945, 775, and 677 cm -1; nmr (CDC13) 1.58 (3 H, s), 1.70
I V '  (6 H, s), 1.73 (3 H, s), 2.21 (2 H, s), and 4.79 ppm (1 H, s);

__mass spectrum m /e  344 and 342 (M+ peaks), 263 (ion 4), 139, 131
\  J L  / (100%), and 59.13

\ — / Anal. Calcd for CioH15BrS4: 0 ,3 4 .9 8 ; H, 4.40; Br, 23.27;
\ S, 37.35. Found: C, 35.18; H, 4.52; Br, 23.09; S, 37.17.
\ I Acetolysis of Bromide 3.—A solution of bromide 3 (50 mg) and
\j ( sodium acetate (50 mg) in acetic acid (10 ml) was heated under

“ \  reflux for 2.5 hr. The acetic acid was evaporated from the cooled
5 solution and the residue was partitioned between methylene chlo

ride and aqueous sodium carbonate. The dried methylene chlo
ride layer left 38 mg (100%) of colorless oil after evaporation 
which, by tic, contained only one substance. Crystallization 

its nmr spectrum. The spectrum contains three three- from methan°l gave colorless crystals with mp 59-61 °; ir (Nujol)
proton singlets at 1.70, 1.82, and 1.98 ppm indicating n w ’ (<rDCla]f, . ,.6  1.70 (3 H, s), 1.82 (3 H. s), 1.98 (3 H, s), 2.o8 (2 H, AB, / =  14
t h r e e  n o n e q u i v a l e n t  m e t h y l  g r o u p s .  T h e  e n d o c y c l i c  cps)> 4 .63 (1 H, s), 5.12 (l H, s), and 5.31 (1 H, s); mass spec-
methylene protons appear as an AB quartet at 2.58 trum m /e 262 (M+), 131, and 59 (100%).
ppm ( J ab =  14 cps) whence they are no longer equiv- Anal. Calcd for Ci0Hi4S4: C, 45.76; H, 5.38; S, 48.86.
alent. A one-proton singlet at 4.63 ppm is assigned Found: C, 45.83; H, 5.52; S, 48.89.
to the methine proton and two one-proton singlets at
5.12 and 5.31 ppm are assigned to the exocyclic methy- R e „ i t i t r v  Nn 9 4 q7 o 10 7 . « 9 4 o7 o 11 o 
lene protons. Neither geminal nor allylic coupling is Registry No. 3,24378-10-7, 5,24378-11-8.
evident for these last three protons.

The rearrangement to tricyclic structure 5 is ration- (8) W. E. Parham, J. Heberling, and H. Wynberg, J .  Amer. Chem. Soc.,
alized in terms of sulfur assisted ionization of the car- 77>1169 (1955>-
bon-bromine bond, a 1,2-sulfur shift leading to the Schieyerandr. D Nichoias,i b i d . ,83, 1 8 2  (moi).

. . . .  a’ i ; i i ® (10) Melting points are uncorrected. Ir, nmr, and mass spectra were re-
catiomc intermediate 4, and subsequent loss of a corded on Perkin-EImer 137, Varian A-60A, and Atlas CH-7 instruments re-
proton from the adjacent methyl group giving the spectively. Elemental analyses were carried out by Galbraith Laboratories,

olefin 5. Rothstein proposed a similar pathway for In ( i p  “r n l ^ T m i n e  the product contains starting material,
the rearrangement of bromide 6  resulting in olefin 7 . 6 (1 2 ) k . oisson and s-o Aimquist, Ark. Kemi, 2 1 , 5 7 1  (190 7).
It has been suggested, however, that such rearrange- (13) The electron-imPa°t  fragmentation reactions of tetrathiaadaman-

, , ,  . , .  tanes are discussed by K . Oisson, ib id . ,  26, 435 (1967), and K . Oisson and
m e n t s  a r e  b e s t  e x p l a i n e d  b y  a s s u m i n g  c y c l i c  s u l f o m u m  s - o  Aimquist, ref 1 2 .
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The Alkylation of Amine Sulfides1 arrangement of the methylene protons in morpholine
sulfide would disappear. Furthermore, the nmr spec- 

J ack L. R ichahds and D. S. T arbell trum of 2 showed a sharp triplet at 1.39 ppm, due to the
CH3 protons of the ethyl group; portions of the expected 

Department of Chemistry, Vanderbilt University, quartet for the CH2 protons of the ethyl attached
Nashville, Tennessee 37203 to suifur were distinguishable at the base of the mor-
D . , _ . , pholine proton absorption. The integration of the
Received December A, 1969 nmr spectrum agreed completely with structure 2.

It has been shown that trialkyloxonium salts alkyl- Treatment of the sulfonium salt 2 with n-butyllith- 
ate several types of organic sulfur compounds,2 and iunb with later addition of benzophenone, yielded 37%  
that treatment of dithiocarbamates with trialkyloxo- the sulfenamide S (which was identified by synthe- 
nium salts or with less reactive alkylating agents yields S1S)> with 90%  recovery of the benzophenone. The
the S-alkylated symmetrical products3 instead of other sulfenamide was probably formed by abstraction of an
possible unsymmetrical structures. a  proton from the morpholino methylene group, to

This note demonstrates a successful alkylation of an g've 4 which then formed the sulfenamide 5 and the
amine sulfide 1 by triethyloxonium fluoroborate to morpholine derivative 6 or products derived from 6.
give the novel resonance-stabilized sulfonium salt 2. No evidence was obtained for the formation of the
Numerous other alkylation reactions on amine sul- ylide3.
fides with a variety of alkylating agents did not lead Of the many other alkylation processes tried on sev- 
to isolatable products analogous to 2. eral amine sulfides, treatment of 1 with methyl iodide

was the only one giving an identifiable product; a 
/  \ / — \ (CHCH)0+BF- violet solid, N,N-dimethylmorpholinium triiodide 7 was

O ^ N - S - N ^ O  ' chci * obtained, as well as a small amount of N,N-dimethyl-
j C 22  morpholinium iodide. The formation of the triiodide

may be explained by a scheme analogous to that worked 
0'  g j./  v0  Bp -  out by Heimer and Field4 for the action of methyl io-

\__/  | \__ /  4 dide on sulfenamides.
CH2

CH3 I3-
2 N----'

(  r ~ \  \ 7
(0  N) S=CHCH3
\ ' — ' J  2 Experimental Section6

2 +  tt-CHaLi Alkylation of Morpholine Sulfide with Triethyloxonium
3 Fluoroborate to Yield 2 .—Morpholine sulfide6 (2.37 g) and

"*■ I" ”| triethyloxonium fluoroborate7 (2 .2 0  g) were refluxed for 1 .5  hr in
y—  ̂ + “/— \ methylene chloride. The dark red solution was cooled, 25 ml of

0  N— S —N 0  anhydrous ether was added dropwise with stirring, and the
\ _ V  | \ _ 7  ether was decanted from the red oil which separated. After

CH2 two similar treatments with 10 ml of ether, the partially solidified
| oil was dissolved in 15 ml of hot methanol, and the solution was

CH3 cooled in a refrigerator. The resulting tan ethyldimorpholino-
J  sulfonium fluoroborate (2 ) was collected and washed with 5 ml of 

s  4  cold methanol; it melted at 171.5-172.5° (dec) and weighed 1.22
/— \ f ,— \ *  g (32%). The nmr spectrum, taken in D20  with 1 % of DDS

O NSCH2CH3 +  N4 0  (sodium 2,2-dimethyl-2-silapentane-5-sulfonate) has been dis-
v _ y  cussed above. An analytical sample of 2 , mp 181-182°, was

5 6 prepared by repeated recrystallizations from anhydrous methanol
followed by drying at 56° (0.5 mm).

rpi . . Anal. Calcd for Ci0H2iBF<N2O2S: C, 37.51; H, 6.61; S,
The Structure of 2 (obtained m 30-40%  yield) was 10.02. Found: C .36.99; 38.20; H, 6.79, 6.56; S, 10.28.

assigned on the basis of the elementary analysis and In other runs, the methylene chloride solution and the ether
the very characteristic nmr spectrum; the latter showed washes from 2 were shown to contain a mixture of morpholine
the characteristic sharp complex triplets of the methyl- sulfide 1 and the corresponding disulfide, by nmr studies, by

_i i  r  • i -  i i elemental sulfur analysis, and by isolation of crystalline disulfideene protons of the morpholine rings, which were shown in one cage> mp 122_^ 4o'; the rep0rledf, value is i 2^ 125“.
by morpholine sulfide itself. The methylene triplets The OCH2 protons of the disulfide and monosulfide were 
at 3.80 and 3.52 ppm were present in a 1 :1  ratio, as in coincident from 3.50 to 3.80. The NCH2 protons of the sulfide
morpholine sulfide. This rules out structures for the were from to 3-38 with the same protons in the disulfide
alkylation product in which the ethyl group is on nitro- flj0m, 2'70i°  T1fs e  values were shown by the mixture and

gen or oxygen of th e  m orpholine rings, becau se such Formation of the Sulfenamide 5 by Butyllithium and the 
onium  com pounds would show a sh ift to  low er field o f Sulfonium Salt 2.—A slurry of 1.00 g (0.0031 mol) of 2 in 100
two pairs of m ethylen e protons, and th e  sym m etrica l ml of tetrahydrofuran (predistilled from lithium aluminum

(1) A ided b y  G ra n t 2 2 5 2 -C  from  th e  Petroleum  Research Fund of th e  (4) N , H eim er and L . Field, J .  O rg , C h e m ., in  press.
Am erican Chem ical Society. (5) M icroanalyses were b y  G a lb ra ith  Laboratories; i r  spectra were taken

(2) C f. G. K . H elm kam p, H . N . Cassey, B . A. Olsen, and D . J. P e t t i t t ,  on a Beckman IR -1 0  spectrometer and n m r spectra on a V arian  A-60.
J .  O rg . C h e m ., 30, 933 (1965). D . J. P e tt i t t  and G. K . H elm kam p, i b id . ,  T M S  was used as an in te rn a l standard unless otherwise specified, and chemi-
28, 2932 (1963); 29, 2702 (1964). cal sh ifts  are reported in  parts per m illio n .

(3) J. L . R ichards, D . S. Ta rbell, and E . H . Hoffm eister, T e tra h e d ro n , (6 ) E . S. Blake, J .  A m e r .  C h e m . S o c ., 65, 1267 (1943).
24, 6485 (1968). (7) H . Meerwein, O rg . S y n .,  46, 113 (1966).
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hydride) in a nitrogen atmosphere was stirred in an ice bath. 3.22 to 3.57 (NCH2) with a singlet at 3.18. The integration was
To this, a solution of 1.4 ml of a 22%  n-butyllithium-hexane 4 :4 :6  respectively. The elemental analysis was correct for
mixture (0.0031 mol of ra-butyllithium) in 15 ml of tetrahydro- N,N-dimethylmorpholinium triiodide.
furan was added dropwise. The colorless slurry turned yellow Anal. Calcd for C6Hi4l sNO: C, 14.50; H, 2.84; I ,  76.62;
and, after 0.15 hr, the reaction was warmed and heated at reflux N, 2.82. Found: C, 14.52; H, 2.86; I ,  76.60; N, 2.83. 
for 0.15 hr. The reaction was cooled, a solution of 0.547 g Evaporation of the red filtrate from the first recrystallization.
(0.003 mol) of benzophenone in 15 ml of tetrahydrofuran was gave 0.65 g of pale violet solid, mp 188-205°, which, after crys-
added dropwise, and, after the mixture stirred for 1 hr at room tallization from 2 ml of hot methanol, yielded a small amount of
temperature, 700 ml of water was added, which precipitated a the violet triiodide. Further concentration of the filtrate gave a 
solid. Extraction with two portions of ether yielded 0.96 g of a small amount of white crystals, mp 245.5-247° dec; the melting
mixture of a liquid and an oily solid. The nmr spectrum in point and nmr spectrum of the crude solid indicated that it was
chloroform indicated that the mixture consisted of benzophenone N,N-dimethylmorpholir_ium iodide, reported9 to melt at 246°. 
and morpholine or derivative thereof.

A short-path vacuum distillation of 0.70 g of the mixture gave Registry No.' 2, 24407-43-0; 5, 24378-12-9; 7,
0.48 g of distillate (the distillation was not continued to dryness), 24378-13-0. 
collected at 0.50 mm (pot temperature 100-140°). Tic of the
distillate showed only one spot— a streak, Ri 0 .55-0.75. A L . K n o rr, A n n .,SOI, 1  (1898).

sample of reactant benzophenone showed a similar Rt value and
the ir spectrum of the distillate (liquid film) showed a strong band ... ...........
at. 1660 cm-1, which is characteristic of benzophenone.8 The
nmr spectrum of the distillate showed a triplet at 1.22, a quartet T r ip h a s ia x a n th in , a  New C a r o te n o n e 1
at 2.73 and overlapping into the NCH2 absorption of morpholine
centered at 2.95, the OCH2 absorption at 3.65, and aromatic H e n r y  Y o k o y a m a  a n d  H e n r y  C. G u e r r e r o

protons from 7.24 to 7.92. The integration was 19 (triplet):
36 (total of quartet and NCH2): 24:158. These data suggested „ . , Tr . ,  T .
that the distillate was a mixture of benzophenone and either N- Frmt and Vegetable Chemistry Laboratory*
ethylmorpholine or the sulfenamide 5 [N-(ethylthio)morpholine]. Rasarle.no,, California

Ypc of the distillate (10 ft X 1A in. 10% SE-30 on 80-100S, 
column temperature 180°, flow rate 24 ml of He/min) showed H e in z  B o e t t g e r

seven peaks, with those at 4.3 and 27 min accounting for 95% of
the material. The 4.3-min peak corresponded with the retention Je f Propulsion Laboratory, California Institute o f Technology,
time of an authentic sample of the sulfenamide 5 (prepared as Pasadena California
below), and coinjection enhanced this peak without showing 
additional peaks. Furthermore, the chemical shifts observed
for the ethyl and morpholine protons in the mixture were identical Received August IS, 1969
with those for the sulfenamide 5. The broad peak at 27 min was
identical in shape and retention time with that obtained from Semi-/3-carotenone (1) occurs as the principal carot- 
injection of an acetone solution of benzophenone. An injection enoid constituent in the fruit of the Citrus relative 
ot the benzophenone solution and the mixture increased the
27-min peak with the only additional peak observed due to q
acetone at 1 min. f | j-

Based on the nmr integrations, the minimum yields were
36%  sulfenamide and 90%  recovery of benzophenone. I | II

N-(Ethylthio)morpholine. The Sulfenamide 5.— Chlorine . ®
(0.5 ml, 0.11 mol, trapped in a Dry Ice-acetone bath) was
allowed to evaporate and the vapors were passed over a stirred 1, R = f  T
solution of 12.3 ml (0.1 mol) of ethyl disulfide (Aldrich) in 50 ml ’
of petroleum ether at —20°. The reaction was stirred for an \ /
additional 0.25 hr after complete evaporation of the chlorine. AA. , ,
The yellow solution was added in portions to a stirred solution of 2, R = f3 |®
53 ml (0.6 mol) of morpholine in 200 ml of petroleum ether in an 
ice bath. The white slurry that resulted was extracted with
three portions of water to remove morpholine hydrochloride. Triphasia trifoliaA  A new, more polar carotenone, 
lhe  petroleum ether solution was dried and concentrated. . . 7
Distillation of the residue gave 20.75 g (72%) of colorless sul- triphasiaxanthin, was isolated.
fenamide, bp 76-77° (14 mm). Its nmr spectrum showed a The visible absorption spectrum of triphasiaxanthin 
triplet at 1.22 (3 H) and a quartet centered at 2.72 (SCH2) which was very similar to that of the semi-/3-carotenone. Its
overlapped into a complex triplet at 2.93 for the NCH2 (total of infrared spectrum indicated the presence of two car-
6 H) and with the OCH2 at 3.62 integrating for 4: H. u i x —1 j  • x i

Anal. Calcd for C6HlsNOS: C, 48.94; H, 8.90. Found: bonyl groups: saturated, 1715 cm ; and conjugated,
C, 48.69; H, 8.63. 1660 cm-1. Reduction with L1AIH4 caused a hypso-

N,N-Dimethylmorpholinium Triiodide (7) from Sulfide and chromic shift (ca. 25 nm) in the visible absorption
Methyl Iodide. A solution of 2.50 g (0.012 mol) of morpholine maxima. Taken together these evidences indicated a
sulfide and excess methyl iodide (7.5 ml, 0 12 mol) in 15 ml of decaenone chromophore in the isolated pigment,
methylene chloride was stirred for 16 hr at room temperature. „ .  . „ , ‘ . , . .. .
The resulting solid was collected and washed with 15 ml of cold infrared spectrum also indicated the presence
methylene chloride; the product was 2.00 g of dark violet solid, of a secondary hydroxyl group (3450 and 1025 cm -1),
mp 118-122° dec. The nmr spectrum of the crude product (in Tic4 tests indicated the facile quantitative formation
acetonitrile) showed only the absorptions expected for N,N-di- 0f the trimethylsilyl derivative on silylation of the
methylmorpholmium iodide. Recrystallization of the product „  , A  n r  • j
from 25 ml of methanol gave 0.841 g of violet solid, mP 118-119°. new carotenone. On allylic oxidation with nickel per-
Repeated recrystallizations from methanol gave a violet solid, oxide6 or on treatment with acid chloroform, no
mp 125-126° (apparently with decomposition). Although the bathochromic shift in  the visible absorption maxima 
solid had the same melting point as morpholine sulfide, its color,
the depression of a mixture melting point, and its nmr spectrum (1) P a rt x  in  the  series C itru s  Carotenoids.
showed it to be a different compound. The nmr spectrum (in (2) A  la bora tory  o f the  W estern U tiliz a tio n  Research and D evelopm ent
acetonitrile, TM S as reference) showed the characteristic complex D iv is ion , A g ricu ltu ra l Research Service, U . s. D epartm en t o f A g ricu ltu re , 
triplets of the morpholine ring from 3.70 to 4.10 (OCH2) and ®  Yokoyam a and M , J. W hite , P h y to c h e m is try ,  7, 1031 (1968).
______________  '  (4) A . M cC orm ick  and S. L . Jensen, A c ta  C h em . S c a n d ., 20, 1989 (1966).

(5) K . Nakagawa, R . Konaka, and T . N akata , J .  O rg . C h e m ., 27, 1597 
(8 ) H . W . Thom pson and P. T ork ing ton , J .  C h e m . S o c ., 640 (1945). (1962).
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T a b l e  I

C h a r a c t e r is t ic  F r a g m e n t s  f r o m  H i g h  R e s o l u t io n  M a s s  S p e c t r u m  o f  T r i p h a s i a x a n t h i n

-----------------»l/e-------------------.
In te n s ity  Measured Calcd Form u la  Remarks

15.78 584.4221 584.4215 CioHmOs Mol-ion (molecular ion)
4.48 582.4066 582.4059 C^H^Os Mol-ion -  H2

5.10 566.4150 566.4110 C«HhOs Mol-ion -  H20
5.47 564.4017 564.3967 C40H62O2 (M+ -  H2) -  H20
1.42 492.3586 492.3591 C33H480 3 Mol-ion -  C7H8 (toluene)

16.53 478,3396 478.3435 C32H460 3 Mol-ion -  C8H10 (xylene)
1.05 474.3481 474.3486 C33H4602 Mol-ion — C7HioO (toluene +  water)
4.04 470.3210 470.3174 C33H420 2 Mol-ion — C7Hi40  (loss of terminal

carbonyl and rearrangement)
1.45 460.3337 460.3330 C32H440 2 Mol-ion — CsHi20  (xylene +  water)
0.55 445.3084 445.3096 C3iH420 2 Mol-ion — cleavage at C-6  with loss

of OH
1.32 428.3045 428.3069 C3iH40Oi Mol-ion — cleavage at C-6  with loss of

two carbonyl groups

of triphasiaxanthin was observed, indicating that the The second impurity has an apparent molecular ion 
hydroxy group is not in the allylic position. at 568.4334 corresponding to C4oH660 2 (568.4280) and a

The nmr spectrum of triphasiaxanthin contained parent less water at 550.4129 (C40H54O =  550.4161).
ten C-methyl resonances. In addition to a methyl The identity of these two substances is under investiga-
ketone methyl at r 7.89 (C-5', 3 H), the nmr spectrum tion and will be reported later,
revealed four in-chain olefinic methyls at r  8.00 (C-9,
C-13, C-9', and C-13', 12 H) and two geminal methyls Experimental Section
at t 8.82 (C -l', 6 H). These values are to be com
pared with similar values (r 7.89, 8.00, and 8.82) data f ere obtained at 100 MHz and refer to deuterio-

recorded for semi-/?-carotenone. T h e  nm r properties to intemal tetramethylsilane. The high resolution mass spectra
of trip h asiaxan th in  ind icated  th e  presence of th e/ ?- were obtained on an AEI Type MS 902 mass spectrometer. All
cyclogeranylidene ring end group. A s in  th e  /3-ring peaks were measured with an average error of less than 5 ppm
end group of re ticu la tax an th in , 6 tw o gem inal m eth y l at a resolving power of 1/10,000. No data with an error >10
groups are equivalent at r  8.92 (C-l, 6 H), and a ^ere af P ted- SamPles introduced by means of a
s . 1 H. rrt Via mr, 7 u heatable probe9 at temperatures ranging from 159 to 200 .
Single methyl IS at r  8.2b  (C-5, o 41). in e  nyuroxy P FK  was used as a reference compound for mass measurement,
group appears to be located at C-3 in the /3-ring end The fruit collection was made in Feb 1968, by Mr. N. Almeyda
group. This is indicated by the close agreement at the Federal Experiment Station of the U. S. Department of
in values of the C-methyl resonances of the three Agriculture, Mayaguez, Puerto Rico

methyl groups m the fi rings of triphasiaxanthin and extracted from tlfe fruits (400  g) in the manner described pre-
reticulaxanthin. The two geminal methyl groups at viously. 3 The carotenoid mixture was phase-partitioned between
C-l are equivalent at r  8.92, as is common for 3-hy- petroleum ether-98 % methanol. The hypophase was submitted
droxy ¡3 rings, but might not be equivalent with the to column chromatography on Microcel C, using 15% acetone
hydroxy group in the 2 or 4 (allylic) positron More-
over, with the hydroxy group m the 4  position, the g mg. mp 9 5 - 9 7 ° (evacuated capillary, uncorrected); Amax
signal of the C-5 methyl group would be expected (CHC1,) 480 nm (e X  1 0 ~ 3 96.6), 510 (84.9); xma* (»-hexane)
to be downheld from the observed value.7 440, 467, 495 nm; ir v (KBr pellet) 3450, 1715, 1660, 1025 cm-1;

O n th e  basis of evidence cited  above, trip h asiaxan - nmr signals19 at 7.89 (s, 3 H), 8.00 (s, 1 2  H), 8.26 (s, 3 H), 8.82
,, . , , , , , 0  (s, 6 H), and 8.92 (s, 6  H).
thin has been assigned structure 2. . . .  . .  Reduction of Triphasiaxanthin.—Reduction of triphasiaxanthin

The mass spectrum (Table I) of triphasiaxanthin (0.5 mg) with LiAlH4 in dry ether afforded the reduced product:
(C 40H 56O 3 =  584.4215) is in good accord with struc- Ama% (n-hexane), 420, 442, 471 nm.
ture 2 The presence of a single hydroxyl group in  ™ s  Derivative of Triphasiaxanthin.—Treatment of the iso- 
the ring is indicated by the loss of only one molecule
of water and the loss ot the ring (CsxiuU). The mjn resuited in the quantitative formation of triphasiaxanthin
loss of C9H16O2 is in good agreement with the proposed trimethyl silylether as judged by tic.
structure at the acyclic end of the molecule. As ex- Attempted Oxidation of Triphasiaxanthin—Triphasiaxanthin
p ected , 8 th e  ch aracteristic  ions representing th e  loss (2 mg) in 5 ml benzene was treated with NiO2 (30 ing, available 

~ TT „ j. j  xi _ oxygen 4.1 X 10“ 3 g-atom/g of N1O2 determined by titration)
of C 7H 8 and C 8H io fro m  b o th  th e  p aren t an  for 60 min. 4 No bathochromic shift in its visible absorption
p aren t m inus w ater are  found. maxima was observed.

In addition to the ions belonging to triphasiaxan- Attempted Dehydration of Triphasiaxanthin.—Triphasiaxan
thin, ions from at least two impurities were discovered thin (1 mg) in 5 ml of CHC13 was treated with 4 drops of chloro-
in one of the samples. The first of these has a peak reagent and allowed to stand at room temperature

u m i 1 .. n  .  /mn 4 091) for 10 min. The mixture was then washed with sodium bicarbon-
of ni/c  600.4338 corresponding to C44ll56U (600.4331). a4e soiution and water and dried over anhydrous Na2S04.

The visible spectrum remained unchanged.
(6) H . Yokoyam a, M . J. W h ite , and C. E . Vandercook, J .  O rg . C h e m .,

(7) B . C. L . Weedon, “ C hem istry  and B iochem istry  o f P la n t P igm ents,”  Registry No. 2, 23939-69-7.
T . W . Goodwin, Ed., Academ ic Press In c ., N ew  Y o rk , N . Y ., p 94.

(8 ) U . Schwieter, H . R . Bolliger, L . H . C hopard-D it-Jean, G. Eng le rt, (9) H . G. Boettger and A . M . K e lly , 17th A nnua l Conference on Mass
M . Kofle r, A . P lanta, R . Ruegg, W . V e tte r, and O. Is ler, C h im ia ,  19, 294 Spectrom etry and A llie d  Topics, Dallas, Texas, M a y  1969.
( 1 9 0 5 ), ’ (10) C -M ethy ls  only.

Notes J .  Org. Chem ., Vol. 35 , No. 6 , 1970 2081



Acknowledgments.— The authors are indebted to Dr. starting material for the synthesis of long-chain 1,3-
Robert Lundin for the nmr spectra and to Dr. H. diglycerides, i.e., glycerol 1,3-dipalmitate and -dioleate
M. Gaskins, Officer-in-Charge, and Mr. N. Almeyda since it is readily aeylated with a fatty acid chloride in
of the Federal Experiment Station for the fruit collec- the presence of pyridine in high yield and the central
tions. keto group rapidly reduced by borohydride in tetrahy-

_______________  drofuran solution at 5° to give the 1,3-diglyceride
without detectable amounts, by thin layer chromatog- 

An Efficient Synthesis of Sym m etrical raphy, of the 1,2-diglycerides. Synthesis of short-
. . . ,  j chain diglycerides is also possible by this method, but

1,3-DigJycerj es results are less satisfactory. In a typical experiment
_ glycerol 1,3-diacetate was obtained in over 80%  yield

P. . e n t l e y  a n d  . c r a e  but wben examined by nmr was shown to contain
r . ,,, . ,  approximately 10% 1 ,2 isomer.Institute o f Organic Chemistry,

Syntex Research, Palo Alto, California 94804
Experimental Section8

Received November 26, 1969 __  , „ ,1,3-Dihydroxypropan-2-one 1,3-Diacetate.—Dihydroxy ace
tone (15.0 g) was dissolved in pyridine (50 ml) and acetic 

The symmetrical 1,3-diglycerides have been obtained anhydride (50 ml). After l hr at 20°, the solvents were removed
by a variety of procedures, most of which involve as completely as possible by vacuum distillation. The residue,
protecting groups requiring chemical or catalytic dissolved in ethyl acetate, was washed with water, 3%  aqueous
cleavage.3 S y k e s e s  of the ^sym m etrical 1.2-diglyc- * .  S "
erides also require the use of protective groupings 81% ) aslong colorless needles, mp 46-47° (lit.9 mp 46-47°).
which must be removed under very mild conditions in 1,2,3-Trihydroxypropane 1,3-Diacetate.—The above diacetate
order to prevent acyl migration from the C-2 to the (10.0 g) was dissolved in tetrahydrofuran (150 ml), and water
terminal positions. Hydrogenolysis overcomes this (1° “ b  and treated portionwise at 5 with neutral sodium

, , i , t  •, ,i x x I t  i ,  • r x borohydride (2 g).10 After 30 mm excess borohydride wasproblem but limits the route to the synthesis of satu- dest4 ed by r̂o; 4 ise additon of glacial acetic acid (1 ml)> and
rated diglycerides. the solution was diluted with chloroform, washed with water,

Recently, Windholz and coworkers4 described the aqueous sodium bicarbonate, and water, and dried over magne-
use of /3,/3,/?-trichloroethoxycarbonyl chloride as a shim sulfate. Evaporation gave the diacetate as a colorless
generally applicable protecting group for hydroxyl and 0l1 (9 v[0 s). bP DO (12 mm) [lit.11 bp 149 (12 mm)]. The
& . c , x i xi /  j  nmr, however, showed a peak at 5 3.75 (CDC13 solution, un-
ammo functions. The carbonates and urethans iormed esterified -CH 2OH) indicating the presence of up to 10% 1,2 
are stable under a variety of oxidation and reduction isomer.
conditions but are easily removed by treatment with l,3-Dihydroxypropan-2-one 1,3-Dioleate.— Dihydroxy acetone
zinc dust in acetic acid or methanol. I3-0 S) was stirred under nitrogen in chloroform (150 ml). To

This reagent has been utilised by Pfeiffer3 in the “
synthesis of 1,2-diglycendes thus avoiding many of the After 30_min stirring at room temperature the reaction mixture
drawbacks of the earlier methods. There is as yet, became homogeneous and 1 hr later no trace of acid chloride
however, no satisfactory synthetic approach to the could be detected. The bulk of the solvent was removed under
synthesis of the symmetrical 1,3-diglycerides, particu- vacuum. The residue was shaken with water and ethyl acetate
, , xi -xi x x j  -j  i • and the organic layer separated. I  he aqueous layer was again
larly those with unsaturated side chains. shaken wi1| ethyl ¿ etate and the combined extracts were washed

Rearrangement of the l-iodo-2,3-diglycende by with water, dried over sodium sulfate, and evaporated. The
refluxing with silver nitrite in 80%  aqueous alcohol,6 a resulting final oil was recrystallized from methanol to give
convenient procedure for the synthesis of saturated l,3-dihydroxypropan-2-one 1,3-dioleate (15.8 g, 76%) as
I , 3-diglycerides, proved unsatisfactory in our hands for small p la te , mp 43-44 .

J  , - x  Anal. Calcd for C3gH7o06: C, 75.80; H, 11.4. Found:
th e  corresponding u n saturated  com pounds owing to  C 75.85- H 11.04.
silver catalyzed isomerization of the olefinic center. ’ 1,2,3-Trihydroxypropane 1,3-Dioleate—The dioleate (10 g)
T h e  ca ta ly tic  p a rt p layed  b y  th e  silver in  th is rearran ge- was dissolved in tetrahydrofuran (150 ml) and water (10 ml).
ment was established by treating pure oleic acid with 'll16 heterogeneous solution was chilled to 5° and sodium boro-
silver n itr ite  under th e  nrescrihed exnerim ental condi- hydride10 (1.0 g) added m small portions. After reaction andsilver n itr ite  under th e .p rescrib ed  experim ental condi work_up as described above, an oil (9.0 g, 89% ) was obtained
tions, viz., reflux m  8 0 %  aqueous alcohol for 2 3 hr which partially crystallized to give 1,2,3-trihydroxypropane
this produced a mixture containing 32%  elaidic acid. 1,3-dioleate as needles, mp 20-22° (lit.3 mp 25°). No trace of

Use of dihydroxyacetone as a starting material has the 1,2 isomer was detected by thin layer chromatography 
been examined by Barry and Craig,7 but the synthetic [tic system hexane-ethyl acetate (6:1 )b _ 
sequence used was elaborate, requiring the protection acetone (7 0 g) was stirred in chloroform (300 mi) under nitrogen
of the carbonyl group as a mercaptal, and no further at room temperature. To this was added palymitoyl chloride
work has appeared in the literature since that time. (44 g) followed by anhydrous pyridine (15 ml). The heteroge-
We have found that dihydroxyacetone is an ideal neous mixture was stirred for 3 hr and diluted with water and the

chloroform layer separated. The aqueous layer was extracted
( 1 ) C o n tr ib u tio n  N o . 371 iro m  th e  In s titu te  of Organic C hem istry, Syn- ------------------------

tex Research. F o r N o. 370, see H . Carpio, P. Crabb6 , and W . Rooks, J .  M e d .  (8 ) M e ltin g  points were determined on a Fisher-Johns apparatus and are
C h e m ., in  press. uncorrected. B o ilin g  points are uncorrected. M ieroanalyses were per-

(2) Syntex Postdoctoral Fellow , 1967-1968. form ed in  th e  M ic ro a n a ly tica l L abora to ry  o f D r. A . B e rnhard t, M a x  P lanck
(3) L . H artm an ; C h em . R e v., 68, 845 (1958). In s titu te , W est Germ any.
(4) T . B. W indholz and D . B . R . Johnston, T e tra h e d ro n  L e t t . ,  2555 (1967). (9) “ H eilb ron ’s D ic tio n a ry  o f Organic Com pounds,”  V o l. 2, O xford U n i-
(5) (a) F . R . P fe iffe r et a l. ,  ib id . ,  3549 (1968); (b) F . R . P fe iffe r et a l. ,  ve rs ity  Press, O xford, England, 1965, p 1046.

J .  O rg . C h e m ., 34, 2795 (1969). (10) The sodium borohydride  used was firs t s tirred  in  e th y l acetate
(6) F . L . Jackson, P h .D . Thesis, P ittsb u rgh  U n ive rs ity , P ittsburgh , Pa., overn ight, washed w ith  ether, and dried. Thanks are due to  D r. Ia n  H ar-

1943. rison fo r suggesting th is  procedure.
(7) P. J. B a rry  and B . M . Craig, C a n . J .  C h e m ., 33, 716 (1955). (11) See re f 9, p 845.
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with two 50-ml portions of chloroform and the chloroform solu- to give 2, and that the monocarbanion and dicarbanion
tions were combined and washed once with water. Concentra- „4. „ • , ,x- { ,, , 1__e i n 1 ,, . . ., . are formed at a taster rate than an appreciable amounttion of the chloroform to small volume resulted in the precipita- , , , . 11 "
tion of a crystalline solid which was recrystallized from methylene 01 benzyne, the electrophilic center for cyclization to
chloride-ether to give 1,3-dihydroxypropan-2-one 1,3-dipalmitate 2. Thus, not only could chloro/3-diketone 1 be re-
(37 g, 84%) as small plates, mp 81-82°. covered after conversion to its monocarbanion or di-
C 5 °̂r Cs5H66° 5: C> 74'0; H’ 11,7' Found: carbanion salts by direct or inverse addition of 1 or 2

1,2,3-Trihydroxypropane 1,3-Dipalmitate .-1,3-Dihydroxy- “ oI ^ uiv of potassium amide in liquid ammonia, but
propan-2-one 1,3-dipalmitate (10.0 g) was dissolved in a mixture dicarbanion was also condensed at its terminal
of tetrahydrofuran (250 ml) and benzene (50 ml). Water position with benzophenone to give carbinol-/3-dike-
(15 ml) was slowly added to this solution with stirring and the tone 5. This mode of intermolecular condensation is
temperature of the mixture reduced to approximately 5° by characteristic of such 1,3 dicarbanions.3 The yield
external cooling m an ice bath; a milky-white suspension re- ( c ^  . 7 . J
suited. Sodium borohydride10 (1.0 g) was added to this hetero-  ̂was ^  wbich is approximately the same as that
geneous mixture; after a further 30 min, the reaction mixture reported (42%) earlier for cyclic /3-diketone 2 .2 
was worked up as described above to give 1,2,3-trihydroxy-
p ro p an e 1 ,3 -d ip a lm ita te  (1 0  g , 9 9 % )  as a w a x y  w h ite  so lid , m p P tt m r u  m c u  r t r  u  \
67-68°, which was recrystallized from chloroform to give mp j [c 2 2  ̂ AU6M5;2
72-73° (lit.12 mp 72-74°). Thin layer chromatography showed % ^C 1 ^
no trace of the 1,2 isomer [tic system hexane-ethyl acetate

(6:1)1' C6H5
Registry No.— l,3-Dihydroxypropan-2-one 1,3-di- r^^OH„CH,COCH,COCH==C^

oleate, 24472-44-4; l,3-dihydroxypropan-2-one 1,3- Ctf t
dipalmitate, 24472-45-5. 6

(12) See ref 9, Voi. 3, p 1267. The structure of 5 was supported, not only by analy-
------------------------ sis and absorption spectra, but also by dehydration

with acid to give /3-diketo olefin 6 in 30% yield. The 
Cyclization a t the Less Nucleophilic structure of 6 was also supported by analysis and ab-

Center of a (3-Diketone D icarbanion through a sorption spectra.
D icarbanion-Benzyne In term ed iate1 The conversion of chloro (5-diketone 1 to its mono

carbanion was accompanied by slight coloration which
Chables F. beam, Robert L. Bissedl, and was P ^ b l y  due to a trace amount of benzyne forma-

Charles R. Hauser tion. 1  he related /3-diketone, 6-phenyl-2,4-hexane-
dione, which has no chlorine failed to produce coloration 

Paul M. dross Chemical Laboratory, Duke University, Durham, under similar conditions. In both cases the (3-diketone 
North Carolina 27706 was recovered quantitatively upon acidification.

The conversion of chloro (3-diketone 1 to its dicarb- 
Received September 22,1969  anion was accompanied by distinct coloration, but

only 1 was recovered after neutralization; none of 2 
Bunnett and Skorcz2 have shown that addition of was found.

6-(o-chlorophenyl)-2,4-hexanedione (1) to excess po- Cyclic /3-diketone 2 was converted to its dipotassio 
tassium amide in liquid ammonia affords l-acetyl-2- gait and condensed with benzophenone to form car-
tetralone (2). A study of the possible intermediates in binol -/3-diketone 7 in 73%  yield; on prolonged
this cyclization promised to be of particular interest standing, 7 underwent dehydration to give the unsat-
since, although monocarbanion-benzyne 3 appeared to urated /3-diketone which was isolated as the pyrazole 
be the intermediate that cyclizes, dicarbanion-benzyne derivative.
4 may be the intermediate that cyclizes to give 2. If 
so, this would be the first example where the less nucleo- 
philic 3-carbanionic center of a (3-diketone dicarbanion 
reacts preferentially to the much more nucleophilic [ 0
terminal 1-carbanionic center of such a /3-diketone di- COCH2C(C6H6)2 <«̂ %|CH2CH2COCH2COC6H5
carbanion with an electrophilic group.3 ^  Cl

Och zch2coch2coch3 7 8
d  j n contragt to chloro (3-diketone 1, chloro /3-diketone

COCH3 8 faiied to afford an isolable product when treated with
1 2 2 molar equiv of potassium amide in liquid ammonia

OCH2CH2COCHCOCH3 i^SCHjCHjCOCHCOCHi followed by 1 molar equiv of benzyl chloride or benzo-
phenone, and, when 8 was treated with excess potassium 
amide in liquid ammonia, a polymeric material was 

3 obtained. The isolation of polymeric material suggests
We have obtained evidence that dicarbanion-ben- that an intermolecular condensation may have taken 

zyne 4 is indeed the principal intermediate that cyclizes precedence over an intramolecular cyclization.
(1) Supported b y  th e  N a tio n a l Science Foundation. The starting chloro /3-diketones 1 and 8 were readily
(2) j . f . B u n ne tt and j . skorcz, J .  O rg . c h e m .,  2 7 , 3836 (1962). prepared from o-ehlorobenzyl chloride and the di-
(3) c. r . Hauser and t. m. Harris, /. Amer. chem. soc., so, 6360 (1958); carbanions of acetylacetone and benzoylacetone, re-

R . J. L ig h t and C. R . Hauser, J .  O rg . C hem ., 26, 1716 (1961); T . M . H arris  . . , V 1  . « _ i _  n
and c. r. Hauser, ibid., 29,1391 (1964). spectively. Chloro /3-diketone 1 can now be made m a
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single step which is more convenient than the three-step cooled ( — 78°) solution of l from an inverse addition flask, the
7i „ j  t  . _u . 2 difference being less coloration.

method formerly emp yed. Conversion of 1 to Its Dianion.—The procedure for conversion
Experimental Section of 1 to its dianion was che same as previously described for the

conversion of 1 to its monoanion, except that the KNH2 was 
Melting points were taken on a Thomas-Hoover melting point prepared from twice the amount of potassium, 7.13 g (0.183

apparatus in open tubes and are uncorrected. Analyses were g-atcm). Only starting material 1 was found in the final residue,
performed by M-H-W Laboratories, Garden City, Mich., and Condensation of Dianion of 1 with Benzophenone.—Potassium
by Janssen Pharmaceutica, Beerse, Belgium. Ir spectra were amide was prepared in a 250-ml inverse addition flask from 2.15 g
obtained with a Perkin-Elmer Model 137 or 237 spectrometer. (0.055 g-atom) of potassium in 125 ml of anhydrous NH3(1).
Nmr spectra were obtained on a Varian A-60 nuclear magnetic The base was then added to a well-stirred solution of 5.61 g
resonance spectrometer, and shifts are reported in parts per (0.025 mol) of 6-(o-chlorophenyl)-2,4-hexanedione (1) in 25 ml
million downfield (5) from an internal tetramethylsilane (TM S) 0f dry ether. Upon completion of the addition a red-brown color
standard. resulted, and after stirring for 20 min, 4.55 g (0.025 mol) o:

Preparation of 6-(o-Chlorophenyl)-2,4-hexanedione (1).—To a benzophenone dissolved in 20 ml of dry ether was added; the
stirred slurry of 0.828 mol of NaNH24 in 500 ml of anhydrous mixture was stirred for 3 hr. The mixture w'as then inversely
NH3(1), cooled with a Dry Ice-acetone bath and blanketed with neutralized by pouring the reaction mixture into a large flask
nitrogen, was added 43.5 g (0.435 mol) of acetylacetone in 50 containing an excess of NH4C1 dissolved in 100 ml of anhydrous
ml of dry ether. The resulting mixture was stirred for 20 min, NH3(1). The ammonia was replaced by an equal volume of dry
followed by the addition, during 7 min, of 58.2 g (0.362 mol) of ether, and 200 ml of a 10% HC1 soln was added. After
o-chlorobenzyl chloride in 50 ml of dry ether. At the end of a separation of the layers, the aqueous layer was further extracted 
2-hr stirring period, the ammonia was evaporated as 250 ml of with three 75-ml portions of ether and the combined ether ex
dry ether was added. Crushed ice (100 g) was then added, tracts were dried (M gS04). After filtration and evaporation of
followed by 70 ml of concentrated HC1. The layers were sepa- the solvent, 20-30 ml cf absolute ethanol was added, and upon
rated, and the aqueous layer was extracted with three 100-ml shaking a solid crystallized. After recrystallization from absolute
portions of ether. The combined ether extracts were dried ethanol, 4.00 g (41%,) of 7-(o-chlorophenyl)-l,l-diphenyl-3,5-
(MgSCh), filtered, and concentrated. The residue was distilled to heptanedione-l-ol (5), mp 92-94°, was obtained: ir (CHCb)
give 59.2 g (73%) of 6-(o-chlorophenyl)-2,4-hexanedione (1): 3 4 0 0 , 1600, 1160, 755, 700 cm^1; nmr (CDC13) 5 2.48-3.13 (m,
bp 143° (3 mm) [lit.2 bp 120-123° (2 mm)]; ir (neat) 3096, 1667, 4 H , -CH 2CH2-) ,  3.22 (s, 2 H, -CH 2- ) ,  5.38 (s, 1 H, C4 Henoi),
1610, 1449, 1318, 1279, 947, 925, 814, and 766 cm-1; nmr (CCU) and 7.00-7.50 (m, 14 H, A r-II).
S 1.90 (s, 3 H, C H 3- ) ,  2.0-3.15 (m, 4 H, - C H 2C H 2- ) ,  5.30 (s, AnaL  Calod c 25H2SC I03: C, 73.79; H, 5.70; Cl, 8.71.
1 H, C3 Hen„i), and 6.75-7.3 (m, 4 II, Ar-H). Found: C, 73.85; H, 5.67; Cl, 8.53.

The melting point of the pyrazole of 1 prepared in the standard Dehydration of 5 to Give 3-Diketone-Olefin 6 .—To a 1.0-g
manner was 66-68° (ligroin) [(lit.2 mp 67-68°)]. Compound 1 (0.00246 mol) sample 5 was added 10 ml of acetic acid. The
also gave a violet ferric chloride test. mixture was stirred and cooled in an ice bath, while 1.0 ml of

Cyclization of 1 to Form l-Acetyl-2-tetralone (2). A solution concentrated H2S 04 was added dropwise. The ice bath was
of 0.263 mol of potassium amide in NH3(1) was added, during 20 removed, and the mixture was allowed to warm to room tem-
min, to a well-stirred solution of 11.23 g (0.05 mol) of 6-(o- perature. After 30 min, complete solution was effected, and the
chlorophenyl)-2,4-hexanedione (1) in 125 ml of dry ether. The mixture was poured into a stirred ice-water mixture. The paste
mixture was stirred an additional 1 hr and then neutralized with which resulted was removed by filtration and allowed to stand
13.40 g (0.25 mol) of solid NH4C1. The ammonia was evapo- overnight. The residue was taken up in absolute ethanol and
rated as 250 ml of dry ether was added; this was followed by filtered. Crystallization resulted after standing at 0° for several
addition of 250 ml of 3 iV HC1. The layers were separated, and days. The crude product was recrystallized from ethanol to
the aqueous layer was extracted with three 100-ml portions of give 0 .28 g (30%) of 7-(o-chlorophenyl)-l,l-diphenyl-l-heptene-
ether. The combined ether layers were dried (M gS04), filtered, 3,5-dione (6): mp 72-73.5°; ir (CHC13) 3077, 2433, 1618-1563,
and concentrated; an oil remained. The oil was shown to con- and 930 cm-i. nmr (CHC13) 5 2.30-2.99 (m, 4 H, -CH 2CH2-) ,
tain /3-diketone 2 by conversion to its copper chelate, mp 228- 5 .2 5  (Sj 1 h > Qt Henoi), 6.38 (s, 1 H, C2 H), and 7.09-7.50 (m,
230° (methanol) (lit.5 mp 229-230.5°), and its pyrazole (49%), 44 j j , Ar-H).
mp 136-138° (ether-ligroin) (lit.2 137-138°). ri-uzZ. Calcd for C25H21C102: C. 77.21; H, 5.44; Cl, 9.12.

In one case, crystallization of the oil was effected upon pro- Found: C 77.12- H 5.44- Cl 9.12. 
longed standing (6-9 months), while other procedures failed to Preparation of the’ Dianion of l-Acetyl-2-tetralone (2) and
induce crystallization. After three recrystallizations from etha- Condensation with Benzophenone to Form 7.—A 0.0478-mol
nol, l-acetyl-2-tetralone (2), mp 73-76°, resulted: ir (CHC13) solution of NaNH2 in 500 ml of anhydrous NH3(1) was prepared
1540, 760, and 700 cm 1. This represented a 67% yield of 2 . m a 4.^ inverse addition flask. This slurry was added to a

Anal. Calcd for Ci2Hi20 2: C, 76.54; H, 6.43. Found: C, stirred solution of 4.10 g (0.0218 mol) of l-acetyl-2-tetralone (2)
76.44; H, 6.39. in 50 ml of dry ether. After 20 min, 3.96 g (0.0218 mol) of benzo-

The compound gave a violet ferric chloride test, and a pyr- phenone was added, and the mixture was stirred an additional
azole of 2 which was prepared in the standard manner had mp 20 min. The mixture was then inversely neutralized as previously
136-138 after one recrystallization from ether-ligroin (lit.2 137- described for 5, and the ammonia was replaced by 250 ml of dry

)• _ . ether. This was followed by the addition of 250 ml of water;
Conversion of 1 to Its Monoanion.—-To a stirred solution the layers were separated. The aqueous layer was extracted

rontaining 0.0915 mol of XNH2 in 200 ml of NH3 (1) and cooled with two 50-ml portions of ether, the combined ether extracts
by a Dry Ice-acetone bath and blanketed by nitrogen was were dried (Na2S 0 4), filtered, and concentrated, and the residue
added 22.45 g (0.10 mol) of 6-(o-chlorophenyl)-2,4-hexanedione was distilled to give 7 as a red liquid (73% ), bp 161-165° (12
(1) in 75 ml of dry ether. Some red coloration was noted.6 The mm'-.
cooling was discontinued, and the mixture was stirred an addi- AnaL  Calcd for C25H220 3: C, 81.05; H, 5.99. Found: C,
tional 20 mm. The ammonia was evaporated as 250 ml of dry 81.05- II 5.92
ether was1 added, and ca. 100 g of crushed ice was slowly added, Carbinol-fi-diketone 11 was found to undergo dehydration
followed by 30 ml of cold concentrated HCI. The layers were upon prolonged standing (1 year). An ir spectra of the resulting
separated, and the aqueous layer was extracted with two 100-ml od iacked hydroxyl absorption in the region 3300-3500 cm-1,
portions of ether; the combined ether layers were dried (M gS04). and, wfien the oil was treated with an ethanolic solution of hy-
After filtration, the solvent was evaporated to give an essentially drazine, the pyrazole of 7, mp 158-160° (methanol), was ob-
quantitative (>95% ) recovery of starting material. Similar tained in good yield
results were observed when the solution of base was added to a AnaI. Calcd for c 25H2„N2: C, 86.17; H, 5.78. Found: C,

( 1 9 5 4 ) C R' HaUSer' * ' W' SWamer’ ^  J ' T' AdamS’ 0 r°' ^  8’ 122 Preparation of 5-(0-Chlorophenyl)-l-phenyl-l,3-pentanedione
(5) In  a contro l experim ent, 0 .1 0  m ol of 6-p lie n y l-2 ,4 -hexanedione was (8).—5-(o-ChlorophenyI)-l-pheny]-l,3-pentanedione (8), bp 173°

added to  a solution containing 0.0915 m ol of K N H , in  NH> (1) and no colora- (0-07 mm), was prepared in 73% yield from reaction of 29.1 g
tio n  was observed. 6-Phenyl-2,4-hexanedione was recovered nearly qua«- (0.180 mol) of o-chlorobenzyl chloride with the dicarbanion of
t i ta t iv e ly  a fte r neutraliza tion . benzoylacetone prepared from reaction of 34.74 g (0.213 mol) of
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benzoylacetone and 0.430 mol of NaNH2 in NH3 (1). This 0n halogen to give the dimeric product (tetraphenyl- 
procedure is analogous to that described for chloro ^-diketone 1. i f  ,

Anal. Calcd for C„HI5C102: C, 71.20; H, 5.22; Cl, 12.36. wh*le ethylene ch^nde undergoes twofold
Found: C, 71.11; H, 5.33; Cl, 12.26. alkylation to give 1,1,4,4-tetraphenylbutane. 1 In

The absorption spectra for 8  contained the following: ir 3106, agreement with this, ethylene iodide reacts with I to
2950, 1618, 1055, 756, and 694 cm“1; nmr 5 2.40-3.21 (m, 4 give the dimer, 2,3-diphenylsuccinonitrile (II), but

6 - 0  1 <-'2 Hen°‘). and 6.9-7.8 (m, 9 H, ethylene bromide does not effect dimerization, and,
The pyrazole of 8  was prepared in the standard manner and ^hylene chloride, undergoes twofold alkylation

was recrystallized from methanol, mp 99-101°. (see bcheme II). In none of the cases studied did
Anal. Calcd for Ci7H15C1N2: C, 72.17; H, 5.34; Cl, 12.53;

N, 9.95. Found: C, 72.43; H, 5.45; Cl, 12.76; N, 9.86. Scheme II
CH C H

Registry No.—2, 24118-62-5; 5, 24118-63-6; 6, \  /  xcmcrnx -  BrCMejCM̂ Br
24118-64-7; 7, 24118-65-8; 8 , 24118-66-9; pyrazole of ,c , — — — C6H5CHCN------------- >
m  . > , 1  m  n o  o  i  t o  0 * 1 1 1 0  T i  a  /  \  X  =  C l, B r  or IC H 2C H H7,24110-98-3; pyrazole of 8,24118-71-6. ¿ jj2 qn j

I I I
(MI..CHCX

C o u p lin g  o f  C a r b a n io n s . F o r m a t io n  C6H5CHCN

o f  S u c c in ic  A cid  D e r iv a tiv e s  _ (C6H6)2CCN **
(C6H5)2C C N — >  6 I

William G. Kofbon IV (C6H5)2CCN
V

Department of Chemistry, University of Akron,
Akron, Ohio 4 4 8 0 4  2,3-dibromo-2,3-dimethylbutane, a ditertiary halide,

undergo alkylation.
Charles R. Hauser The yields of II in the dimerization reactions were

difficult to reproduce, apparently because this nitrile 
Department of Chemistry, Duke University, can undergo dehydrocyanation with potassium amide

Durham, North Carolina 27708 or 0 ther anion.8 Such a dehydrocyanation is not
possible with dimer V, which was obtained from 

Received September 17,1969 potassiodiphenylacetonitrile (IV) in 85% yield even
411 , when the direct addition procedure was employed.

Alkali metal diphenylmethides have previously been Ethyl Phenylacetate and Ethyl Diphenylacetate.— 
shown to react with certain polyhalides by a dis- The potassium derivatives of these esters were readily
placement on halogen to give the dehalogenation prepared from the esters and ammoniacal potassium
product from the halide and a benzhydryl halide. amide. The product from the latter ester, diethyl
While the halogenated compound has been isolated tetraphenylsuccinate, was not obtained crystalline
from the reaction with carbon tetrachloride, 2 under the ant[ was identified by hydrolysis to the acid (see
usual reaction conditions (addition of halide to anion) Scheme III). The yields of these reactions are sum-
it reacts further with the anion to give tetraphenyl- marized in Table I
ethane (Scheme I).

Scheme I I I

ScHEME 1 _ C6H5CHCOOEt
K N H i -  X - C - C - X  (CeHsbCH C6H5CHCOOEt >  C’HPOOFt

(C6H5)2CH2 ------- »- (C6H5)2C H ----------->  (C6H5)2C H X ----------->  VI GeHsOHEUUEt

(CgH5)2CHCH(C«H5)2
(C6H5)2CCOOEt (C6H6)2CCOOH 

(C6H5)2CCOOEt — >- | — >- |
Several such reactions to give halogen compounds V III (C6H5)2CCOOEt (C6H5)2CCOOH

from carbanions have been reported. 8 We now report
the synthetic utility of this reaction in the coupling of Table I
anions from nitriles and esters to give succinic acid „  , «T“ . ® Dimerization of Anions of Esters and Nitriles

erivatrves. . _ An ion  (m ol) H alide (m ol) P roduct (y ie ld , % )

Phenylacetonitrile and Diphenylacetomtrile. —Potas- x ( 0  05) BrCMe2CMe2Br (0.025) I I  (16, meso; 37, dl)
sio- and sodiophenylacetomtrile (1 ), prepared Irom the CN- (2 2 )
nitrile and potassium or sodium amide, was previously l (0 .05) BrCMe2CMe2Br (0.025)» I I  (6, meso; 63, dl)
shown to undergo generally twofold alkylation with 1 (0 .1 )  BrCH2CH2Br (0.05) Phenylacetonitrile (92)
alkyl halides. 4 Thus reaction with ethylene chloride I I I  (9 1 )
gives equal amounts of 1-phenylcyclopropanecarboni- 1 (0 .0 5 ) ICH2CH2I (0.025) 11 (33)
trile (III) and phenylacetonitrile. It was previously 1 (0 .1 )  C13CCC13 (0.05) I I  (5, meso; 45, dl)
shown that ethylene iodide and ethylene bromide IV (0.05) BrCMe2CMe2Br (0.025) V (85)
react with potassium diphenylmethide by displacement VI (0.08) BrCM^CM^Br (0.04) VII (36)

VI (0 .1) C13CCC13 (0.05) V II (54, meso; 24, dl)
( 1 ) W. G. K o fro n  and C. R. Hauser, /. A m e r .  C h em . Soc., 90, 4126 (1968). V III (0.05) BrCMe2CMe2Br (0.025) IX  (54)
(2) W. G. K o fro n  and C. R. Hauser, J .  O rg . C h e m ., 28, 577 (1963). a The inverse addition procedure was employed.
(3) F . H . Rash, S. Boatm an, and C. R . Hauser, J .  O rg . C h e m ., 32, 372 ______________

(1967); R . L . Gay, T . F. C rim m ins, and C. R . Hauser. C h e m . I n d .  (London),
1635 (1966). (5) F o r related dehydrocyanations, see C. R . Hauser and W . R. Brasen,

(4) C. R . Hauser and W . R . Brasen, J .  A m e r.  C h em . S oc., 78, 494 (1956). ib id . ,  78, 82 (1956).
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E x p e rim e n ta l S e c t io n  OH

F o rm a tio n  an d  C oupling of C a rb a n io n s .— T h e  an ion s w ere K
p re p are d  b y  ad d itio n  of a n  e th e rea l so lu tio n  o f th e  e s ter or n itr ile  H e — *■ \  ( i )
to  1 eq u iv  o f p o tassiu m  am id e in  1 2 0 - 2 0 0  m l o f liqu id  am m on ia
an d  s tir r in g  fo r  2 0  m in . A n  e th e rea l so lu tio n  o f th e  h a lid e  (0 .5  I
m o lar e q u iv ) w as ad d ed , th e  am m on ia  w as allow ed to  e v a p o ra te , P a
an d  th e  resid u e w as s tir re d  w ith  w a te r  an d  e th e r  or ch lo rofo rm
an d  filte re d . In d iv id u a l w ork -u p s fo llo w . A v a lu e  =  — A0 °  =  ( R T  In f f )/ 1 0 0 0  (2)

2 ,3 -D ip h e n y lsu cc in o n itr ile  ( I I ) .— T h e  solid  on  th e  fu n n el w as
re cry sta lliz e d  fro m  a c e tic  acid  to  g iv e  ta n  n eed les o f th e  m e s o  employing a large variety of techniques.2 4 The ob-
n itr ile , m p  2 3 8 °  ( l i t .6 m p 2 3 9 - 2 4 0 ° ) .  T h e  ch lo ro fo rm  so lu tio n  served A values are solvent dependent but deviate
w as d ilu ted  w ith  e th a n o l and ch illed , g iv in g  th e  d l  n itr ile , m p  seriously from one technique to another in the same
16 4  ( l i t .6 m p 1 64  ) .  T h e  aqu eou s so lu tio n  g av e  a  p o s itiv e  i f  2 T h i s  n a n e r  c o n c e r n s  t h e  m e a s u r e m e n t  o f  t h e
P ru ss ia n  B lu e  te s t  fo r cy a n id e , w h ich  w as q u a n tita tiv e ly  d e- s o l v e n t .  i n i s  p a p e r  c o n c e r n s  t n e  m e a s u r e m e n t  01  t h e
te rm in e d .7 A value of hydroxyl in cyclohexanoI-2,2,6,6-a4 at —83

T e tra p h e n y lsu cc in o n itr ile  (V ) .— T h e  ch lo ro fo rm  so lu tio n  w as utilizing variable-temperature nuclear magnetic reso- 
e v a p o ra te d , an d  th e  resid u e w as re cry sta lliz e d  fro m  ch lo ro fo rm - nance (nmr) spectroscopy, a technique of proven 
e th a n o l to  g iv e  te tra p h e n y lsu cc in o n itr ile , m p  2 1 5 ° ,  u n d ep ressed  3

yD ie th y l 2̂ 3-D ip h T n y lsu ccin a te  ( V I I ) . - T h e  solid  on th e  fu n n e l Examination of the nmr spectrum (60 MHz) of 
w as re cry sta lliz e d  fro m  aqu eou s m eth a n o l to  g iv e  th e  m e s o  e s te r , cyclohexanol-2,2,6,6-d4 at — 83° in a number of solvents
m p  1 4 0 -1 4 1 °  ( l i t .9 m p 1 4 0 - 1 4 1 ° ) .  T h e  e th e re a l so lu tio n  w as revealed two resonances corresponding to the equatorial
e v a p o ra te d , an d  th e  resid u e w as re cry sta lliz e d  fro m  aqu eou s H C 0  p r o t o n  ( H  e q  j )  a t  approximately 5 3.85 and to
m e th a n o l to  g iv e th e  dl e s te r , m p 7 9 -8 0  ( l i t .9 m p 8 2 - 8 2 .5  ) .  , ,  • , I r r , n  /Xt  .

T e tra p h e n y lsu c c in ic  A cid . - E v a p o r a t io n  o f th e  e th e re a l t h e  a * l a l  H C 0  p r o  . o n  ( H „  e q  1 )  a t  a p p r o x i m a t e l y  5
so lu tio n  g a v e  a n  o ily  solid  w h ich  sev era l re cry sta lliz a tio n s  fa iled  3 . 2 8  ( F i g u r e  1 ) .  T h e s e  p e a k  a s s i g n m e n t s  a r e  c o n -
to  p u rify . T h e  m a te r ia l w as h y d ro ly zed  o v e rn ig h t in  reflu x in g  s i s t e n t  w i t h  t h o s e  in  m o d e l  c o m p o u n d s 5 a n d  w e r e
e th a n o l w ith  5 .7  g  (0 .1  m o l) of p o ta ssiu m  h y d ro x id e . T h e  e th a n o l c o n f i r m e d  b y  d e u t e r a t i o n  o f  t h e  h y d r o x y l  g r o u p  a n d
w as e v a p o ra ted  and th e  resid u e w as stirre d  w ith  w a te r  an d  i n v e s t i g a t i o n  o f  t h e  H C O  r e s o n a n c e  u n d e r  c o n d i t i o n s
m e th y le n e  ch lo rid e , l h e  aqu eou s so lu tio n  w as acid ified , and th e  c  ,  ° c ,
te tra p h e n y lsu cc in ic  acid  w as re cry sta lliz e d  fro m  m e th y le n e  s lo w , i n t e r m e d i a t e ,  a n d  f a s t  r a t e s  o f  e x c h a n g e  o n  t h e
ch lo r id e -e th a n o l to  g iv e w h ite  c ry s ta ls , m p 2 7 1 °  d ec ( l i t .10 m p  n m r  t i m e  s c a l e .
2 6 0 - 2 6 2 ° ) .  Integration by planimeter and electronic integrator

R e a c tio n  of I  w ith  E th y le n e  B ro m id e  .— E v a p o ra t io n  o f th e  0f the peak areas of axial and equatorial HCO reso- 
e th e re a l so lu tion  g av e  2 1 .5  g  of a  y e llow -brow n  o il, sh ow n  b y  , ori0 , ,  . , . f  . , . /T-
n m r to  be a  m ix tu re  o f p h en y la ce to n itr ile  an d  1-p h en y lcy c lo - nances at 83 gave the equilibrium constant (K , 
p ro p a n e ca rb o n itr ile . T h e  m ix tu re  w as n o t sep a ra te d  b y  d is tilla - 1) of interest and the corresponding A values in a
t io n  th ro u g h  a  6  in . h e lix -p ack ed  co lu m n , b u t  w as sa t is fa c to r ily  variety of solvents (Table I). Since the measured 
sep a ra te d  b y  g as  ch ro m a to g ra p h y  ( 1-m  co lu m n , 2 0 %  m e th y l 
silico n e  S E - 3 0 ) .  T h e  n m r sp e ctru m  of a  sam p le  o f p u re  I I I ,
co lle cted  fro m  th e  gas c h ro m a to g ra p h , w as id e n tic a l w ith  th e  T a b l e  I
pu blish ed  sp e ctru m .11 T h e  re la t iv e  y ie ld s o f th e  tw o  n itr ile s  A  V a l u e  o f  H y d r o x y l  a s  a  F u n c t io n

(T a b le  I )  w ere e s tim a te d  fro m  th e  ra tio  o f th e  p ea k  a re a s . o f  C o n c e n t r a t io n  a n d  S o l v e n t  a t  —8 3 °

Registry No.— meso-II, 15146-07-3; d l-ll, 19657- ^ 7 /'  a  value,

49-9; III, 935-44-4; V, 3122-21-2; meso-VII, 13638-89- Group Solvent l. k  kca i/m o i

6; dl-NU, 24097-93-6; IX , 24097-49-2. - O H  C S 2 3 . 0  1 7 .0  ±  1 . 0  1 . 0 8  ± 0 . 0 6
2 . 0  1 2 .9  ±  0 . 7  0 . 9 7  ± 0 . 0 5

Acknowledgment.-— This work was supported at the 1 . 0  1 1 . 6  ±  0 . 8  0 . 9 3  ± 0 . 0 5
University of Akron by a grant from the Petroleum 0 . 5  1 1 .3  ±  0 . 8  0 . 9 2  ±  0 . 0 5

Research Fund, administered by the American Chemical - O D  C S 2 2 . 0  1 1 . 6  ±  0 . 8  0 . 9 3  ± 0 . 0 5
Society, and at Duke University by the National Science T o lu e n e  2 . 0  1 1 .3  ±  0 . 8  0 . 9 2  ±  0 .0 5
Foundation. T o lu e n e  1 . 0  1 1 . 0  ±  0 . 8  0 .9 1  ±  0 . 0 5

- O H  C D 3C O C D 3 1 . 0  1 2 .9  ±  0 . 9  0 .9 7  ±  0 . 0 5
(6 ) L. C halanay and E. Knoevenagel, B e r .,  25, 289 (1892). - O H  5 0 %  C S 2~ 2 . 0  1 1 .6  ±  0 . 6  0 .9 3  ± 0 . 0 5
(7) F. C hario t and D . Bezier, “ Q uan tita tive  Inorgan ic  Ana lysis,”  tra n s- cflO / n in n ln o  1 0  11 k _i_ n  7  r i O l  +  I K K

lated by R. C. M u rra y , John W ile y  & Sons, New  Y o rk , N . Y „  1957, p 380. DU/ 0 a piCOI.ne 1.0 U . 5 ± 0 . 7  U.M ±  0.05
(8 ) K . Auwers, and V. M eyer, B e r .,  2 2 , 1227 (1889). 'V Y  1 1 .5  i  1 .8  0 .9 2  d= 0 .0 6
(9) H . W ren and C. J. S till, J .  C h em . S oc., 444 (1915). — O D  C D 3O D  1 . 0  1 6 .1  db 1 . 0  1 . 0 5  db 0 . 0 6
(10) H . Bickel, B e r .,  22,  1537 (1889). C D 3O D  2 . 0  1 5 .8  = t 1 .0  1 .0 4  db 0 . 0 6
(11) A , A . Pavia, J. W ylde, E . A rnal, and B. F illia tre , B u l l .  S oc. C h im .  F r . ,

460 (1964).

------------------------ equilibrium constants (K , eq 1) are relatively large by
T h e  A V a lu e  o f  H y d ro xy l D e te rm in e d  b y  nmr standards> a correspondingly large radiofrequency

. power level was necessary to obtain reasonable repro-
t  e  N u c le a r  M a g n e tic  R e s o n a n c e  P e a k  A re a  ducibility in peak areas. This introduces the possi-

M e th o d  a t  —8 3 ° bility of differential saturation effects on the two
„ „  _ _ , _ H -C -0  resonances, but these effects are included in the
C . H a c k e t t  B u s h w e l l e r , J a n e  A. B e a c h , 1 i- ■, „ , v  ,  i m  , 1 t \

J a m e s  W . O ’N e i l , a n d  G e e t h a  U . R ao  e lT O r llm ifc  S e t  0 1 1 K  ^  T a b I e  *

D e p a r t m e n t  o f  C h e m is t r y ,  W o r c e s t e r  P o l y t e c h n ic  I n s t i t u t e ,  S u m m ^ m T '  ScieMe Foundation  U nde-gradu ilte  Research P a rtic ip a n t,

W o r c e s te r ,  M a s s a c h u s e t t s  01609 (2 ) j .  A. H irsch, T o p . S tm o c h e m .  1 , 199 (1967), and references therein.
„  . 7 „  7 ^  . (3) F. R . Jensen, C. H . Bushweller, and B. H . Beck, J .  A m e r .  C h e m . S o c .,
K e c e tv e a  S e p te m b e r  9, 1969 9 1 , 3 4 4  ( 1 9 6 9 ).

(4) G. R ansbotyn, R . O ttinger, J. Reisse, and G. C hiu rdog lu , T e ir a -

A myriad of reports have appeared concerning the h e d ro n  L e tt. , 2535 (1968). 
measurement of the A value of hydroxyl (eq 1 and 2) 21« ( « « ) “ " ’ °* Ce‘0tti' Zimmer:nann' and G' ° hiurdogIu' im ~
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A C y c lo h e x a n o l-2 ,2,6,6-di w as p rep ared  b y  th e  lith iu m  alum inu m
\n h y d rid e  re d u ctio n  o f cy c lo h e x a n o n e -2 ,2 ,6 ,6 -d ( .6

R egistry  N o .—  Cyclohexanol-2,2,6,6-d4, 21273-03-0.
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B io s y n th e tic  S tu d ie s  w ith  C a rb o n  13.

P ie r ic id in  A

M a sa to  T a n a b e  a n d  H a r u o  S e t o

' Department o f Pharmaceutical Chemistry,
J  \ Stanford Research Institute,

J  \ Menlo Park, California 94025

J  \ Received November 10, 1969

I | The antibiotic piericidin A is a naturally occurring
S 3 .8 5  S 3 .2 S  insecticide which is produced by Streptomyces mo-

F ig u re  l.— A xia l (5 3 .2 8 )  an d  e q u a to ria l (s 3 .8 5 )  H C O  reso n an ces baraensis.1 Its structural and stereochemical formula- 
of cy c lo h ex a n o l-2 ,2 ,6 ,6-d4 (3  M  in  C S 2) a t  - 8 3 ° .  tion (I) is due to the work of Takahashi and coworkers.2

Biosynthetic studies conducted with carbon 14 labeled 
-n . , rr . . T . .. , ■ , precursors indicated that the carbon chain of Piericidin
Perusal of Table I indicates no dramatic solvent A is formally derived by condensation of five propionate

effects (in the solvents used) although some variation and four acetate units, presumably via an acetate
is noted. The A value of hydroxyl is larger in the starter and the methylmalonyl pathwav.3 A useful
hydroxyhc solvent CD3OD, as expected. Some error
is introduced into the A value determined in CD3OD Cjp. CH CH
because of a slight overlap of the CHD2OD impurity I I I  | 3 0  | 3
resonance with the axial H -C -0  resonance of cyclo- __ X ^  X^. X \  X n. X v ,CvJ, ,CV
hexanol-2,2,6,6-d4. °  j |j | | | V )

These data provide an opportunity for a meaningful CH3 0  0  0  0  0
comparison albeit at a low temperature of the A value ||
of hydroxyl with other oxygen-containing function- 0
alities (Table II). Although the effective group i7 16 15 ]4 is

CH3 ch3 ch3 ch3 H 3C OH

T a b l e  I I
I T  8 6 4 2 /T- UGri3

A  V a l u e s  o f  V a r io u s  I I N —\
O x y g e n - C o n t a in in g  F u n c t io n a l it ie s  CH3 OH V jV r13 OOn3

A  value, A  value, j
G roup keal/m ol® G roup k c a l/m o la

~0Ts 0 - 5 2  - O C ( = 0 ) H  0 . 5 9  procedure for biosynthetic studies of microbial metabo-
- O C D 3 0 .5 5  -O A c  0 .7 1  lites is the nondegradative 13C proton satellite method.4
- 0 S 0 2C H 3 0 . 5 6  - O H  0 .97“ We wish to report that the production of piericidin A in

« A ll co n ce n tra tio n s  ap p ro x im ate ly  2jM. S o lv e n t is C S 2 ex ce p t the preSence of 13C-methyl labeled propionate (13CH3
tor O I s  an d  0 S 0 2C H 3 m  w h ich  ca se  i t  is  a p p ro x im a te ly  5 0 : 5 0  n T T  -nt \ i ,  . ,
b y  v o lu m e C S 2-C D C 1 3; see  ref 3. »T h is  w ork. CH2C 0 2Na) affords direct information on the biological

origin of the methyl groups in the antibiotic. This in
formation can be obtained by the 14C method; however, 

radius of hydroxyl is almost certainly smaller than the limitations on chemical degradative methods preclude
other functionalities, it has a significantly higher A identification of specific labeled carbon atoms,
value. The effect of intermolecular association is Streptomyces mobaraensis fermentations in the pre- 
evident. I t  is also clear from Table II that the A m  s Tamura N Takahashi_ s. Miyamoto, R. Mori> s. Suzuki, and 
values of functionalities with oxygen bonded to the J. Nagatsu, A g r .  B io l .  C hem . (Tokyo), 27, 576 (1963). 

cyclohexane ring are not all of the same magnitude. N- Takakashl. a. Suzuki, and s. Tamura, j . Amer. Chem. soe,,
87, 2066 (1965); (b) N . Takahashi, A . Suzuki, and S. Tam ura, A g r .  B io l .  

C h e m . (Tokyo), 30, 1 (1966); (c) N . Takahashi, S. Yoshida, A . Suzuki, and 
S. Tam ura, ib id . ,  32, 1108 (1968).

e x p e r im e n ta l  b e c t io n  (3) (a) N  Xakahashi) Y . K im u ra , and S. Tam ura, T e tra h e d ro n  L e t t . ,

Nmr spectra were obtained using a Varian HR-60A spectrom- 4®59 (*96f  ®  Takahashi' and a  Tamura' AgT' BioL
eter equipped with a custom-built variable-temperature probe. (4) (a) M. Tanabe and G Detre. j  Amer_ Chem. Soe._ g8> 4515 (1986).
Spectral calibrations were performed using the audio-modulation (b) D> Desaty , A . G. M d n n e s , D . G. Sm ith, and L. C. V in ing , C a n . J .

technique. Temperature measurements were performed using B io c h e m ., 46, 1293 (1968). (c) A. G. M d n n e s , D . G. Sm ith, L . C. V in ing,
a calibrated copper-constantan thermocouple. and J. L . C. W righ t, C hem . C o m m u n . 1669 (1968).
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viously reported C4 medium1 supplemented with 56%  ipated. The method is a useful complement to the 
13CH3CH2C 0 2Na (100 mg/40 ml) yielded after a 24- radio carbon method, 
hr incubation isotopically enriched piericidin A. In the ~ .
nmr spectrum of piericidin A, the C14, C15, C„, C17, and N o.-Pm ncidm  A, 24467-35-4.
Cm methyl resonances are resolved and their positions Acknowledgment.—We thank Professor N. Taka- 
can be assigned,20 thereby allowing most of their corre- hashi for the culture of Streptomyces mobaraensis, a
sponding satellites in the labeled compound to be readily sample of piericidin A, and helpful exchange of infor- 
located and identified, and their intensities measured. mation, and R. Dehn for the synthesis of the carbon-13
The source of the methoxyl groups in the antibiotic was labeled substrates. This work was supported by the
determined by additional experiments with 56%  en- U. S. Public Health Service Grant No. AI 08143. 
riched [13CH3)-methionine (100 mg/40 ml). The nmr 
data for the labeled piericidins are summarized in 
Table I.

Diels-Alder Reaction of Tetrachloroetliylene 
T a b l e  I  with Anthracene

Nmk D a t a  f o r  P i e r i c i d i n  A
,— 100-M H z y ie ld “ — . ^ 6 0 - M H z  y ie ld s  B r UCE B .  J a r VIS AND JOSEPH B .  Y O U N T, I I I

U p- D ow n- U p - D ow n-

«/uch, field field field field Department o f Chemistry, University o f Maryland,
r  H z sate llite  sate llite  sa te llite  sa te llite  C o U e g e  Park, Maryland 2 0 7 4 2

13C-Propionate
Cu CH3 8 .20 126 8.7" 10.1“ d e Received November 3, 1969
Cl5 CH3 8 .36 124 d 10.5“ 9 .8  e
C16CH3 9 .18 128 9 .6  / 12.4 d T . . . , A
C 7 CH 8 24 126 7 36 10 5C e e  in  connection  w ith  other experim ents we w ished to
clsCHs 7 90 130 9.1« e 10.2 8 .7  synthesize ll,ll,12,12-tetrachloro-9,10-dihydro-9,10-

ethanoanthracene (1). The only mention in the litera-
13C-Methionine ture of this compound is the report of Russian workers1'2

a i f  I f l  ivH  iv'o  that 1 results from the Diels-Alder reaction of tetra-
“ . 3 ' chloroethylene with anthracene. We have repeated

“ lne yields are expressed a atom per cent excess 13C. The
incorporation yields were determined by comparing the area of
the satellite peak with the area of the unlabeled carbon- 1  methyl- ) T( j | + Cl C=CC1 22°~23°° >
ene protons as an internal standard. Yields represent the area 2 2 seai<,dtube
determined via a single scan on the Varian HA-100 and A-60A, 3 days
respectively. Incorporation values are ± 1 5 %  error. 6 This is
an approximate value, since an impurity peak gives an overlap- p, p, ^
ping signal at t 8.75. * Spin decoupling proved that the C9 proton q  'y S '
which appears in this region of the spectrum, does not overlap 'v j j  ■■ Cl '"y
with this downfield satellite peak. d This satellite signal was ob- +  +
served; however, owing to an impurity signal and/or overlapping f ____ T %J)J I --------1C3J
signals, this yield was not calculated. 6 This satellite signal was
completely obscured by overlapping signals. 1  This downfield 1(10%) 2(10%)
satellite signal overlapped the upheld satellite signal of the Cis CH3 °
group. 0 This signal appeared at r 8 .6  together with the Ci6 C II3
downfield signal. This yield was approximated by subtracting Cl Cl Cl Cl
the upheld Cis CH3 area from the total peak area. y/ fC

These data unequivocally show that five C-methyl —/ \ .  
groups are biosynthetically derived from the methyl C1 C1 ¿j
group of propionate and the terminal Ci3 methyl group 3(1%)
is not propionate derived. The nearly equal labelling 4 ('10̂
pattern observed in the methyl groups along the chain C1 C1
implies that only a single polyketide chain is assembled V /
subsequent to nitrogen introduction to form the pyr-
idine ring. No other biogenetic unit appears to be in- ]Y~j)
volved. These results amplify and are in accord with 
the 14C biosynthesis work.

We observed that incorporation of [13CH3]-methyl- 5 (15%)
malonic acid into piericidin A was very low, since satel
lite bands could not be observed with a single scan. . s reac 1̂0n and ̂  find that indeed 1 (mp 205-206°)
The poor incorporation is probably due to a cell mem- 1S Produced> ^ e i t  in a mixture with a number of
brane permeability effect. A similar result was ob- other compounds. One of these other characterizable 
served in the biosynthesis of erythromycin.6 products is 11,12-dichloro-9,10-dihydro-9,10-ethenoan-

The general use of 13CH3CH2C 0 2Na and nmr for (2)’ which from the melting point (179-
establishing the origin of methyl groups derived from . ' aPPears to be the compound the earlier workers 
propionate in microbial metabolites is a useful technique assigned as L The conclusion is supported by dipole-
and high incorporation yields can be generally antic- ( ! )  V . M . Zonoastrova and B . a . A rbuzov, D o k l .  A k a d .  N a u k  S S S R  60

59 (1948).
„ J ®  Friedm an ' T - Kaneda, and J. W . Corcoran, J .  B io l .  C h ern ., 239, (2) B . A. A rbuzov and A . N . Vereshchagin, B u l l .  A c a d . S c i.  U S S R ,  936
2696 (.1964). (1964).
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moment studies2 on the compound isolated by the increased steric inhibition to chain transfer caused
Russians; the observed dipole moment for the Russians’ by the presence of two 0-chlorine atoms in radical 8
compound (mp 178—180 ) is 2.09 D, a value more in compared with only one 0-chlorine atom in radical 
agreement with structure 2. 10.9

The Diels-Alder reaction of tetrachloroethylene and 
anthracene yields three other compounds in addition to 1 -  — -  n— ►
1 and 2 plus large amounts of tars. Compounds 3 and (Phco2)r PhH
4 were synthesized in high yields from the ionic addition Cl^^Cl A'X
of chlorine to 2 in nitromethane (3 isomerizes to 4 " ' / ’j
when allowed to stand under these reaction conditions g + +
for longer periods of time; similar isomerizations
have been observed previously)3 while the free-radical '
addition of chlorine to 2 in carbon tetrachloride gives 1 6 trans-7
in quantitative yield.4 Treatment of 3 and/or 4 Cl . X I  C1 C1
with hydrogen in the presence of 10% Pd-C converts cls / j  N /
these compounds to 5. . n

If the Diels-Alder reaction is run at 210° for 2
days, one obtains the normal addition product 1 with ^ ^
only small amounts of side products; however, the 8 9
reaction occurs only to a small extent, and large
amounts of unreacted anthracene result. When the H . X 1
tetrachloride 1 is heated (neat) in a sealed tube at C1' r f
230° for 1 day, it is partially converted to 4. (When 
3 is heated under these conditions, it is >90%  con- 
verted to 4.) If this reaction is run in the presence of
anthracene, 5 also is observed among the products. 10
What appears to be happening is that 1 loses chlorine
at high temperature to give 2 which then undergoes Experimental Section13
ionic addition of chlorine to give the rearranged Preparation of ll,ll,12,l2-Tetrachloro-9,10-dihydro-9,l0-
chlorides 3 and 4. In the presence of anthracene, ethanoanthracene (1) by Diels-Alder Reaction with Anthracene, 
chlorine reacts to give 9 ,10-dichloro-9,10-dihydroan- 1n(0 a 2°-in- thick-walled glass tube were placed 20 g (0.11
thracene which would be expected to lose hydrogen mo/  of p,urnifi,ed 70 +of tetmchloroetbyleire (0.683

, , . , i / ,. c ^ 1 1 1 1 - 1  niol), and g of 4-i-butylpyrocatechol. The sealed tube was
chloride readily (accounting for the hydrogen chloride placed in a heater for 2.5 days with the temperature maintained
observed in this reaction; see Experimental Section) at 220-230°. Caution: Upon opening there may be pressure
to give 9-chloroanthracene.6 9,10-Dichloro-9,10-dihy- due to HC1 gas. The reaction solution was transferred to a
droanthracene might also act as a source of hydrogen 500-ml round-bottom flask with methylene chloride and the

, o , 1 j  n -  j  / . , -  TT7 1 volatile solvents were removed by rotary evaporation. To the
atoms for the reduction of 3 and/or 4 to 5. We have round-bottom flask were added 15.0 g (0.153 mol) of maleic
tested this by heating a mixture of 3 and 4 with 9,10- anhydride and 100 ml of p-xylene. The mixture was stirred at
dihydroanthracene (230°, 1 day) and find that 3 and 4 reflux for 4 hr after which the warm solution was filtered and the
are completely hydrogenolyzed to 5. Similar treatment p-xylene removed by rotary evaporation. The resulting crude
Of the tetrachloride 1 with 9,10-dihydroanthracene P « duf  was taken up in 200 ml of ether and extracted twice with

, . J  . 10U-ml portions of saturated sodium carbonate solution. The
apparently  also gives 5 , b u t th is reaction  yields a ether layer was dried over magnesium sulfate and the ether
large num ber of un identifiab le products. removed by rotary evaporation to give 18 g of crude oil.

The trichloride 5 also is produced in the reaction of 1 The crude product was placed, using a minimum amount of 
With tri-n-butyltin hydride (n-Bu3SnH) in refluxing carbon tetrachloride on a 5Tt chromatography column containing
, , c ,.  i 7 , j  . 400 g of Fischer silica gel. The column was eluted with 5%
benzene, a type of reaction known7 to proceed via a benzene-95% Skellysolve B. First off the column was 2 (3 g,
free-radical mechanism. The relative amount of 10%), mp 179-180°,5 followed by a mixture of l (3.8 g, 10%),
5 increases with increasing dilution of n-Bu3SnH, a mp 204-205°, endo-4-chloro-5,8,8-trichlorodibenzobicyelo[3.2.11-
fact consistent with a rearrangement8 of radical 8 octadiene (4) (3.4 g, 10%), mp 135-136°, and 5,8,8-trichlorodi-
tn the m ore stab le  benzvlic radical 0  followed b v  chain benzobicyclo[3.2.1]octadiene (5) (4.5 g, 15%), mp 124-125 .to  the m ore stab le  Denzyiic ram eal y louow ea oy cnain  There were traceg of ea;0-4-chloro-5,8,8-trichlorodibenzobicyclo-
transfer with n-B u sSn H  to give 5. Reduction of 1 [3.2. l]octadiene (3) {ca. 1% ), mp 147-148.5°, in the last fractions
with a relatively high concentration of n-Bu3SnH ----------------. . .  . -,TT1 — . -i. -i j j ., i -p. (9) Free-radical phenyl m igrations seldom have been observed in  b ridged
yields only 6 .  When 6 is allowed to react with t l - R U 3-  b icyc lic  systems,10 A  num ber o f free-radical add itions to  9 ,1 0 -d ihydro~9 ,1 0 -

SnH under these conditions, only trans-7 results, and ethenoanthranes have been reported,1112 b u t no products a ris ing  fro m  free-
no products arising from rearrangement are observed rearrangements were observed. We have investigated the  free-

r  radical additions or carbon tetrahalides to  a num ber of 11-substitu ted  9,10-
GVGn at high dilution. The fact that 8 rearranges dihydro-9,10-ethenoanthracenes and find  th a t extensive rearrangem ents o f
while the radical 10 does not is probably due to the the  in te rm edia te  radicals do occur and in  a ra the r stereoselective m anner.

These results w ill be reported shortly .
(10) S. J. C ris to l and G. W . N achtiga ll, J .  O rg . C h e m ., 32, 3727 (1967).

(3) S. J. C ris to l and B . B . Jarvis, J .  A m e r .  C h em . S oc., 88, 3091 (1966). (11) S. J. C ris to l, R . Caple, R . M . Sequeira, and L . O. S m ith , J r., J .

(4) T h is  in  fa c t proves to  be th e  best procedure fo r  obta in ing  1 or 3 and A m e r .  C h em . S oc ., 87, 5679 (1965).
4, since 2 can be made in  high yie ld  fro m  11,11,12-trichloroethanoanthra- (12) B . B. Jarvis, J .  O rg . C h e m ., 33, 4075 (1968).
cene b y  trea tm ent w ith  potassium  i-bu tox ide  in  d im e th y l sulfoxide.5 (13) M e ltin g  points were determined on a Fisher-Johns apparatus and

(5) B . B . Jarvis, P h .D . Thesis, U n ive rs ity  o f Colorado, 1966. are uncorrected. P ro ton  magnetic resonance spectra were measured in
(6) C are fu l w ork-up  of th is  reaction m ix tu re  does indeed yie ld  a sm all carbon te trach lo ride  solutions w ith  a V arían  A -60D  p m r spectrom eter w ith

am ount (isolated b y  glpc) o f 9-chloroanthracene. te tram ethyls ilane  ( r  10.00) as an in te rn a l standard. In fra re d  spectra were
(7) D . J. Carlsson and K . V . Ingo ld , J .  A m e r .  C h e m . S o c ., 90, 7047 (1968). measured in  carbon te trach lo ride  so lu tion  on a Beckm an IR -8  in fra red
(8) C. W a llin g  in  “ M olecu lar R earrangem ents/’ Vo l. I ,  P. de M ayo, E d., spectrometer. E lem enta l analyses were perform ed b y  D r. F . J. Kasler,

Interscience Publishers, Inc ., New  Y o rk , N . Y ., 1963 C hapter 7. U n ive rs ity  of M ary land.
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collected. All fractions were weighed and analyzed by thin layer (c) The pmr spectrum showed only anthracene and 5 present,
chromatography, pmr spectra, and ir spectra. All the above These were separated by chromatography over silica gel to give
products except 3 were isolated and their structures characterized 0.25 g (65%) of 5.
by pmr and ir spectra, melting points, and carbon-hydrogen (d) The pmr spectrum was similar to that of reaction b.
analyses. No attempt was made to isolate the products.

Outside the aromatic region, the pmr spectra show (a) for 1 a Reduction of 1 with Tri-n-butyltin Hydride (Dilute Conditions),
singlet (2 H) at r 5.14, (b) for 2 (vc-c at 1600 cm -1) a singlet (2 —To a solution of 0.5 g (1.45 mmol) of 1 in 50 ml of dry benzene
H) at r 5.03, (c) for 3 two singlets (1 H each) at r  5.43 and 4.61, at reflux was slowly added (under nitrogen) a solution of 0.411 g
(d) for 4 two singlets (1 H each) at r 5.44 and 4.31, (e) for 5 a (1.42 mmol) of tri-n-butyltin hydride and 40 mg of benzoyl
singlet (1 H) at r 5.44 and a pair of doublets (1 H each, J am = peroxide dissolved in 30 ml of dry benzene. Reflux was main-
16.5 Hz) at r 6.67 and 6.18. tained for 14 hr. A pmr spectrum was taken which indicated

Anal. Calcd for C:6H10C14 (1): C, 55.85; H, 2.93. Found: the presence of 1 (10% ), 6 (32%), 2 (ca. 1% ), 7“ (15% ), and 5
C, 55.58; H, 3.03. Calcd for CieHjoCh (3): C, 55.85; H, 2.93. (42% ). The solvent was removed and the oil placed on a chro-
Found: C, 55.87; H. 3.09. Calcd for CieHioCh (4): C, 55.85; matography column containing 25 g of Fischer absorption alu-
H, 2.93. Found: C, 55.83; H, 3.05. Calcd for Ci6HuCl3 (5): mina. The column was eluted with 3%  benzene-97% Skellysolve
C, 62.07; H, 3.58. Found: C, 62.09; H, 3.65. B . Partial separation was achieved by this method. First off

A similar reaction cf anthracene with tetrachloroethylene in a the column was a mixture of 2 and 5 followed by 2 and then a
sealed tube at 210° for 2 days gave large amounts of recovered second mixture of 1 and 6. The fractions collected were analyzed
anthracene (ca. 80% recovery). Anthracene was separated from by thin layer chromatography and pmr spectroscopy, 
the crude reaction mixture (via crystallization and the formation Reduction of 1 with Tri-n-butyltin Hydride (Concentrated
of the maleic anhydride adduct of anthracene), and a pmr Conditions).—A solution of 30 ml of dry benzene, 0.50 g (1.45
spectrum of the resulting mixture showed the presence of 1 with mmol) of 1, 0.67 g (2.3 mmol) of n-BuSnH, and 40 mg of benzoyl
only trace amounts of other products. Chromatography over peroxide were held at reflux (under nitrogen). After 11 hr at
alumina gave 1 in ca. 5%  yield. reflux thesolution was concentrated, and apmr spectrum indicated

Preparation of 3 and 4.—Dry chlorine gas was bubbled into a the presence of n-Bu3SnCl and a mixture of 61 (80%) and 712 
stirred solution of 10.0 g (36.6 mmol) of 2 in 50 ml of nitromethane (20% ).
until saturation was achieved. The reaction vessel was stoppered Reduction of 6 with Tri-n-butyltin Hydride.—Similar treat-
and wrapped in aluminum foil to prevent photoinitiated reactions ment of 6 with n-Bu3SnH either at high or low concentrations 
from taking place. The reaction progress was followed by the gave 7 as the only observable product, 
disappearance of the double-bond absorption (1600-cm“1 band)
in the ir spectrum. After standing at room temperature for 1 R egistry  N o .—Tetrachloroethylene, 127-18-4; an- 
day, a 50:50 mixture (by pmr spectroscopy) of the two epimers thracene, 120-12-7; 1,17189-63-8; 3,24162-33-2; 4,
3 and 4 resulted. The crude product, 7.5 g of oil, was crystallized 24118-59-0; 5 , 24118-60-3; 2 , 24162-34-3.
from ethanol to give 2.0 g (16% yield) of each epimer. 1 he low ’ ’ ’ ’
yield was due to the difficulty involved in separating the two . , , , , , TT . , , ,, , , r
epimers. The epimers could also be separated by chromatog- Acknow ledgm ent. -W e Wish to thank the donors of
raphy over silica gel (4 is eluted first with 5%  benzene in Skelly- the Petroleum Research Fund administered by the 
solve B ). American Chemical Society for support of this work.

Photochlorination of 2 to Give 1.—Dry chlorine gas was
bubbled through a solution of 1.0 g (3.36 mmol) of 2 in 20 ml of (15) S. J. C ris to l and N . L . House, J .  A m e r.  C hem . S oc., 74, 2193 (1952). ^
carbon tetrachloride until the solution turned deep green. The
reaction vessel was stoppered and set in the presence of a sun --------------------------
lamp for 5 hr, after which time the double bond absorption at the
1600-cm-1 band in the ir spectrum had disappeared. The carbon H a lo g e n a tio n  w ith  C o p p e r(II )  H a lid e s ,
tetrachloride was removed by rotary evaporation and the re- c  1 • f  n  /t\ tj • 1
maining oil crystallized from Skellysolve B to give 1.1 g (87% S y n th e s is  o t C o p p e r ^  H r o m id e -
yield) of 1, mp 204-205°. D iolefin  C o m p lexes

Preparation of 5.—The reaction vessel containing 3.0 g (8.7 
mmol) of a 50:50 mixture of 3 and 4 in 50 ml of ethanol was
placed in a Parr bomb hydrogenation apparatus and flushed W il l i a m  C. B a i r d , J r ., a n d  J o h n  H. S u r r i d g e

several times with hydrogen gas. The mixture was allowed to
react for 2.5 days at 40-psi hydrogen gas pressure. The catalyst Corporate Research Laboratories, Esso Research and Engineering 
was removed by filtration, and the ethanol was removed by Company, Linden, New Jersey 07036
rotatary evaporation to give an oil which was crystallized from
methanol to give 1.0 g (35%) of 5,8,8-trichlorodibenzobicyclo- Received October 27 1969
[3.2.1]octadiene (5), mp 124-125°. ’

Treatment of 1 and 3 and 4, under Diels-Alder Reaction
Conditions.—In 0.5-in. medium-walled glass tubes were sealed Copper(I) halide-olefin complexes have been pre- 
fa) 0.35 g of 1, (b) 0.33 g of 1 and 0.51 g of anthracene, (c) 0.43 pared by treatment of an ethanolic solution of copper-
gof a mixture of 3 (90% ) and 4 (10%) and 0.25 g of 9,10-dihydro- ( I I )  halide and olefin with sulfur dioxide.1 This
cene l^These'tubes w e  heated*’at S  hf a^ ih con ofllbath to  technif e, which is dependent upon the reduction of
1 day. The tubes were opened, and pmr spectra were taken of COpper(II) to copper(l) by sulfur dioxide, has been
the resulting dark colored mixtures. utilized for the preparation of both copper(I) chloride-

fa) The pmr spectrum showed 1 and 4 present in the ratio and bromide-olefin complexes. The synthesis of two
of 2 :1 , respectively. A trace of 3 also was discernible in the cop per(I ) bromide-olefin complexes has been described
pmr spectrum. Isolation by chromatography gave 0.19 g (54% ) . , . /  ,,  . ^ .
of recovered l and 0.10 g (29%) of 4. 111 whlch th e  presence of a reducing agent was not

(b) The pmr spectrum indicated the presence of l ,  4, and 5 required. The addition of norbornadiene2 or cis,trans-
but in admixture with a number of unidentifiable compounds. cyclodeca-l,5-dienel0 to a solution of copper(II) bromide
This mixture was worked up by chromatography over silica gel. dihydrate in ethanol led directly to the formation and
I  he tractions containing anthracene were combined and analyzed • • , r /T\ i - i
by glpc [5-ft column with 20%  SE-30 on Chromosorb W (60-80 Precipitation of the corresponding copper(I) bromide
mesh) at 200°]. The peak that corresponded to 9-chloroanthra- complexes. While it was apparent that a redox reac-
cene (ratio of anthracene to 9-chloroanthracene was ca. 20:1)
was collected and shown to be 9-chloroanthracene by ir and (1) (a) H - L ' Haight' J - R- D°yle. N- c - Baenziger, and G. F. R ichards,

mixture melting point with an authentic sample of 9-chloro- JTnore; Ch/ m- 2’ ‘301, (196^  f T
n  14 J r., J -  A m e r-  C h em . S oc., 85, 1009 (1963); (c) J. C . Trebellas, J. R . Ole-

acene. chowski, and H . B . Jonassen, In o r g .  C h e m ., 1818 (1965).
(2) E . W . Abel, M . A . Bennett, and G. W ilk inson, J .  C h e m . S oc ., 3178 

(14) D . C. Nonhebel, J .  C hem . S oc., 1216 (1963). (1959).
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tion between copper(II) bromide and olefin was oc- influence of copper ion coordination on the reaction is 
curring, the nature of the olefin oxidation product was significant.
not defined. It is known that the relative stabilities of metal ion

A reexamination of these complex forming reactions oxidation states are sensitive to complexation.6 While
has revealed that the reaction involved copper(II) in water the equilibrium of eq 2 would be completely in
bromide bromination of these diolefins to yield dibromo- favor of copper(II),7 coordinating solvents, or ligands,
and bromoalkoxy alkenes. The copper(I) bromide that tend to stabilize copper(I) relative to copper(II),
released during the bromination subsequently co- would shift the equilibrium of eq 2 toward molecular
ordinated with diolefin and separated as the stable . bromine. With transition metals possessing large 
copper(I) bromide-diolefin complex. Equation 1 il- numbers of d electrons, e.g. copper(I), stabilization is
lustrâtes the reaction utilizing norbornadiene; a similar favored by those unsaturated ligands capable of w
result was obtained with as,cfs-eycloocta-l,5-diene. bonding with the metal ion.6 Consequently, ligands

possessing such structural features as C = C , C s N ,  
C = 0 , P, etc. would be particularly effective for com- 
plexing and stabilizing copper© and hence promoting 

cH oh* y 7 -2CuBr + the dissociation of copper(II) halides. Several examples
v of this complexation-dissociation have been described.

(80%) Bromine has been isolated from solutions of copper(II)
k—Br k bromide in acetonitrile, a strong ligand for the stabiliza-

+ (1) tion of lower valent transition metal salts.8'9 The free
f X halogen and tribomide ion have been detected spectro- 

Y - B r  (\07) ^ ^ B r  photometrically in solutions of copper(II) bromide in a
Y = OCH3 (32%) Y =  Br (\1%) variety of coordinating organic solvents.10 Olefins have

3 Y = OCH3 (41%) been converted nearly quantitatively to vicinal dibro-
moalkanes in a few minutes at 25° by copper (II) bro
mide in acetonitrile and other complexing solvents.11 

While the ability of copper(II) halides to halogenate j n addition, styrene and butene-2 have reduced solu- 
carbonyl compounds and polynuclear aromatics had tions of copper(II) chloride in methanol and acetoni- 
been previously demonstrated,3 the halogénation of trile at 100°.12
olefinic and acetylenic bonds by these salts has been The ability  ̂ of coordinated copper(II) halides to 
described only relatively recently.3,4 These particular function as selective halogenating agents for simple
reactions involved refluxing methanolic solutions of olefinic unsaturation would appear real. The scope of 
copper(II) bromide and unsaturates for 3-100 hr; these reactions has been studied; the synthetic utility
yields of brominated products ranged from 8 to 100%. and mechanistic interpretations of this chemistry will
A kinetic analysis of the copper(II) bromide bromina- be presented in future papers, 
tion of allyl alcohol indicated that the reaction proceeded
through the thermally induced dissociation of copper- . ,
(II) bromide to molecular bromine (eq 2 )d. lhe

Nmr spectra were recorded on a Varian Associates A-60 spec
trometer using tetramethylsilane as an internal standard. Ir 

2CuB i'2 ~  — 2CuBr +  Br2 (2) spectra were measured on a Beckman IR-5A and a Beckman
IR-20 spectrophotometer. Glpc was carried out on a Perkin- 
Elmer 154D fractometer. Preparative glpc was performed on a 

reaction  was driven to  com pletion b y  th e  rem oval of th e  Varian Aerograph Autoprep Model A-700. All reagents were
equilibrium concentration of bromine by the unsaturated obtained from ccmmercial sources and were used as received

\  Reaction of Norbornadiene with Methanolic Copper(II) Bro-
SUbStrate. mide.—A solution of 890 mg (4 mmol) of anhydrous copper(II)

Since the reactions of norbornadiene and cycioocta- bromide in 5 ml of methyl alcohol was added with stirring at 
diene occurred rapidly at room temperature, it may be room temperature to a solution of 920 mg (10 mmol) of norborna-
argued that in these cases the dissociation of the copper- diene in 10 ml of methanol. A white precipitate formed im-
(II) salt (eq 2) is promoted by the removal of copper© mediately The precipitate was removed by filtration, and was 
'  ' '  . ' , , t , washed with methanol. The complex was dried over calcium
bromide Via stable complex formation With Oleim. chloride in a norbornadiene atmosphere; the yield of norbornadi-
has been observed, however, that simple monoolefins enedi[copper(I) bromide] was 600 mg (79.5% ). 
are also readily brominated at room temperature by Anal. Calcd for C7H8Cu2Br2: C .22 .18 ; H, 2.13; Br, 42.17. 
methanolic copper(ll) bromide. Even though the Found: C, 19.59; H, 2.12; Br, 44.88. The stability of the

copper(I) W ide complexes of these olefins are rela- “ nh S S ï ï ' b "  "on .  2 m x  0.25 » .
tively labile under these conditions,6 the consumption oi diethylene glycol succinate column at 140° and 150-ml/min 
both copper© bromide and bromine by olefin provides helium flow and was shown to contain the following compounds:
a driving force for the reactions. In any event it is 3-bromo-5-methoxynortricyelene (11.0 min from air, 41% );
apparent that methanol-copper(II) bromide solutions ezo,8̂ -5-methoxy-7-bromonorbornene-2 (13.0 mm, 32% ); 3,5-

contain an active brominating agent whose generation
is  not dependent upon thermal treatment a n d  t h a t  t h e  (6) H . J. Emeleus and J. S. Anderson, “ M odern Aspects of In o rg an ic

C hem is try ,”  Routledge and Kegan Paul L td ,, London, I960, C hapter 6.
(3) C. E . Castro, E . J. Gaughan, and D , C. Owsley, J .  O rg . C h e m ., 30, (7) L . Pauling, “ College C hem istry ,”  W . H . Freeman and Co., San F ra n -

587 (1965), and references cited therein. cisco, C alif., 1951, p 554. „ „ „
(4) C. E . Castro, ib id . ,  26, 4183 (1961). (8) R - A - W alton , Q u a rt.  R ev. (London), 19, 126 (1965).
(5) F o r a discussion of th e  fo rm ation  constants and heats of fo rm a tio n  fo r  (9) J. C. Barnes and D . C. Hum e, In o r g .  C h e m ., 2, 444 (1963).

various co pp e r(I)-o le fin  complexes, see J. M . H arv ilchuck, D . A . Aikens, (10) W . Schneider and A . V. Zelewsky, H e lv . C l a m .  A c ta ,  46, 1848 (1963).
and R. C, M u rra y , Jr. I n o r g .  C h e m . ,  8, 539 (1969) ; see also ref lb .  Copper- (11) W . C. Ba ird , Jr. unpublished results
(Il)-o le fin  complexes have not been described. (12) M . Asscher and D . Vofsi, J .  C h e m .  S a c . .  1887 (1963).
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dibromonortricyclene (22.0 min, 17% ); eso,s?/n-5,7-dibromo- Some Transform ations of
norbornene-2 (28.5 min, 10% ).13 The products were identified _ , ,
by comparison of their glpc retention times with those of authentic 1-M etnyl-l-dicnlorom ethyIcycIonexane
samples obtained by the addition of bromine to norbornadiene Derivatives
in carbon tetrachloride and in methanol.14 The composition of 
the product mixture in the latter solvent was identical with that
reported above. E r n e s t  W e n k e r t , P e t e r  B a k t jz is , a n d  F o r t u n a  H a v iv

Reaction of Cyclooctadiene-1,5 with Methanolic Copper(II)
Bromide.—A solution of 15.0 g (0.067 mol) of copper(II) bro- Department o f Chemistry, Indiana University,
mide in 75 ml of methanol was added dropwise at room tempera- Bloomington, Indiana 474-01
ture to a stirred solution of 11.0 g (0.102 mol) of cyclooctadiene-1,5
in 30 ml of methanol over a period of 30 min. A white precipitate Received December 12 1969
appeared after a few minutes. The complex was separated by
filtration and was washed with methanol and pentane. The . .
complex was dried over calcium chloride in a cyclooctadiene at- Recent studies on the chemistry of cyclohexadienones
mosphere to give 13.3 g (80.5%) of bis[cyclooctadiene-eopper(I) l 1 and 22 yielded interesting tangential data which are

“ ''C lo d  fo , ,C ,H „C„Br),; C, 38.18; H. 4.81; B r, t " " " * 1
32.76. Found: C, 38.26; II , 5.14; Br, 33.70. 0

The complex is identical in structure with that of the corre- / = \  CH3 ft— \ ,CH3
sponding copper(I) chloride complex.113 q —/ V  f f  V

The reaction filtrate was poured into 200 ml of water and ex- \ = /  uHC12 \ = /  'CHC
tracted with rc-pentane (three 150-ml portions). The pentane j  2
extracts were combined and dried over magnesium sulfate; the
solvent was removed on a rotary evaporator to give 6.7 g of 4-Dichloromethyl-4-methylcyclohexanone (3a), the
colorless oil. Analysis by glpc (1 m X 0.2o in. 5%  polypropylene , , ■ , ' ,,
glycol, 150°, 110-ml/min helium flow) showed in addition to some product of hydrogenation of 1. was converted to the
unreacted cyclooctadiene the following mixture: 5-bromo-6- dichloride 3b by Wolff—Kishner reduction of its semi-
methoxycyclooctene (2.2 min, 4.6% ); 5,6-dibromocyclooctene carbazone, to the olefin 4a by a Bamford-Stevens

0 unid- ntified compounds at 7.6 min (7.2% ) reduction of its tosylhydrazone, and to the ketal 3c by
and 9.2 mm (32.4% ). A o-g sample of the product was chro- , r
matographed over 75 g of acid-washed alumina. Elution with treatment with ethylene glycol and acid. Exposure of
pentane provided a sample of 5,6-dibromocyclooctene of 95% each of the products to sodium ethylene glycolate in
purity (glpc). ethylene glycol led to the ethylene acetals 3d, 4b, and

AnaL Calcd for CsHi2Br2: C, 35.85; H, 4.51; Br, 59.64. 3e, respectively, whose acid hydrolyses gave aldehydes
oun . ,35 .87 , , 4.48^ Br, o9.54. 3 f ,3 4 c ,4 and 3g, respectively. Oxidation of these
The nmr spectrum (CDC13) had the following pattern: 8 ’ ’ ■ 7  - i  .  T  , 1  .

5.68 (rn, 2, = C H ), 4.97 (m, 2, BrCH), 1.83-3.00 (m, 8, CH2). aldehydes yielded acids 5a,34d,6 and 5b,6 respectively. 
Hydrogenation of the olefinic dibromide over 10% palladium on
charcoal in ethanol consumed 3 mol of hydrogen/mol of dibro- /— \ CH3 /— v ,CH3 /— \ CH3
mide and yielded cyclooctane; this result indicated that no trans- Y = X  X  \  X  Y = X  X
annular addition reactions had occurred. \----/ 'QHZ2 ^— / 'R  \— / 'C 02H

Continued elution of the column with 10% ether-pentane ,  v  = n- 7 =m  a o _ r n n  c v  = h
permitted the recovery of the two compounds of long retention ,}a’ * i  4a, K — OHCl2 5a, 1 n 2
time. The nmr spectrum (CDCI3) indicated a mixture of poly- b, Y —H2;Z —Cl b, R =  CH(OCH2)2 b, Y =  0
brominated cyclooctanes; these materials were not characterized c, Y =  (OCH2)2; Z =  Cl c, R =  CHO
further. The addition of bromine to cyclooctadiene in methanol d, Y = H2; Z2 =  (OCH2)2 d, R = C02H
produced a product mixture similar to that previously described; e, Y = Z2=(OCH2)2
the composition was 9.8%  bromo ether, 31.4% dibromocyclo- f Y = H ’ Z = 0
octene, and 59%  polybrominated material. ’ 2’ 2

Reaction of Cyclohexene with Methanolic Copper(II) Bro- g, Y = Z2 = 0
mide.—A solution of 8.2 g (0.1 mol) of cyclohexene and 23.0 g
(0.1 mol) of copper(II) bromide was stirred at room temperature T h e  acety lation , a consequence of tw o consecutive 
for 1 hr. The copper(I) bromide (12.9 g, 90% ) was separated by chloride displacem ents or chlorocarbene form ation ,

Edition, and subsequent chloride displacement, 
and the combined pentane extracts were washed with water and represents a crucial step Oi an unusual method of con-
dried over magnesium sulfate. The solvent was removed on a struction of quaternary carboxyl functions. While the
rotary evaporator to give 10.2 g of product. Glpc analysis mechanism of the acetylation was not determined, the
(2 m X 0 .2 o  in. 20% diethylene glycol succinate, !2 5 0, 200-ml/ first step prot0n abstraction, of one of the alternate
min helium flow) showed the product to be a mixture of lrans-1- ,, ,7 , , , , ,
bromo-2-methoxycyclohexane (4.5 min, 25% ) and irons-1,2- Pattl3> th e  carbene route, was shown to be operative,
dibromocyclohexane (9.0 min, 75% ). Samples of the individual Under the reaction conditions the dichloride 3b under
compounds (>95%  pure by glpc) were obtained by preparative went deuterium exchange, whereas its acetal 3b did not.
glpc (12 ft x  Vs in. 20% FFA.P15 column, 175°, 120-ml/min As a follow-up of a study of hydrogenation of dienone
heliumtlow). 1 he irons-dibromide was identical with an authen- 0 2  ___ „r o  , •, , , ■, • ,.
tic sample. The bromomethoxycyclohexane (n20D 1.4874; lit. -^Y^ri(i e reductions of 2 and its  hydro d eriv ativ es
n20D 1.488416), had the following nmr pattern: d 2.74-4.50 (m, 2, were undertaken. T h e  form ation  of a  single alcohol (6) 
CHO, CHBr), 3.33 (s, 3, CH30 ) , 0.75-2.50 (m, 8, CH2). on red uction  of th e  dienone w ith  sodium  borohydride

Anal. Calcd for CqHtsBrO: C, 43.54; H, 6.78; Br, 41.39. in  ethanol has been reported  a lread y .2 H yd rogenation
Found: C, 43.95; H, 7.00; Br, 41.16. J  &

(1) E . W enkert, F. H av iv , and A . Ze itlin . J .  A m e r .  C h em . S oc., 91, 2299
Registry No.— 5,6-Dibromocyclooctene, 24165-06-8. (1969).

(2) E . W enkert, P. Bakuzis, R . J. Baum garten, D . D oddre ll, P. W . Jeffs,
(13) The isomeric nortrieyclene derivatives were n o t resolved under these C. L . Leicht, R . A. M ueller, and A. Yoshikoshi, ib id . ,  92, 1617 (1970).

glpc conditions. The reported to x ic ity  of these m ateria ls discouraged a (3) W . Parker and R . A. Raphael, / .  C h em . S oc., 1723 (1955).
detailed analysis of the reaction products. (4) H . Pines, R . J. P av lik , and V . N . Ip a tie ff, J .  A m e r .  C h em . S oc ., 73,

(14) S. W instein  and M . Shatavsky, C h em . I n d .  (London), 56 (1956). 5738 (1951).
(15) V arian  Aerograph, W a ln u t Creek, C a lif. (5) T . In u k a ia n d  M . Kasai, J .  O rg . C h e m ., 30, 3567 (1965), and references
(16) S. W inste in  and R. B . Henderson, J .  A m e r .  C h em . Soc., 65, 2196 cited therein.

• (6) M . R ub in  and H . W ishinsky, J .  A m e r .  C h em . S oc., 68, 338 (1946).
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of the alcohol afforded a saturated carbinol (7) which of orientation of the plane of the aromatic ring to the
proved to be the major of two epimeric products of dipole axis of 3b in the complex responsible for the
lithium aluminum hydride reduction of the saturated solvent-induced shifts. Both solvents would be ex
ketone 9. The stereochemistry of these alcohols, 7 and pected to be proximate to the positive end of the dipole.
8 (and, hence, of 6 also), was assigned as pictorialized on While, however, the benzene plane should be as nearly
the basis of their ease of elution on column chromatog- perpendicular to the dipole axis as possible, thus placing
raphy and the nature of the proton magnetic resonance the hydrogen of the dichloromethyl group into the
(pmr) signal of their hydroxymethine functions. On shielding zone of the aromatic ring,8 the pyridine plane
the assumption of the prevalence of cyclohexane chair may lie on the dipole axis and have its nitrogen oriented
and equatorial dichloromethyl conformations in deu- toward the acidic dichloromethyl hydrogen, thus
teriochloroform solutions of the alcohols, the axial placing the latter in the deshielding zone of the aromatic
hydroxyl group of 7 would be expected to make this nucleus. The minimal effect of benzene on the dichlo-
cyclohexanol elute more rapidly than its epimer 8 and romethyl groups of compounds 7 and 8, AS =  0.01 and
display a smaller half band width of its hydroxymethine 0.07, respectively, contrasted to that of substance 3b,
multiplet than 8. These expectations were in con- may be due to alcohol-benzene hydrogen-bond com-
formity with observation, the spectra revealing half- plexes being present in lieu of or in addition to the dipole
band widths of c a .  7  and 15 cps and hydroxy singlets for complexes.
alcohols 7 and 8, respectively. Lithium aluminum hydride reduction of 2 in ether

solution at Dry Ice-acetone bath temperature produced 
H, .OH Hv OH ketone 10 and dienol 11a, while similar reduction at

/—A -C H s _cil / —\  ,,0H2 salt-ice bath temperature led to these products in
\  X  \  X  3 \  X  minor amounts in accompaniment with the diene lib  in

CHCl2 CHClz CHC12 major quantity. Reduction at room temperature in
7 8 tetrahydrofuran solution gave some diene l ib  and

__P  __P  alcohol 6, but mostly ketone 10. Reduction of 10 with
/  V /ch3 /  \>CH3 lithium aluminum hydride afforded alcohol 6 exclusively.
\  /  'CHCf, \ = / schc12 Oxidation of the dienol 11a with manganese dioxide

9 10 reverted it to the dienone 2, and hydrogenation trans
formed it into the saturated alcohol 7 and some ketone 

Comparison of the pmr spectra of deuteriochloroform 9. The liquid diene l ib  was characterized as its
and deuteriopyridine solutions of cyclohexanols 7 and 8 maleic anhydride adduct 12 whose stereochemistry was
was expected to yield data of value for stereochemical determined by analysis of its pmr spectrum and that of 
diagnosis.7 The axial hydroxyl group of 7 is close to its dihydro derivative, 
the equatorial dichloromethyl group but distant from
the methyl substituent, in consonance with a AS value H O H CH3 1,4 1,2
(i.e., 5Cdci3 -  5Cidsn in ppm) of - 0 .4 9  for the dichloro- ^—^ YCH CHC12 \ \ Ch3
methyl moiety and merely —0.01 for the methyl unit, /  V '  3 O ll J  * ^ ^ ^ = 0
whereas the equatorial hydroxyl group of 8 is proximate \ = /  CHC12 ) | V ^  \
to both vicinal substituents, in agreement with —0.53  O H CHC12
and —0.12  values, respectively. Since, however, the 11a, Y=OH 12 13
polar dichloromethyl group itself introduces a solvent b, Y = H.
shift, A5 =  —0.37 for the chlorohydrocarbon 3b. and ,. u ,  ,, , r .’ , , , , . , , . , ... , , I he diverse results of the reduction of 2 by lithiumsmce solvent shifts of neighboring substituents prob- , . , , . ,  , , . ,. ,  , , 0 ,, . -n  aluminum hydride can be explained on the basis of theably are not additive, doubt is cast upon the significance . ... , ,r . f ,, ., c  ,, , .

c f .  .  ... , ,  W  initial reaction occurring at the site of the carbonylof the aforementioned values (table 1). , . , ,. . ,N 2 group and the primary reduction intermediate either
surviving, undergoing carbon-oxygen bond scission,9 or

T a b l e  I suffering double-bond isomerization and even experienc-
A r o m a t ic  S o l v e n t  S h i f t s  ing further reduction, the last two procedures con-

Com pd G roup c d c u  CsDsN  CsD6 ceivably taking place during aqueous work-up.10 The
7 Me 1.10 1.11 0.94 most interesting features of the chemical reductions

CHCb 6.01 6.50 6.00 were the preponderant formation of axial alcohols in the
8 reactions of ketones 2, 9, and 10, and the high stereo-
, 2 „ selectivity of especially the first and third processes.3b Me 1.11 1.06 0.96 J  •

CHCb 5 63 6 00 5 24 these observations can be interpreted most readily m
terms of the reactant-like transition-state model of 
Felkin for ketone addition reactions.11 The following 

The striking difference of the effect of benzene (AS =  can be offered as rationale for the transformation of
0.39) on the dichloromethine chemical shift of com- ketone 2 into a single cyclohexadienol (11a) and for the
pound 3b from the effect of pyridine (A5 — —0.37) contrasting liberation of a c a .  3 :2  mixture of stereo
points to dissimilar solute-solvent interactions ot the
two aromatic solvents. I t  probably reflects a difference (8) t . Ledaai, ibid., 1683 (1968).

(9) C f.  M . P. Cava and K . N arasim han, J . O rg . C h e m ., 34, 3641 (1969).
(7) (a) A . C. H u itr ic , J. B . C arr, and W . F. Träger, J .  P h a rm .  S e i. , 55, (10) D . I .  Schuster, J. M . Palmer, and S. C. D ickerm an, ib id ., 31, 4281

211 (1966); (b) P. V. Demarco, E . Farkas, D . D oddre ll, B . L . M y la r i, and (1966); J. A . M arshall, N . H . Anderson, and A . R . H ochstetler, ib id., 32,
E . W enkert, J .  A m e r .  C h em . S oc ., 90, 5480 (1968), and references the re in ; 113 (1967).
(c) C. R . N arayanan, N . R . Bhadane, and M . R. Sarma, T e tra h e d ro n  L e t t . ,  (11) M . Chores!, H . Fe lk in , and N . P rudent, T e tra h e d ro n  L e t t . ,  2199
1561 (1968). (1968); M . Ch^rest and H . Fe lk in , ibid., 2205 (1968).
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isom eric cyclohexadienols in  the hydride red uction  of refluxed for 2 hr. The mixture was distilled, taken up in ether,
6 - m e th y l-6 - a lly l-2 ,4 -cy cl0 hexadien0 ne . 12 T h e  bulky, d™ d. and evaporated. Filtration of the oil through a short

_ *r _ . J  J  „ _ , , ,  , j  i  alumina column and distillation gave 300 mg of liquid 4a: bp
polar d ichlorom ethyl group of 2 would be expected  to  45-46° (1.7Torr); infrared (neat) C = C  6.01 (w) pmr <5 1.12
assum e a quasiaxial stan ce  in  order to  m inim ize non- (s> 3̂  Me), 1 .6 -1 .8 (m, 2, methylene), 1.9-2.2 (m, 4, allyl H’s),
bonded in teractio n s w ith its  neighbors and d ip o le- 5 .6 -5 .8 (m, 2, olefinioH’s), 5.70 (s, l ,  CHC12).
dipole repulsions. H ence b oth  steric  and electron ic ^  CsHl2Cl2: c> 53,63; H> 6 -7 0 . Found:

facto rs  inv ite  hydride a tta c k  on 2 from  th e  m eth y l side ^  Ethylene Acetals.—A solution of sodium ethylene glycolate,
of th e  nu clear plane (cf. 13). T h e  lack  of significant from 1 .3  g of sodium, and 540 mg of 3 b in 20  ml of ethylene glycol
steric  or electronic d issim ilarity  of m eth y l and a lly l was refluxed under nitrogen for 20 hr. The cooled mixture was
groups leads to  lowered d irectional d iscrim ination  in th e  diluted with 200 ml of water and extracted with hexane. The
hydride reduction of th e  cyclohexadienone contain ing  extract was dried, concentrated, filtered through a short alumina
., . , ... , „  7  column, and evaporated. Purification of the residue by gas
these  a -a lk y l substitu ents. T h e  powerful po lar e ffect chromatography on a Carbowax 20M column gave 320 mg of
of th e  d ichlorom ethyl group is illu strated  strik ingly  in  liquid 3d [pmr s 0.90 (s, 3, Me), 1.2-1.7 (m, 10, methylenes),
th e  1,4 addition reactions of 2  w ith G rignard  reagents. 3.88 (s, 4, oxymethylenes), 4.50 (s, l ,  oxymethine)], which was
D esp ite  th e  absence of steric  facto rs, th e  nucleophile used as such in further experiments.
shows preference for th e  m ethyl side of th e  nearly  The same reaction for 48 hr and the same work up was earned 

1 . , , J  J  out on 360 mg of 4a. It  produced 150 mg of liquid 4b [pmr
p lan ar substance (cf. 13). > 5 0.92 (s, 3 , Me), 1.3—1.7 (m, 2, methylene), 1.7-2.2 (m, 4,

allyl H ’s), 3.89 (s, 4, oxymethylenes), 4.61 (s, 1, oxymethine),
_  . . , „ .. 5.6-5.7  (m, 2, olefinic H ’s)], which was used as such in furtherExperimental Section • ,experiments.

Melting points were determined on a Reichert micro hot stage A similar reaction for 48 hr and a similar work-up was per-
and are uncorrected. Infrared spectra were obtained on Perkin- formed on 1.92 g of 3c. I t  led to 650 mg of liquid 3e [pmr 5
Elmer Model 137 and 137B spectrophotometers. Proton mag- 0.95 (s, 3, Me), 1 .5 -1 .8 (m, 8 , methylenes), 3.89-4.01 (m, 8 ,
netic resonance spectra of deuteriochloroform solutions (unless oxymethylenes), 4.58 (s, 1, oxymethine)] which was used as
otherwise noted) containing tetramethylsilane (S 0 ppm) as such in further experiments.
internal standard were taken on Varian Associates Model A-60 Aldehydes. Treatment of acetal 3d with acid and 2,4-di-
and HA-100 spectrometers. Solvent-shift studies were carried nitrophenylhydrazine yielded an aldehyde derivative. Crystal- 
out on 3%  solutions. lization from methanol gave 3f 2,4-dinitrophenylhydrazone, mp

4-Dichloromethyl-4-methylcyclohexanone (3a).—A mixture 154-155° (lit.3 mp 154-155°).
of 1.91 g of ketone 1 and 200 mg of 10% palladium-charcoal in A solution of 80 mg of acetal 4b in 3 ml of a 50% aqueous di-
15 ml of ethyl acetate was hydrogenated at atmospheric pressure oxane solution of 1 0 % sulfuric acid was kept at room tempera-
and room temperature. Upon cessation of hydrogen uptake the ture ior 12 hr. Sodium bicarbonate was added, and the mix-
catalyst was filtered and the filtrate evaporated. Crystalliza- ture extracted with chloroform. The extract was dried and
tion of the residual oil from hexane gave 1.90 g of ketone 3a: evaporated. The residual oily aldehyde, 50 mg, was converted
mp 44-46°; infrared (Nujol) C = 0  5.85 (s) n; pmr 5 1.40 (s, into a derivative. Crystallization from ethanol gave 4c semi-
3, Me), 5.83 (s, 1, CIIC12). carbazone, mp 170° (lit.4 mp 170-172°).

Anal. Calcd for C8Hi2OCl2: C, 49.25; H, 6.20. Found: Acetal 3e, 100 mg, was hydrolyzed in the same manner as 4b
C, 48.96; H ,5 .99. and the crude ketoaldehyde 3g [infrared (CC14) aldehyde CH

Its semicarbazone was crystallized from ethanol (mp 191- 3.70 (w), C = 0  5.80 (s) /r] was used immediately for oxidation
193°). to an acid (vide infra).

Anal. Calcd for C9Hi5ON3C12: C, 42.85; I I , 5.95; N, Acids.—A mixture of 100 mg of 3d and 1 ml of Jones reagent
16.64. Found: C, 42.81; H ,6 .17; N, 16.65. in 2 ml of acetone was stirred at room temperature for 30 min.

Its p-toluenesulfonylhydrazone was crystallized from aqueous I t  was extracted with ether; the extract was dried and evaporated, 
ethanol (mp 158-160°). Sublimation of the residual oil, 70 mg, gave 1-methylcyclohexane-

Anal. Calcd for C16H20O2N2SCl2: C, 49.58; H, 5.51. carboxylic acid (5a), mp 36-38° (lit. 3 mp 37-38°).
Found: C, 49.54; H .5 .79. A mixture of 50 mg of aldehyde 4c, 100 mg of sodium hydroxide,

4-Dichloromethyl-4-methylcyclohexanone Ethylene Ketal (3c). and 80 mg of silver nitrate in 3 ml of dioxane and 7 ml of water
—A solution of 970 mg of ketone 3a, a few crystals of p-toluene- was stirred at 0° for 24 hr. The precipitate was filtered, and the
sulfonic acid, and 340 mg of ethylene glycol in 50 ml of benzene filtrate was acidified and extracted with chloroform. The ex-
was refluxed for 1 2  hr, while water was being removed azeo- tract was dried and evaporated. Sublimation of the residual
tropically. Upon addition of sodium bicarbonate the cooled oil, 30 mg, gave l-methyl-3-cyelohexenecarboxylic acid (4d):
mixture was extracted with ether. The extract was dried over mp 77-79° (lit .5 mp 78-79°), mmp 78°; infrared spectrum identi-
sodium sulfate and evaporated. Crystallization of the solid cal with that of an authentic sample.
residue, 850 mg, from hexane yielded ketal 3c: mp 99-100°; Crude 3g was treated with 2 ml of Jones reagent at 0° for 5
pmr 5 1.15 (s, 3, Me), 3.96 (s, 4, oxymethylenes), 5.72 (s, 1, min. Work-up as above yielded 35 mg of oil whose sublimation 
CHC12). led to 4-carboxy-4-methylcyclohexanone (5b): mp 79-81° (lit .6

Anal. Calcd for C10H16O2Cl2: C, 50.21; H, 6.69. Found: mp 78-79°); pmr 5 1.42 (s, 3, Me).
C, 50.41; H ,6 .56. Deuterium Exchange.—The above acetylation of 3b was

1-Dichloromethyl-l-methylcyclohexane (3b).—A mixture of carried out in O-deuterated ethylene glycol14 for 24 hr, and
20.5 g of 3a semicarbazone and 13.0 g of potassium hydroxide in starting material was separated by gas chromatography. Its
500 ml of diethylene glycol was refluxed for 4 hr. The cooled pmr spectrum revealed all signals characteristic of 3b except that
mixture was diluted with water and extracted with ether. The at 5.68 ppm. A 48-hr “acetalation” of 3d in O-deuterated
extract was dried and evaporated. Filtration of the residual oil ethylene glycol gave 3d unchanged.
through a short alumina column and distillation yielded 11.0 g Lithium Aluminum Hydride Reductions.—A mixture of 1.00 g
of liquid 3b: bp 55° (1.7 Torr); pmr & 1.11 (s, 3, Me), 5.68 of 2-methyl-2-dichloromethylcyclohexanone (9)2 and 200 mg of
(s, 1 , CHC12). lithium aluminum hydride in 100 ml of ether was stirred at room

Anal. Calcd for C8Hi4C12: C, 53.04; H, 7.74. Found: temperature for 2 hr. Sodium sulfate decahydrate was added
C, 52.88; H, 7.65. and the mixture was shaken thoroughly and filtered. The fil-

4-Dichloromethyl-4-methylcyclohexene (4a).—A mixture of trate was washed with water, dried, and evaporated. Chroma-
640 mg of 3a p-toluenesulfonylhydrazone and sodium ethylene tography of the residue on silica gel and elution with benzene
glycolate, from 1.2 g of sodium, in 15 ml of ethylene glycol was yielded 625 mg of an oil whose distillation [bath temperature
-----------------  80° (0.2 Torr)] and sublimation [45° (0.1 Torr)] gave alcohol

(12) H .-J. Hansen, B. S utter, and H . Schmid, H e lv . C h im . A c ta , 51, 828 7 ' 111P 43—44 , infrared (Nujol) OH 2.85 (m) fi, pmr 8 3.85
( 1 9 6 8 ). (m, 1 , oxymethine).

(13) C f.  D . M . S. Wheeler and M . M . Wheeler, J .  O rg . C h e m ., 27, 3796 ------------------------
(1962), and references therein. (14) D . J. C ram  and B. R ickborn, J .  A m e r .  C hem . S oc., 83, 2178 (1961).
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Anal. Calcd for C8HU0C12: C, 48.75; H, 7.16. Found: could be obtained on crystallization from benzene-petroleum
C, 48.91; H, 7.22. ether. Recrystallization from benzene yielded 1 2 : mp 146-

Continued elution with benzene led to 159 mg whose distilla- 146.5°; infrared (Nujol) C = 0  5.38 (w), 5.46 (w), 5.64 (s) y;
tion [bath temperature 80° (0.2 Torr)] gave alcohol 8 : mp pmr S 1.37 (s, 3, Me), 1.4-1.7 (m, 2, methylene), 3.0-3.7 (m,
41-42°; infrared (Nujol) OH 2.91 (m) p ,  fingerprint region vastly 4, methines), 5.42 (s, 1, CHC12), 6.2-6.5 (m, 2, olefinic H’s).
different from that of 7; pmr 5 3.85 (m, 1, oxymethine). Anal. Calcd for C12H12O3CI2: C, 52.38; H, 4.39. Found:

Anal. Calcd for C8H140C12: C, 48.75; H, 7.16. Found: C, 52.53; H, 4.31.
C, 48.73; H, 7.12. Analysis of the pmr spectrum of the first mother liquor showed

A mixture of 1.00 g of ketone 10 and 0.38 g of lithium alumi- it to contain predominantly 12  but also some of its isomer epi-
num hydride in 10 0  ml of ether was stirred at 0° for 1 hr. Work- meric at the methyl-substituted site: pmr S 1.18 (s, 3, Me),
up as above gave 970 mg of alcohol 6 , mp 61-62°. 5.63 (s, 1, CHCI2).

A mixture of 270 mg of alcohol 6 and 50 mg of 10% palladium- A mixture of 100 mg of 12 and 10 mg of 10% palladium-char-
charcoal in 5 ml of ethanol was hydrogenated at room tempera- coal in 5 ml of ethyl acetate was hydrogenated at room tempera
ture and atmospheric pressure. Usual work-up yielded 270 mg ture and atmospheric pressure. The mixture was filtered and
of alcohol 7, mp 43-44°. the filtrate evaporated. A benzene solution of the residue, 100

A solution of 5.00 g of ketone 2 in 10 ml of ether was added mg, was passed through a Florisil column and evaporated. Sub-
over a 1 ,5 -hr period to a suspension of 500 mg of lithium aluminum limation [80° (C.l Torr)] of the residue yielded dihydro-12: mp
hydride in 50 ml of ether under nitrogen in a Dry Ice-acetone 161-162°; infrared (Nujol) C = 0  5.37 (m), 5.63 (s) p; pmr ¡5
bath. The mixture was stirred for 3 hr, 3 ml of methyl formate 1.31 (s, 3, Me), 5.82 (s, 1, CHCI2).
added, and the stirring continued for 30 min. After the mix- Anal. Calcd for C12H14O3CI2: C, 52.00; H, 5.09. Found: 
ture was warmed to 0°, 1 ml of wrater and 1 ml of 10% sodium C, 51. 98; H, 5.22.
hydroxide solution were added and the mixture was filtered. r,48o o o o o  • c
The filtrate was washed with 5% sodium bicarbonate solution Registry No. 3a, 24463-33-0; semicarbazone ot 
and with water, dried, and evaporated. Crystallization of the 3a, 24463-34-1; p-toluenesulfonylhydrazone of 3a,
residue from 5 ml of 3 : 1  hexane-benzene yielded 1.74 g of 10. 24463-35-2; 3b, 24147-13-5; 3c, 24463-37-4; 3d,
Chromatography of the mother liquor on Florisil and elution 24463-38-5; 4a, 24463-39-6; 4b, 24463-40-9; 5b,
with petroleum ether gave 0.87 g more of 10. Elution with 3 .1  0 4 4 .no 41 0 - 9 4 4 A9  49 1 • 7  9 4 4 fi9  4 Q 9 . o 9 4 4 AQ
petroleum ether-benzene led to 1.64 g of a solid whose sublima- 244bd -41-0 , 6 , 2 4 4 b d -4 4 -l, 7 , 444b d -4d -^  8 , 444bd-
tion [45° (0.1 Torr)] yielded dienol 11a: mp 57-57.5°; in- 44-3; 11a, 24463-45-4; l i b ,  24463-46-5; 12, 24463-
frared (Nujol) OH 3.01 (s) p; pmr 5 1.21 (s, 3, Me), 4.09 (m, 1, 47-6; dihydro-12, 24463-48-7.
oxymethine), 5.95-6.15 (m, 4, olefinic H ’s), 6.23 (s, 1, CHC12);
pmr (pyridine) 5 1.27 (s, 3, Me), 4.20 (m, 1, oxymethine), Acknowledgment.'— The authors are indebted to the
5.85-6.10 (m, 4, olefinic H’s), 6.64 (s, l, CHC12). Eli Lilly and Co. for support of this work.

Anal. Calcd for C8HI0OC12: C, 49.76; H, 5.23. Found:
C, 49.64; H, 5.24. _ --------------------------

A mixture of 88 mg of 1 la  and 600 mg of manganese dioxide in
75 ml of ether was stirred at room temperature for 3 hr and then Io d o n iu m  S a lts  f r o m  O r g a n o lith iu m  R e a g e n ts  
filtered. Evaporation of the filtrate gave 86 mg of the dienone
2 . w ith  tra n s -C h lo ro v in y lio d o so  D ic h lo rid e 1,2

A mixture of 70 mg of 11a and 10 mg of 10% palladium-char
coal in 5 ml of ethyl acetate was hydrogenated at room tempera- p Marshall B eringer and R ichard A. Nathan
ture and atmospheric pressure. After cessation of hydrogen up
take the mixture was filtered and the filtrate evaporated. A , .  , ,
benzene solution of the residue was passed through a column of Department of Chemistry, Polytechnic Institute o f Brooklyn,
silica gel and evaporated. Pmr analysis of the residual mixture, Brooklyn, A ew York 11201
64 mg, showed it to consist of 90% alcohol 7 and 10% ketone
9 . Received, October 16, 1969

A solution of 13.6 g of ketone 2 in 40 ml of tetrahydrofuran was
added over a 10-min period to a suspension of 1-95 g of lithium The a j m j-|le present work was to adapt a recently
aluminum hydride in 140 ml of tetrahydrofuran under nitrogen.
The mixture was stirred for 0.5 hr, sodium sulfate decahydrate reported synthesis of diaryhodomum salts3 to the syn-
then added, and the mixture filtered. The filtrate was dried thesis of iodonium salts having one or two heterocyclic,
and evaporated and the residue chromatographed on Florisil. alkyl, or bicycloalkyl groups, according to the follow-
Elution with petroleum ether yielded 500 mg of liquid diene l ib :  j  gghgmg
infrared (GHCh) C = C  6.01 (s), 6.12 (m) p; pmr S 1.20 (s, 3, &
Me), 2.38 (q, 2, J  = 18.0, 2.5 cps, methylene), 5.4-6.0 (m, 4, +
olefinic H ’s), 5.66 (s, 1, CHCh). I t  was characterized as a H IC1. H I — R
maleic anhydride adduct {vide infra). Elution with 20:1 petro- y ,__ /  RLi  ̂ y  q'  q -  —UiCl̂
leum ether-ether gave 7.6 g of ketone 10, while elution with a /  \  —LiCl /  \  R'Li
4:1 mixture afforded 1.2 g of alcohol 6. Cl H Cl H

A solution of 5.00 g of ketone 2 in 10 ml of ether was added 
over a 30-min period to a suspension of 500 mg of lithium alumi- r  R'
num hydride in 50 ml of ether at ca. —5°. The mixture was j
stirred for 30 min, 1 ml of 10% sodium hydroxide solution added, H \
and the mixture filtered. The filtrate was washed with sodium \  __ /  \  -H C =cy +
bicarbonate solution and with water, dried, and evaporated. } '  C K v'"
Distillation [45° (0.5 Torr)] of the residue yielded 1.86 g of a _Ct H
mixture, shown by gas phase chromatography (SE-30 column)
to consist of 90% lib  and 10% io. Chromatography of the Di-2-thienyliodonium and phenyl-2-thienyliodonium

« t o  previousjy obtained by direct electrophilic sub- 
ether led successively to 338 mg of 10 and 1.08 g of a complex stitution of thiophene, were prepared m 72 and 38 /o  
alcohol mixture whose distillation [75° (0.4 Torr)] afforded 577
mg Of a mixture shown bv manganese dioxide oxidation {vide U> SuPP°rte d in T u  N a tio n a l Science Foundation  G ra n t No. G P -

6  . . . . 4rv~  , 4425 to  F . M . B . and b y  Am erican Chem ical Society Petro leum  Research
supra) to contain ca 40%  dienol 1 la Fund G ran t No. 231 to  R. A . N .

Anhydride 12. A solution of 340 mg of diene l ib  and oou (2) Taken £rom  the d i8sert atio n  of R . A. N athan  su bm itted  in  p a rt ia l
mg of maleic anhydride in 1 ml of benzene was refluxed for 48 fu lf il lm e n t o f the  requirem ents fo r  th e  P h .D . degree, 1969. 
hr and then evaporated. Chromatography of the residue on (3 ) p .  m . Beringer and R . A, N athan, J .  O rg . C h e m ., 34, 685 (1969).
Florisil and elution with 4 :1  benzene—petroleum ether gave 215 (4 ) F . M . Beringer, H . E . Bachofner, R . A. Fa lk , and M . Leff, J .  A m e r.

mg of a mixture of Diels-Alder adducts from which 120 mg of 12 C h em . Soc., 8 0 , 4279 (1958).
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yields, respectively, by the reaction of 2-thienyllith- 80°), at which time the heat was removed, and gentle reflux was
ium with irans-chlorovinyliodoso dichloride and phe- maintained (about 82°) by regulating the rate of addition of the
nyl(irans-chlorovinyl)iod0nium chloride. alky! hal’,de- f ter tkif addit|°«> the mixture was heated over

night under reflux. The cooled reaction mixture was filtered 
r,—n _  r,—* r—, through sintered glass under argon. Titration of aliquots from

% y — Li ¿rems-ClCH—-CfflCl2> ^  y __j __ / \ different runs showed a variation from 60 to 90%  in the yield of
S 02%) X S/  neopentyllithium. Neopentyl bromide gave much lower yields,

about 10%.
H I—Ph Di-2-thienyliodonium Iodide and Di-2-furanyliodonium Io-

(38%) 'S'c=c'/  (F3CC02)3i dide.—These reactions were carried out at Dry Ice-acetone tem-
c /  \ H F3CC02h I40® peratures as described3 for diphenyliodonium iodide, except that

■ ■ they were terminated immediately upon warming to room tem
perature . Work-up was rapid, and all salts were stored below 0 ° . 

[T~\ + r — \ s n—\ Di-2-thienyliodonium iodide was obtained in 72% yield, mp 131—
(  /hI(0Ac)2,F3CC02H ¡y y  136° dec, lit .4 135-136°.

s  v r  / 0%%) g Di-2-furanyliodonium iodide was similarly obtained in 86%
yield, mp 114^116° dec.10

By this method it has been possible to prepare for Anal. Calcd for C8H6O J2: C, 24.77; H, 1.56; I ,  65.43. 
the first time an iodonium salt from furan. The mixed Found: C, 24.92; H, 1.45; 1 ,65.36.

Phenyl(2-thienyl)iodonium chloride was prepared as described 
fl ^ irans-ClCH=CHlCl2 f/ ^ + [/  ̂ previously for phenyl-l-r.aphthyliodonium chloride 3, except that
^  y — Li (86<i!) s, — I— \  y  it was worked up immediately upon reaching room temperature,

O 0  0  giving 1.6 g (38%), mp 149-150.5° dec, lit.4 140-141°.
» , . , , , j  Attempts to Prepare Alkyliodonium Salts.—The unsuccessful

iodonium chloride-bromide, isolated as soon as the reactions of various alkyl- and perfluoroalkyllithium reagents
reaction mixture warmed to room temperature, could with irans-chlorovinyliodoso dichloride and phenyl((ra?is-chloro-
not be successfully recrystallized, but metathesis to vinyl jiodonium chloride were run like the successful preparations 
the iodide gave a pure salt. Attempts to prepare diaryliodonium salts.3 With these salts neopentyllithium
phenyUS-fijranyOloUomum salts from phenyl(2-chloro- “ 7 ^ “
vinyl)iodonium chloride with 2-furanyllithium were chloride and iodide (trace) along with iodobenzene.
unsuccessful. . When l-bicyclo[2.2.1]heptyllithium was alllowed to react with

Pyridyliodonium salts could not be prepared by the ¿raras-chlorovinyliodoso dichloride, while no solid was formed, vpc 
use of 2-pyridyllithium with the iodoso and iodonium confirmed the presence of both bridgehead iodide and chloride

j. ti. • i - i  , ,, , (ratio of ca. o : l ) .  Presumably, the bridgehead iodide results
reagents. It is not known whether the difficulty lay from nucieophilic addition of the bicycloheptyl group to iodine in
m an inherent shortcoming of the synthesis or in the the iodoso or iodonium reagent.
instability of 2-pyridyliodonium salts. Reactions of phenyliodoso dichloride and of phenyl(iraras-

In attempts to form iodonium salts with one or two chlorovinyljiodonium chloride with 1-cyclohexenyllithium were
bonds to Sp8 carbon, the same iodoso and iodonium +epqually u“ essfuL In the latter reaction quenching at low

, l . , , . , , . temperature with magnesium bromide etherate, with triphenyl-
reagents containing the ¿rans-chlorovmyl masking boron, and with methanol, in an attempt to help break the
group were treated with neopentyllithium and with chlorovinyliodine bond, was also unsuccessful. In all three cases
l-bieyclo[2.2.1]heptyllithium but gave no iodonium phenyl(iraws-chlorovin,yl)iodonium chloride was recovered.

salt. Also, unsuccessful were reactions using vinyl- Registry No. —¿rans-Chlorovinyliodoso dichloride, 
lithium, 1-cyclohexenyllithium, 1-perfluoroheptyllith- 24472-17-1; di-2-furanyliodonium iodide, 24472-18-2.
ium, and d,.i,.)-tritluoropropyriyllithiurn; the causes
of these failures are not known. (10) Previously unknow n compound.

(11) J. Dehn, Jr., P h .D . D issertation, Polytechnic In s titu te  of B ro o k ly n , 
1964Experimental Section

Analyses were performed by Schwarzkopf Microanalytical 
Laboratories, Woodside, N. Y . Gas chromatography was done
on 6-ft columns, packed with 20% SE-30 on Chromosorb W R e a c tio n s  o f  l ,l -B is ( tr if lu o r o m e th y l)a lk e n o ls
(DMCS-treated), with an Aerograph 1520-A gas chromatograph. • o • a ‘a
Melting points5 were taken in capillary tubes on a Thomas- rlC C1
Hoover apparatus and corrected.

Neopentyllithium.—Since the low-temperature (10°) synthesis V ic t o r  A. P a t t is o n

of neopentyllithium6'7 could not be repeated, a new procedure at
higher temperature8 was developed. A 250-ml round-bottom Research Department, Hooker Chemical Corporation,
three-necked flask equipped with a septum cap, reflux condenser, Niagara Falls, New York 14302
and pressure-equalizing addition funnel was flushed well with 
argon, flamed, charged with 8.0 g of lithium dispersion9 and 80
ml of benzene, and kept under a positive pressure of argon. Neo- Received. February 4, 1969
pentyl chloride (21.32 g, 200 mmol) in 40 ml of benzene was
placed in the addition funnel. After approximately 20% of the We have recently had an interest in the preparation 
alkyl chloride solution had been added, the temperature was 0f fluorinated monomers, including l,l,l-trifluoro-2-
raised slowly to the point of exotherm (usuallv between 75 and a ’a  ,, , „ . , . . y , ,-------------- - ‘ 1 J ana trinuoromethyl-2,4-pentadiene. At least two attempts

(5) The technique invo lved  in  ta k in g  m e lting  points of iodonium  salts to prepare this or similar compounds have appeared
I .  L ilhen, G. M asullo , M . M ausner, and E . Sommer, J .  Amir. C h em . Sac “  t h e  llteratUreA2 Plakhova and Gambaryan2 re-
81, 342 (1959). ported the preparation of l,l,l-triffiioro-2-trifluoro-

(7) H  r 'i i t r 'T 1 Aaud f ' r 'r  nrien’ w (,1,98f)% ,, T, methyl-2,'4-pentadiene by the phosphorus pentoxide or(7) H. (jriim an, H . A. Beel, C. G. Brannen, M . W . B u llock , G. E . D un n , i  < • c 1  -% i  • ^  ,
and l . s. M ille r, ib id . ,  7i, 14 9 9  (1 9 4 9 ). sulfuric acid dehydration of l,l-bis(trifluoromethyl)-l-

(8) I I .  G ilm an, F. W . M oore, and O. Baine, ib id . ,  63, 2479 (1941). buten-3-ol, but this WOrlv m a y  be in doubt (vide in fra ).
(9) A  dispersion of li th iu m  conta in ing 0.5%  sodium  in  m inera l o il. Due

to  the  nonhom ogeneity of the  dispersion the  exact am ount o f m eta l in  the  (1) M . H . Kau fm an  and J. D . B rown, / .  O rg . C h e m ., 31, 3090 (1966).
reaction m ix ture  was unknow n. The am ount used, however, was in  excess (2) V. F. P lakhova and N . P. Gam baryan, B u l l .  A c a d . S c i U S S R  D iv
of sto ich iom etry. CAem. S « „  4, 681 (1962).
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. This paper presents a ready method for the prepara- + rH ypp, y .nH. H \ / \ /C F3
tion of l,l,l-trifluoro-2-tnfluoromethyl-2,4-pentadiene RCHCH2CH2C(CF3XCF2X)OH (4)
(1) and also, in poor yield, of l-chloro-l,l-difluoro-2- R' 0  CF,X
trifluoromethyl-2,4-pentadiene (2). c

Mixtures of the isomeric l,l-bis(trifluoromethyl)-
alken-l-ols are obtained in good yield by either the The ^trahydrofuran derivative is obtained m all 
thermal reaction or the aluminum chloride catalyzed c^ es except with the propylene adduct (R =  H) which
reaction of 1-alkenes with hexafluoroacetone. A sim- affords butadiene derivatives (eq 3). In the case
ilar reaction takes place with ehloropentafluoroacetone. where R is H, the unfavorability of a pnmary car-
With the thermal reaction, only the cis and trans bomum ion minimizes this reaction path and permits
isomers of the 3-alken-l-ols are obtained, while with oxyge*  Protonation and dehydration of the butadiene
the aluminum chloride catalyzed reaction the product to predominate. .
mixture contains a preponderance of the 2-alken-l-ol. With the facile preparation of 1 we have made a 
Typical reactions give mixtures as shown in eq 1 and 2 .3 cursory examination of a few reactions to determine

reactivity and to serve as a chemical structure proof to 
supplement physical methods.

erm a re a c  ion  i 50o

(CF3)2C = 0  +  RCH2CH =CH 2 — >■ Polymerization

("  > = S - < O H .C H ,C H = 0 (CF.,.

Hydrogenation
A1C13- c a ta ly z e d  re a ctio n  H2 ■ P d-C

(CF3)2C = 0  +  RCH2CH =CH 2 — 1 CH3CH2CH2CH(CF3)2
— 2°°

RCH=CHCH2C(CF3)2OH +  RCH2CH =CH C(CF3)2OH (2) Reaction with n-butyllithium 
cis, 8% ; trans, 34% cis, 0% ; trans, 58%  | 3

C .H .L i CF^=C H
With R  =  H, distillation from sulfuric acid yields 1 or 1 ----------> c= C
2. Compound 2 (X  =  Cl) is isolated as a mixture of /  \

H CH2C4H9

C3H5C(CF8)(CF2X)OHÎ > ’ Details may be found in the Experimental Section.
(X = F or Cl) A Structures have been proven by elemental analysis

CH2= C H C H = C (C F3)(CF2X ) (3) and by infrared and nmr spectroscopy.
l) X = F; 2, X = Cl As mentioned earlier, Plakhova and Gambaryan2

reported the preparation of 1 by a several-step syn- 
cis and trans isomers identified by nmr data. With thesis. They give elemental analyses, a boiling point
R  pi H starting material is recovered, decomposition of 65°, and an indication that polymerization could
occurs, or the alkenols cyclize to tetrahydrofuran not be effected under a variety of conditions. No
derivatives. Results with several adduct mixtures further proof of structure is offered except for the
are shown in Table I. method of synthesis. Our findings are that 1 boils at

70-72°, but, more importantly, the high-molecular- 
Table j weight polymer is obtained readily using standard

_ t, , , techniques. In view of these discrepancies we have
S u l f u r i c  A c id  attempted to repeat their preparation.

Triphenylphosphineacetylmethylene was prepared 
RCH2CH=CHC(CF3)(CF2X)OH j an(j flowed to react with hexafluoroacetone to give a

A / H2S04 good jdeld of 4,4-bis(trifluoromethyl)-3-buten-2-one
/ — >  product (3 ) .2-4 Compound 3 is reportedly reduced to 4,4-bis-

RCH=CHCH2C(CF3)(CF2X)OH| (trifluoromethyl)-3-buten-2-ol (4) using lithium alu-
B / minum hydride (0.50 mol, inverse addition) and iso-

Product <7 lated as an ether azeotrope (bp 125°). On repeating
r c h = c h c h =  t h f  this reaction as closely as possible we obtained only

Run r  x  [A ] / [B ]  C (C F »)(C F 2X ) deriv , c« 5,5-difluoro-4-trifluoromethyl-4-penten-2-ol ( 5 ) ,  bp
1 H F 6/4“ 59 5 124-126°. When a stoichiometric amount of lithium
2 CH3 F  6/4“ 0 68
3 C3H, F  6/4“ 0 87 9  . 9 F3 9 H

5 H HU Cl 6/4“ 6 ^  (CF3)2C=CHCCH3 CF2= C C H 2CHCH3 (67%)

6 H F  0/106 61 0 3
7 CH3 F  0/10" 0 71 alum inum  hydride was used, th e  follow ing product

“ Equation 1. b Equation 2. c Equation 4. m ixture resulted.

0.25 LiA lEU
(3) (a) V . A . Pattison, J .  O rg . C hem ., 34, 3650 (1969); (b) N . P. Gam - 3 --------------- >  3 +  (CF3)2C=CHCHOHCH3 +  S

baryan, El. M . R okh lina , and Yu. V. Zeifman, B u l l .  A c a d . S c i.  U S S R , D iv .  (33%) 4 (21%)
C h em . S c i. ,  8, 1425 (1965); (c) H . R . Davis, Abstracts, 140th N a tio n a l (\ 2 °7 )
M eeting of the  Am erican Chem ical Society, Sept 1961, Chicago, 111., Paper v /

N o. 53, 25 M .;  (d) I .  L . K nunyan ts  and B. L . D y a tk in , B u l l .  A c a d . S c i.  ------------------------
U S S R , D iv .  C h em . S c i. ,  2 , 329 (1962). (4) F. Ram irez and S. Dershowitz, J .  O rg . C h e m ., 22, 41 (1957).
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These data suggest that reduction of 4  to 5 is com- H- The Thermal Reaction. The reaction was carried out as 
petitive with reduction of 3 to 4. It is difficult to ^  inflthe literatureS by*  n „ • AC and hexafluoroacetone in a sealed tube at 150 for 16 hr.
rationalize the reported yields of 4 using 0.5 mol of Reagents used are given as follows in the order, yield, boiling 
lithium aluminum hydride. point, and product composition.

Dehydration of the ether azeotrope from reduction of Propylene and hexafluoroacetone: 82% ; 94-95°; 100% 1,1-
3 is th e  reported  final step  in  th e  prep aration  of 1. bis(trifluoromethyl)-3-buten-l-ol (lit.3̂ 97-98°).

i r i  , j  u u j  +: r e  1-Butene and hexafluoroacetone: 74% ; 117-119 ; 20 % cis-
We have attem p ted  th e  sulfuric acid d ehydration of 5, l j l ,bis(trifluoromethyi).3.per1ten-i-ol and 80% im ns-l.l-bis-
w hich we obtained  under th e  reported  red uction  con- (trifluoromethyl)-3 -penten-l-ol.3a
ditions, to determine if a product corresponding to III. Reactions of l,l-Bis(trihalomethyl)alken-l-ols in Sulfuric 
the reported l,l,l-trifluoro-2-trifluoromethyl-2,4-pen- A<dd. l,l-Bis(trihalomethyl)alken-l-ols from the AICl3-Cata-
tadiene would obtain. There was only extensive d ^ e®cti°n °fw1: Â enes1 a?,d H^ahaloacetone ( - 60% 2-
, , ,. T , , ,, ,. J  , Alken-i-ol and 40%  3-Alken-l-ol).—The procedure is, m general,

degradation. In our hands the reaction sequence does similar to that with the l,l-bis(trifluoromethyl)buten-l-ols below
not lead to the reported compounds, and we can and consists of dissolving the alcohol in sulfuric acid and heating
neither confirm the work nor suggest alternative at ca. 1 0 0 ° while distilling product (under vacuum if needed), 
products l,l-Bis(trifluoromethyl)buten-l-ols.-—The mixture of isomeric

alcohols prepared (above) by the aluminum chloride catalyzed 
reaction of propylene and hexafluoroacetone (272 g, 1.3 mol) was 

Experimental Section5 dissolved in 400 ml of sulfuric acid and heated at 100-110°; 150
T , , n> /. .. * .. .. , . g (59%) of essentially pure l,l,l-trifluoro-l-trifluoromethyl-2,4-
I . Preparation of l,l-Bis(trihalomethyl)alken-l-ols. AlCls- pentadiene was distiUed (bp 70-72°). The infrared spectrum

Catalyzed Reaction of 1-Alkenes and Hexahaloacetone.-The showg yi l CH (3100)> C= C H 2 (1630), and C = C (C F 3)2 (1660
procedure for the preparation of the alkene-hexahaloacetone ad- cm- i )> while aiiphatic CH absorption is absent (2800-3000
ducts is already described for the reaction between hexafluoro- cm-i) . The iH nmr spectrum shows only vinyl protons as corn-
acetone and propylene3 and consists of allowing a cold ( - 3 0  ) lex at 6.5-7.1 ppm (area =  2), 5.6 (1), and 5.9 (1). The
mixture of 2 mol of propylene 1 mol of hexafluoroacetone and 19p trum shows a pair of quartets at _ i 4 .5 and _ 20.6 ppm 
a catalytic amount of AlCh m 1 1. of pentane to warm slowly to ( J  = ? Hz). Anal. Calcd for C6H4F 6: C, 38.34; H, 2.35;
0 and then stirring for 2 hr. F , 60.12. Found: C, 38.11; H, 2.26; F , 59.97.

The reagents used are given as follows m the order yield, The t  temperature was then raised to 220» yieiding a product
boding¡ point and product composition. which on redistillation afforded 15 g (5 % ) of l,l-bis(trifluoro-

Propylene and hexafluoroacetone: 72% ; 97-100°; 60% „iethyl)tetrahydrofuran (bp 106-107°). The infrared spectrum
1,1-bis tnfluor°methyl;-2-buteri- -°1, 3%  m -l,l-b iS(trifluoro- cJ 8/ateBt, showing no OH, vinyl CH, C = C  absorption. The
buten^1 ' S  ' % imns-1 ’1 -bls(tnfiuoromethy1)-3- 3H nmr spectrum shows two protons at 4.10 ppm (triplet, J  = 6

U 6I1' 1-Butene and hexafluoroacetone- 79<V- 114-117°- 5W  Hz) and four protons as a complex multiplet at 2.0-2.5 ppm, while 
. i nutene ana nexanuoroacetone /y/c 114 117 , 5 9/c t h e  u p  s p 6 c tr u m  sh ow g  a  singie p e a k  a t  _ 0 .2  ppm. Anal.
trans-l;l-bis(tnflUOromet,h}d)2 -Penten-l-0l 8 % cm- U - bis(tn- Calcd for C8H6F60 :  C, 34.87; H, 3.03; F , 54.77. Found: C,
fluoromethyl)-3~penten-l-ol, and 33%  ¿rans~l,l~bis(trifluoro- 34 62* H 2 91* F  54 76
methyl)-3 penten-l-ol. 1-Trifluoromethyl-l-chlorodifluoromethylbuten-l-ols.—A mix-
Coro 1 4. -a ,, , , 7 , ,, , „ , ture of the isomeric alcohols prepared (above) by the aluminum
50% -tnfluorome hy - -cMorodifluoromethy -2-buten-l-o , 40% chloride catalyzed reaction J prPopyIene and chloropentafluoro-
i n T  a M acetone (22.4 g, 0.10 mol) was dissolved in 90 g of sulfuric acid

(fnr m' t rol P  î ri f ° p 1«  P l^ n  ^ p  w "o'ftQ and heated at 100° (50 mm) yielding a dark oil which on washing
S  C6HeClF50 : C, 32.53; H, 2.69. ^  water and redis\ ilIing ¿ ? orded 1 .2  g (6 % ) of l-chloro-l,l-di

1-Hexene md hexafluoroacetone: 79% ; 150-153°; 50% J u o r ^ t r i f l u o r o « ^
iranS- l ,2 -bis(trifluoromethyl)-2 -hepteml-ol, 1 0 % m -l,l-b is(tri- frared ^  2 (1®00)'
fluoromethyl)-3-hepten-l-ol, and 40% tram--U -b is trifluoro- and C = C (C F 3)(CF2C1) (1660 cm >). The proton nmr spectrum
met hyl )-3-hepten-1 -ol .7 Anal, (for mixture). Calcd for C9H12- f 0WS ^ n  f  n T  f  ^
F 60 :  C, 43.21; H, 4.72. Found: C, 43.24; H, 4.91. area = 2 >-j5‘8 (,1}* and 5 '9  Tbe ^ nmr sPectrum shows

1-Octene and hexafluoroacetone: 64% ; 119-124° (70 mm); *hat the 18 “  equimolar mixture of cis and.tram  isomers.
60% irans-i, 1 -bis(trifluoromethyl)-2-nonen- 1 -ol, 10% cis- 1,1-bisI Tbe Tans-l-chloro-1 l-difluoro-2-trifluoromethyl-2,4-pentad.ene
(trifluoromethyl)-3-nonen-l-oI, and 30% im«S-l,l-bis(trifluoro- f  a tnfluoromethy group at -1 4 .0  ppm as a pure triplet 
methyl )-3-nonen-l -ol ,8 Anal, (for mixture). Calcd for C„H16- “ d CF2C1~ group at -3 7 .7  ppm as a quartet ( J  =
F 60  (mixture): C, 47.49; H, 5.78. Found: C .4 7 .6 0 ; H, 7 Hz) split shghtly (co  ̂1 Hz by the irons vmyl proton3) The
c c o  cts isomer shows the trifluoromethyl group at —20.7 ppm [triplet
___________  (/ = 7 Hz) of doublets (/ = 1 Hz)]. The CF2C1- appears as a

,„  ... , ... . . , T , . pure quartet ( J  = 7 Hz) centered a t —26.5 ppm. Anal. Calcd(5) All boiling and melting points are uncorrected. Infrared spectra were rAr n n  qk on- TT 1 TTrvnrvrl- f  ‘ZA Q*7 * TT o in
obtamed as films or Nujol smears using a Perkin-Elmer Model 337 spectro- f°r C6H4C Fs- C ,j35.00, H 1.94. Found: C, 34.97; H, 2.10
photometer. Nmr spectra were obtained using a Varian Associates Model l,I-BlS(tnnuoroniethyl)penteil-l-oIs, -hepten-l-OlS, and
Ha-ioo spectrometer using chloroform as solvent and TMS as internal stan- -nonen-l-ols.—The reactions of these materials were carried out
dard. For fluorine spectra trifluoroacetic acid was used as an external in the same manner as with the buten-l-ols above. The starting
standard. Spectra were run using field frequency lock at 94.1 MHz using a material used are given as follows in the order product, yield,
modification described by Douglas.6 Spectra at both frequencies are ac- boiling point, and spectroscopic data.
curate to ± 0.02 ppm. Gipc work was done on an F & m  Model 720 gas l,l-Bis(trifluoromethyl)penten-l-ols: l,l-bis(trifluoro-
Chr°nmao h p “T *  “ ^  f T  ^  Car!>°'vax 20M on methyl)-4-methy]tetrahydrofuran, 68% , bp 115-117°, m“ dChromosorb P packing. Molecular weights were determined by one of two , QQ/m ' rp, J  , ■ c , , .V
methods depending on the magnitude of the value. For polymer in the h 3340' T.he " mr a?d lnfrared sPectra are identical with those
range of 5000 (Mn) the Mechrolab membrane osmometer, Model 501, was th e  p r e v io u s ly  a u th e n tic a te d  m a te r ia l. a
employed. Values greater than 50,000 were determined with a Mechrolab I,l-Bis(trifluoromethyl)hepten-1-Ols: l,l-bis(trifluorO-
vapor pressure osmometer. Elemental analyses were performed by Huff- methyl)-4-propyltetrahydrofuran, 87% , bp 67%  (30 mm). The
man Laboratories Inc., Wheatridge, Col. infrared and nmr spectra are consistent with the latter described

(6) A. W. Douglas, Abstracts of papers presented at the 7th Experimental as follows: HCO, 4.2 (complex); -(C H 2)2-  1.2-2.5 (complex);
” r,c ™feren“ ' f itt8bure.1\> Pa-  Feb 1960. CH3_ 0 91 ppm (tripletj J  = 7 Hz). Anal. Calcd for C9H12-
\ ( )  in e  p roduct com position is based on the  glpc scan which shows three t? n *  P  9 ft* TT A  S i • TT ¿e c j  * r 1 4 9  0 4 . u

peaks in the ratios shown and by analogy with the product mixture from 4 Ro. p  4f 7 i ’ ’ 8 ' F ’ 4o'57‘ Found‘ C . « .2 4 ,  H,
propylene and hexafluoroacetone or 1-butene and hexafluoroacetone for ^.Sd, i , 40.14.
which the exact compositions have been determined.  ̂ ____________

(8) The product composition is based on the 19F nmr scan which shows
three peaks in the ratio shown a t -1.8, -1.6, and-0.8  ppm. Assignments (9) J. W. Emsley, J. Feeney, and L. H. Sutcliff, “High Resolution Nuclear
are based on the analogy to the products from the reaction of 1-butene and Magnetic Spectroscopy,” Vol. II, Pergaznon Press Inc., Elmsford, N. Y,, 
hexafluoroacetone for which the exact composition has been determined.*“ 1966, p 913.

2098 J . O rg . C h em ., V o l. SB , N o . 6, 1970 Notes



a r ,^ ^ u 1^ to^ UJ >r0f le&y^?mne? ’ 1 "1°ISA 1 ’1^ 1S t̂riflu0r0metliy1)" with 5 % hydrochloric acid and drying over sodium sulfate, the
4-pentyltetrahydrofuran, 72% bp, 184 . The infrared and nmr solvent was removed from the product by careful distillation,
spectra are consistent with the latter described as follows: HCO, The residue was distilled to yield 6 .3  g (67% ) of 5  5-difluoro-4-
4.2 complex); -(C H 2)2 ;, 1 2 -2 .4  (complex); CHS-  0.89 ppm trifluoromethyl-4-penten-2-ob The infrared spectrum Tow s 
(triplet, J  7  Anal. Calcd for CuHI6F 60 :  C, 47.48; OH absorption (3500 cm-1) and also C = C F 2 (1740 cm-1). The
D ’ 5 -7 , hound: O, 47.83; H, 5.56. nmr spectra are described below.

V. l,l-Bis(trifluoromethyl)-3-alken-l-ols from the Thermal
Reaction of 1-Alkenes and Hexafluoroacetone.—Reactions were aCF3 F b
carried out in a manner identical with those above. The 1 , 1 - \  /
bis(trifluoromethyl)-3-buten-l-oIs gave a 61%  yield of 1 , 1 , 1 - /C=C\
trifluoro-2-trifluoromethyl-2,4-pentadiene while the l,l-b is(tri- CH3CHOHCH; \>r
fluoromethyl)-3-penten-l-ols yielded 71% l,l-bis(trifluoro- a b d c
methyl )-4-methyltetrahydrofuran.

VI. Reactions of l,l,l-Trifluoro-2-trifluoromethyl-2,4-penta- (8, ppm): a, 1.25 (doublet, /ba = 6  Hz); b, 3.95 (complex);
diene (1). Polymerization. In Bulk.-—A mixture of 1.90 g c, 2.3 (complex); d, 2.30. 19F  (0 , ppm): A, —17.84 (two dou-
(0.10 mol) of 1 and 0.010 g of benzoyl peroxide was placed in a blets, /ba =  10 Hz, /ca =  20 Hz); B , —2.28 (broad multiplet);
vial, flushed with nitrogen, and heated at 60° for 6 6  hr. After C> + 0 -18  (broad multiplet). Anal. Calcd for C6H,F60 :  C,
distilling excess monomer in vacuo the residue (0 .5  g, 25% ) had a 37.91; H, 3.60. Found: C, 37.77; H, 3.69.
molecular weight of 4500. The infrared spectrum shows ali- Using 0.25 Mol of LiAlH4.—The reduction was carried out as 
phatic CH (2800-3000), vinyl CH (3000-3100), and C = C (C F 3)2 5~.°Xe u*ing O'4 " 5  g ( ° - 0 12 5  mol) of lithium aluminum hydride.

' (1680 cm“1). These characteristics and the absence of other Distillation gave 6.5 g of product, bp 118-134°. Glpc analysis
C = C  absorption indicate that polymerization occurs to a large (8-ft_ silicone grease column) showed the product yield to be
extent across the less substituted double bond by 1 ,2  addition. starting material, 33% ; 5,5-difluoro-4-trifluoromethyl-4-penten-

In Emulsion.—A mixture of 11.8 g (0.06 mol) of 1 , 3 4  ml of 2_o1’ 21% ; 4,4-bis(trifluoromethyl)-3-buten-2-ol, 12%. The
water, 0.060 g of potassium persulfate, and 0.36 g of Duponol first two materials were identified by comparison of the glpc re-
(surfactant) was placed in a vial, flushed with nitrogen, and tent-ion times and infrared spectra with those of the respective
heated at 50-60° with vigorous stirring for 20 hr. Evaporation authentic compounds. A sample of the third was obtained by
of the water yielded 7.9 g (67%) of a clear, tough polymer having preparative scale glpc techniques. The infrared spectrum is con-
a molecular weight of 83,000. The infrared spectrum is similar sistent, showing OH (3500 cm 1) and C = :C(CF3)2 (1680 cm“1)
to that of the polymer from the bulk reaction. absorptions. Tne nmr spectra are described below.

VII. Hydrogenation.—Diene 1 (48 g), 50 ml of acetic acid,
and 0.5 g of 5%  Pd-C were placed in a Parr apparatus and hy- * r u n u  PP
drogenated at 50 psig. The theoretical amount of hydrogen was Cn3LHUn
quickly absorbed. Filtration and distillation of the product V __q
solution yielded 37 g (77%) of l,l-bis(trifluoromethyl)butane /  \
(bp 66-67°). The 4H nmr spectrum shows three complex enve- dH CF3 A
lopes at 0.7-1.4 ppm (area = 3), 1.4-2.2 (4), and 2.6-3.2 (1).
The I9F  spectrum shows a doublet at -9 .8 8  ppm (/ = 7 Hz). 1H (5> PPm) : a, 1-38 (doublet, /b, = 7 Hz); b, 4.9 (complex);
Anal. Calcd for C6H8F 6: C, 37.12; H, 4.15. Found: C, c, 2.02 (singlet); d, 6.70 (doublet, J M = 9 Hz). I9F  (0 , ppm):
37.47; H, 3.90. A, —13.2 (quanet, /ba = 7 Hz); B , —20.0 (quartet, J ab =

VIII. Reaction with n-Butyllithium.—A solution (1.6 M, 19 7  Hz). Anal. Calcd for C6H6F 60 :  C, 34.62; H, 2.90.
ml) of ?i-butyllithium in hexane (0.030 mol) was added slowly to a Found: C, 34.81; H, 2.85.
cold (0°) solution of 5.7 g (0.030 mol) of 1 in hexane. After tj • * wr i 1 oo n ■  ̂ „
stirring for 1 hr, the reaction was hydrolyzed with 5%  hydro- Registry Ho. 1, 1422-33-9; CIS-2, 24010-42-2;
chloric acid, and after drying over sodium sulfate the organic tran s-2 , 24010-43-3; 1,1 -b is (tr if lu o ro m e th y l)te tra -
layer was distilled (8-in. Vigreux) to yield 3.10 g (45%) of trans- hydrofuran, 24010-61-5; 1,1 -b is (tr if lu o ro m e th y l)-4-

l,I1̂ll(oromê lj4'D3"llonadleiie> bp 148-150°. The propyltetrahydrofuran, 24010-62-6; l,l-bis(trifluoro-
mrrared spectrum is consistent, showing bands at 1630 (-C H =  , , ,  „ „ ’ ’ „„ „ ,  ,  . .
CH -) and 1710 cm- 1 (C = C F 2). The nmr spectra are described methyl)-4-pentyltetrahydrofuran, 24010-63-7; 1,1-bis-
below. (tnfluoromethy]) butane, 24010-64-8; tram, l, 1 -difluoro-

2-trifluoromethyl-l ,3-monadiene, 24010-44-4 ; 4,5-di- 
CH3(CH2)3CH2 h  fluoro-4-trifluoromethyl-4-penten-2-ol, 24010-65-9; 4,4-

q—q F c bis(trifluoromethyl)-3-buten-2-ol, 656-80-4.
„ /  \  /H r = C

1 /  ^
a CF3 F b a ^ '-D ia n il in o s t i lb e n e s . T h e  C y a n id e  Io n

'H (5, ppm): a, 0.90; b, 1.3 (complex); c, 2.0-2.3 (complex); C a ta ly z e d  D im e riz a tio n  o f  A r o m a tic  S ch iff  B a s e s  
d, 5 .8- 6 .2 (complex); e, 5.70 (doublet, /dS = 16 Hz). 19F  (0 ,
ppm): A -1 7 .8 8  (two doublets J ca = 28 Hz, /ba = 1 0  Hz); Hans-D ieter  B ecker
B , + 1 .1  (two quartets, /ab = 10 Hz, /cb = 10 Hz); C, —0.3,
(two quartets, /ac = 28 Hz, J B0 =  10 Hz). Anal. Calcd for
Ci»Hi3F 6C: C, 52.67; H, 5.81. Found: C, 52.70; H 5.91. General Electric Research and Development Center, Schenectady,

4,4-Bis(trifluoromethyl)-3-buten-2-one.—Triphenylphos- New York 12301
phineacetymethylene, mp 201-203° (lit. 4 205-206°), was pre
pared according to the method of Ramirez and Dershowitz4 and Received August 25, 1969
allowed to react with a slight excess of hexafluoroacetone as out
lined by Plakhova and Gambaryan. 2 The yield of 4,4-bis(tri- m, u r  - j  a i j  j - • ,• „ , ,
fluoromethyl )-3 -buten-2 -one was 90%, bp 109-111° [lit .2 bp 6 8 ° T h e  alkah  Cy aiude ca;talyzed dim erization of benzal- 
(135 mm)]. The infrared spectrum shows C = 0  (1720) and dehyde anil (la) in  liquid am m onia has been  described
C = C  (1670 cm-1). The 4H nmr spectrum shows sharp singlets to  give a fluorescent, yellow dim er to  w hich the anilin-
for the vinyl proton (6.97 ppm) and the three methyl protons oanil s tru ctu re  2a w as assigned because of th e  analo-
(238 PPmh „  _  . „ , .. . . . T . gous formation of benzoin from benzaldehyde.1 SinceIX. Lithium Aluminum Hydride Reduction of 4,4-Bis(tn- f. . ,. . , . , , , ...
fiuoromethyl)-3-buten-2-one. Using o.5o Mol of LiAlH4.—A dim erization product was found to  be  read ily
solution of 10.3 g (0.050 mol) of 4 ,4-bis(trifluoromethyl>-3-buten- oxidized upon exposure to  a ir to  give benzil dianil
2-one in 50 ml of ether was cooled to 0° and 0.95 g (0.025 mol) (4a), stru ctu re  2a was suggested to  be in  equilibrium
of finely crushed LiAlH< was added over a period of 1 hr. The
reaction mixture was stirred at 0° for 1 hr and after hydrolysis (l) H. H. Stra in , J .  A m e r.  C h em . S oc., 5 0 ,2218 (1928).
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40. , T r  , i T , , , ! ..................................... ... We were prompted to investigate the cyanide ion
7 7 catalyzed dimerization of la  when we needed speetro-

H - scopic data of the anilinoanil 2a for comparison with
- ^  o - p - o *  C l  .-¿-O » j  those of an anilinoanil obtained in the base catalyzed

30 - “ reaction of la  with DMSO.5 This report deals with
!... j  V  H ^  h - our fln(iingS which differ from those published pre-

"220 - ,/» Y\ ............  ....... rIch, I viously by other authors.
“ -J' V 5av£»(i wethwwl - Following the literature procedure for the cyanide

- ion catalyzed dimerization of la  in liquid ammonia,6
io- \ y y  \A _ the previously described yellow crystalline dimer with

1 \ \\ - green fluorescence was obtained in 30% yield. We
; .............\ \  1 found in the course of this study that the same com-

0̂ leo"l8Ô%oo%2Ô ’ 480 1 500 pound is obtained more conveniently and in higher
K (m/i) yield (80%) by treatment of la  with a catalytic amount

re of sodium cyanide in DM F at room temperature, under
lgure ’ nitrogen. Likewise, treatment of la  with an equimolar

. , , . , , „ „ , . ,. , quantity of sodium cyanide in DMSO leads to this ;
with the enediamme structure 3 a .«  According to a dimerization product; provided the reaction is carried
recent communication, however, the reaction of la  Qut ^  the abgence of QX In accordance with
wdh an equimolar amount of sodium cyanide in earlier2,3 obseryati the dimerization product in

^ » d ®  > or dimethylformamide solution exposure to air is readiIv oxidized to
(DM F) leads directly to benzil dianil.2 3 4 give benzU dianil (4a) in high yield. ThuS) the re.

jj cently observed formation of 4a in the cyanide ion
/y \  | catalyzed reaction of la  does not proceed according to

sL _ j)— C=N—(\_j) — t he proposed4 mechanism but is the result of an in- 
I t '  ' '  /  advertent autoxidation of the previously1-2 described

la-e compound whose mass spectrum we found to be in
agreement with the molecular composition C26H22N2. 

/ ( W —C=N—( f U __r' Spectroscopic data do not, however, support the
I \— /  structure of the dimer, (anilinoanil 2a). The uv

/p-y\ ^ N R/ spectrum (Figure 1) shows a longest wavelength
v  j j V—v  absorption maximum at 378 m/i (e 13,600), quite

H H different from that of benzaldehyde anil.8 The ir
2a-e spectrum shows absorption bands in the NH region

w (see Experimental Section) but no absorption in the
j __ _ region typical of a C = N  bond. The nmr spectrum

/ f ~ j ) — C— N—\ (~ j)— R' (see Experimental Section) reveals the presence of two
II l — ' magnetically equivalent protons which can be ex-

/ ^ N —q__( C y r  R' changed for deuterium by treatment with D20 . These
I data are in excellent agreement with a,a'-diani-

H linostilbene (3a). Whether or not the cyanide ion
3a—e catalyzed dimerization of la leads to a pure geometrical

isomer (either cis or irons) or to a mixture of isomers
C=N—- ( C d _R' has not been investigated. The reaction of the di-

j j / v r v  1 v r y  merization product with phosgene gives in good yield
/TV\ //% \  l,3,4,5-tetraphenylimidazolone-2 (5); however, it is

3 c—y  V—' /  conceivable that a cis- trans isomerization occurs under
4a_ e the conditions of phosgénation of 3a.

Using DM F as a solvent, the cyanide ion catalyzed
a, R=H;R'=H reaction of anils lb -ld  was found to give the correspond-
b, R =  4-CH3;R '=  H ingly su bstitu ted  fluorescent a ,a '-d ian ilin o stilb en es
c, R= 4-OCH3;R'=H 3b-3d in good to excellent yields (see Table I, Experi-
d, R=H4R'=CH~’R =H mental Section). Their structure is supported by ir,
e’ ’ 3 nmr, and uv spectroscopic data. As observed for the

C6H5 C6H5 parent compound 3a, a,a'-dianilinostilbenes 3b-3d
y = \  in solution upon exposure to air are readily oxidized to

3a +  C0C12 —v C6H5— 1% — C6H5 give the corresponding dianils 4b-4d in excellent yield.

Î The cyanide ion catalyzed dimerization of benzyl- 
idene-p-toluidine (le) in DM F leads to a fluorescent 
_g yellow crystalline dimer for which spectroscopic data

[ir, nmr, uv (see Figure 1)] are in agreement with a , a -

(2) H . H . S tra in , J .  A m e r .  C h em . S oc., 51, 269 (1929). (6) H .-D . Becker, J .  O rg . C h e m ., 34, 4162 (1969).
(3) P. L . Ju lian, E . W . M eyer, A . M agnani, and W . Cole, ib id . ,  67, 1203 (6) A n  earlier7 a tte m p t to  repeat th is  d im eriza tion  had fa iled because

(1945). we d id  n o t realize th a t the reaction should be carried o u t in  a sealed tube.
(4) J. S. W alia , J. Singh, M . S. C hattha, and M . Satyanarayana, T e tr a -  (7) H .-D . Becker, ib id . ,  29, 2891 (1964); c f. re f 5.

h e d ro n  L e t t . ,  195 (1969). (8) H . B . B ürg i and J. D . E u n itz , C h em . C o m m u n ., 472 (1969).
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T a b l e  I

A l k a l i  C y a n i d e  C a t a l y z e d  D i m e r iz a t io n  o f  A r o m a t ic  A n i l s

1. C ata lys t, Solvent, Reaction Y ie ld  of
R un  R  R ' m m ol m m ol m l tim e, h r S, %

1 H H 60 NaCN, 2 DM P, 50 2 54
2 H H 200 NaCN, 2 D M P, 75 17 66
3 H H 200 NaCN, 5 D M F, 100 24 80
4 H H 20 NaCN, 20 DMSO, 50 15 69
5 H H 27 KCN, 20 NH3, 50 24 30
6 4-CH3 H 110 NaCN, 4 D M F, 50 14 90
7 4-CH3 H 27 NaCN, 20 NH3, 50 24 3
8 3,4-0-CH2-0  H 33 NaCN, 10 D M F, 50 28 69
9 4-OCH3 H 20 NaCN, 1 DM F, 15 48 35

10 H CH3 10 NaCN, 4 D M F, 50 20 51
11 H CH3 14 NaCN, 6 DM F, 100 40 58

di-p-toluidinostilbene 3e . A lltoxid ation  of 3e  leads tion gave 29 g (80%) of yellow crystalline product showing strong
to the expected  su b stitu ted  dianil 4 e  in high yield. B y  green fluorescence, mp 205-210°. Recrystallization by dissolv-
con trast, th e  cyanide ion catalyzed  dim erization of “ * ^  N,2 ^  a small amount of warm chloroform
, .. , ! ■■>.  . .. A . . and addition of methanol did not raise the melting point. Spec-
benzylidene p-toluidm e in  liquid am m onia gives a tra follow: uv xmax 378 (e 13,600); ir 3365, 3400 cm“1 
(nonfluorescent) colorless crysta llin e  dim er w hich had (NH); nmr 5 5.50 (2 NH), 6.40-7.60 (20 aromatic H). 
been rep orted 1 previously. T h e  uv spectrum  of th is Anal. Calcd for C2cH22N2 (362.45): C, 86.16; H, 6.12;
dim er whose m olecular com position is confirm ed b y  its  N,TJ ; 73:,. 0 ,  86.31; H, 6.24; N, 7.60.

, • 1 , f  Uiamlinostilbenes 3b-3e were prepared m the same fashion as
m ass spectrum , IS com pletely  d ifferent from  th a t  of its  described for 3a. Experimental details are summarized in 
fluorescent isom er, b u t is in  agreem ent w ith  th a t  of th e  Table I .
orig inally1 proposed anilinoanil stru ctu re  2e (see F igu re  a,a'-Dianilino-4,4'-dimethylstilbene (3b).—Yellow crystals 
1). N m r spectroscopic evidence for stru ctu re  26 with blue fluorescence were recrystallized by dissolving in chloro-
is even m ore revealing. U sing deuteriobenzene as and addition of methanol, mP l6 5 -l7 2 ° ; The nmr spec

solvent, th e  nm r spectru m  of 2e  exh ib its tw o d ifferent f0uow: uv 362 mM (e 14,400); ir 3355, 3380, 3410 cm -1 
m ethyl groups, w hereas th a t  of its  isom er 3 e  shows two (NH); nmr a 2.22 (CH3), 2.26 (CHS), 5.46 (NH), 5.50 (NH),
m agnetically  equ iv alent m ethyl groups. Fu rth erm ore, 6.40-7.50 (18 aromatic H).
th e  C H  group and th e  N H  group in  2 e  appear as doub- Calcd for C^sH^Na (390.50): C, 86.l i ; H, 6.71;

lets, due to  m agnetic coupling (see E xp erim en ta l « ,a '-Dianilino-4,4'-dimethoxystilbene (3c).-Y ellow  crystals 
S e c tio n ). with blue fluorescence were recrystallized by dissolving in chloro-

In  n eu tra l m ethanol solution, com pound 2e w as found form and addition of methanol, mp 160-165°. Spectra follow:
to  be stab le  tow ard autoxid ation . In  m ethanol con- uv ir 3365, 3400 c111"-1 (NH); nmr 6
tam ing a sm all am ount of hydrochloric acid, how ever, AnaL  CaIc;d for (422.55): C, 79.59; H, 6.20;
2 e  does oxidize read ily  upon exposure to  air to  give n , 6.63. Found: C ,79.62; H .6 .05; N .6 .73. 
the dianil 4e . T h e  autoxid ation  is probably  preceded a,«'-Dianilino-3,4-methylenedioxy-3' ,4 '-methylenedioxystil-
b y  an acid-catalyzed  isom erization of 2e  to give 3e . bene (3d).—Pale green crystals with blue-green fluorescence were
W hen dissolved in  D M F  contain ing sodium  cyanide, ^crystallized by dissolving in chloroform and addition of meth-
, , , & ? anol, mp 180-186 . Spectra follow: uvX max 375 m̂ i (c 16,800),

the colorless dim er 2e  sm oothly isom erizes to  give the ir 3400 cm-i  (NH); n m r« 5.50 (2 NH), 5.90 (2 OCH20 ) , 6.50-
yellow fluorescent di-p-toluid inostilbene 3e . A ppar- 7.30 (16 aromatic H).
ently , the cyanide ion cata lyzed  dim erization of anils Anal. Calcd for C2SH22N204  (450.47): C, 74.65; H, 4.92;
proceeds according to  a m echanism  analogous to  th a t  i7 ,6 ‘2,2 ' . Fou,n<t .  ^ ’ 1.f ' 47; H, 4.76; N, 6.04.

r ,, , . , ,. q , ,, ,  ,. » a,a'-Di-p-toluidinostilbene (3e).—The yellow crystals with
of the benzoin cond ensation ,9 and the form ation  of blue green fluoreSoence were recrystallized by dissolving in ace- 
a , a  -d ianilinostllbenes IS due to  a subsequent double- tone and addition of ethanol, mp 172-182°. Spectra follow:
bond isom erization of anilinoanils of stru ctu re  2. T h e re  uv Xmax 385 m  ̂ (e 13,600); ir 3405 em '1 (NH); nmr s 2.10 (2
is, how ever, no nm r spectroscopic indication for the CH3), 5.50 (2 NH), 6.30-7.60 (18 aromatic H).
previously assum ed equilibrium  betw een anilino- Calcd for f t 8H26N2 (390.50): C, 86.11; H, 6.71,

anils and th e ir isom eric dianilinostllbenes. Sodium Cyanide Catalyzed Dimerization of Benzylidene-p-
toluidine in Liquid Ammonia (2e).—A mixture of benzylidene- 

. _ . p-toluidine (5 g) and sodium cyanide (1 g) in liquid ammonia
Experimental section ^  wag piaced jn a geaie(j  tube and was kept at room tem-

Dimethylformamide was distilled in vacuo and stored over perature for 24 hr. Evaporation of ammonia from the reaction
molecular sieves. The melting points of the a.a'-dianilinostil- mixture left a light yellow oil which was triturated under nitrogen
benes were determined in sealed capillaries, while those of the with methanol (50 ml). After 10 min, colorless needle-shaped
dianils were taken on a hot-stage microscope. Ir spectra were crystals separated from the solution. They were recrystallized
taken in K B r. Uv spectra were measured in methanol. The by dissolving in little acetone and precipitation with methanol:
nmr spectra were recorded on a 100-Mc Yarian spectrometer, yield 1.5 g (30%); mp 126-128 (lit.1 122 ); ir 3355 (NH), 1642
using deuteriochloroform as solvent and tetramethylsilane as cm 1 (C = N ). The nmr spectrum of 2e in benzene-d6 was re
internal standard. corded on a Varian T-60 spectrometer: 5 1.93 (s, 1 CH3), 2.13

a,a'-Dianilinostilbene (3a).—A solution of benzaldehvde (s> 1 CH3), 5.52 (d, J ab = 5 cps, 1 CH), 6.4 (d. J ab = cps, 1
anil (36.2 g, 0.2 mol) in dry DM F (100 ml) containing pulverized NH), 6.5-7.5 (18 aromatic H). Upon deuteration, the doublet
sodium cyanide (250 mg, 5 mmol) was agitated with a stream of &4 disappears, and the doublet at 5.52 collapses to give a
nitrogen. After 24 hr the yellow reaction mixture containing singlet.
a crystalline yellow precipitate was diluted with 150 ml of meth- Anal. Calcd for C2SH26N2 (390.50): C, 86.11, H, 6.71, 
anol and kept under nitrogen for 4 hr in the refrigerator. Filtra- N, 7.17. Found: C, 85.94; H, 6.65; N, 7.22.
-----------------  Isomerization of 2e to give 3e.—A solution of 2e (100 mg) and

(9) A . Lapw orth , J .  C h em . S oc., 83,995 (1903); 85,1206 (1904). sodium cyanide (20 mg) in DM F (10 ml) was kept under nitrogen
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for 4 hr. Dilution of the yellow solution with aqueous methanol esting chemistry already reported on this system, and
gave a pale yellow crystalline precipitate (80 mg) with blue w hich often  resulted from cleavage of the dithio group.1
fluorescence. Its lr spectrum was superimposable with that of ^  , , .  . . , /lN , , . . r
3e prepared by cyanide ion catalyzed dimerization of le  in Cyclohexane-1, l-dlthiol (1) reacted in acidified ace- 
DM F. tone to yield bis(l-mercaptocyclohexyl) sulfide (2) in

Benzildianil (4a).—A solution of «.a'-dianilinostilbene (1 g) preference to a 1,3-dithietane which could arise through
in a mixture of chloroform (120 ml) and methanol (25 ml) was dithioketal formation with acetone. Compound 2
kept standing m an open beaker at room temperature under the r p n r ps p n t s  tbp dim er in term ediate in th e  synthesis of
hood. After 12 hr, When all solvent had evaporated the brownish represents tn e  a im er in term ediate in  tn e  syntnesis oi
crystalline residue was washed with little methanol and re- 2,4,6-tris(pentamethylene)-l,3,5-tnthiane (4), a known
crystallized from boiling methanol, yield 800 mg (80% ), mp product of reaction  of cy c lo h e x a n e -l,l-d ith io l w ith
146-148° (lit. 145-147°). hydrogen ch lorid e.la
TA™1" Caled for CjJhoN j CMOAth C, 86.63; H, 5.o9; a  d isplacem ent reaction  betw een cy clo h exan e-1 ,1-

The oxidation of <*,a'-dianilinostilbenes 3b-3e was carried out dithiol and 1,2-dibromopropane m alkaline medium
in the same manner as described for 3a. did not yield a dithioketal but afforded instead the

4,4'-Dimethylbenzildianil (4b).—Yellow crystals, mp 149-150°, trithiane 3. This product must arise by capture of a
yield 90% . „  . „„ sulfur from a second molecule of cyclohexane-1,1-dithiol.

Anal. Calcd for C28H24N2 (388.49): C, 86.56; H, 6.23; ’
N, 7.21. Found: C, 86.61; H, 6.32; N, 7.20.

4,4'-Dimethoxybenzil Dianil (4c).—Yellow crystals, mp 153- 
154°, yield 75% . /— \/SH HC1 /— \ /SH

Anal. Calcd for C28H24N20 2 (420.49): C, 79.97; H, 5.75; 2 (  Y ----------► (  Y  SH
N, 6.66. Found: C, 79.90; H, 5.82; N, 6.66. '— '  NgH (CH»)*C0 \— / Y, /

3,4-Methylenedioxy-3',4'-methylenedioxybenzil Dianil (4d).— .  ̂ (  '\
Yellow crystals, mp 127-128°, yield 95% . \__ /

Anal. Calcd for C28H20N2O4 (448.46): C, 74.99; H, 4.50; CH3 2
N, 6.25. Found: C, 74.74; H, 4.65; N, 6.21. I

Benzil-4,4'-dimethyl Dianil (4e).—Yellow crystals, mp 163- i r / s .
164°, yield 96% . CH2Br f ]

Anal. Calcd for C28H24N2 (388.49): C, 86.56; H, 6.23; N,
7.21. Found: C .86.46; H, 6.15; N ,7 .26. __  S-% /CH 3 S -"^ S

l,3,4,5-Tetraphenylimidazolone-2 (5).—Phosgene was intro- /  V  x
duced into a solution of a,a'-dianilinostilbene (3.62 g, 10 mmol) V _ y 'g _ g ' I ® \
in methylene chloride (250 ml) and pyridine (2 ml) which was
agitated with a stream of nitrogen. By varying the rate of J  4
nitrogen introduction, the reaction temperature was kept be
tween 20 and 26°. The solution first turned dark brown and
then light yellow. Alter 1 hr the reaction mixture was diluted The facile cleavage of gem-dithio compounds was 
with 20 ml of methanol and 0 5 ml of concentrated hydrochloric obgerved in the following two reactions. 2,3-Dioxy-
acid. Vacuum evaporation of the methylene chloride and dilu- . v /£ \ r , °  . n , ! , -
tion of the residual methanol solution with 10 ml of water gave qumoxahne (6) formed rapidly upon admixture of 
3 g (77%) of colorless crystalline precipitate, mp 208-209° (lit.10 equimolar amounts of 2,2-pentamethylene-l,3-dithio- 
207°). lane-4,5-dione (5) and o-phenylenediamine in benzene.

Anai. Calcd for ChHjoNjO (388.45): C, 83.48; H, 5.19; The substitution of excess ammonia for o-phenylene-
diamine m this reaction gave as an isolable intermediate, 

t,_  • . ammonium 1,2-dithiooxalate (7). Ammonium 1,2-

24099-49^8; 3c, 24099-50-1; 3d, 24099-51-2; 3e, 24099- being heated to 160 Although the nroducts *s 1^ d

2 1 o m 156-754' 88 ’ 61 ^  218M ' 89' 71 4d ' 240" ‘ 5 5 ' 6 ; f">“  « ” > °tio“  of
’ ‘ lane-4,5-dione (5) with o-phenylenediamine and with
. , , , . . , , ammonia suggest different reaction mechanisms, this

Acknowledgments.—The author is indebted to Mrs.
D. V. Temple for recording ir and uv spectra, to Mr.
J . D. Cargioli for recording 100-Mc nmr spectra, and H
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Received September 28, 1969 4  ̂ 2 ^

The relatively stable grem-dithiol function is intriguing
when compared with the analogous f/ewi-diols, which (l) (a) J. Jentzsch, J. Fabian and R. Mayer, Chem. Ber., 95, 1764 (1962); 
undergo spontaneous dehydration to yield carbonyl (b) J. Jentzsch and R. Mayer, J. Prakt. Chem., 18, 211 (1962); (o) J. Mor-
_____„ TA ___ j - , ,, ,, , . . .  . , genstern and R. Mayer, ibid., 34, 116 (1966); (d) C. Demuynck, M. Dem-
grOUpS. I t  Was our desire to further extend the inter- uynck, D. Paquer and J. Vialle, Bull. Soc. CAim.iY., 3366 (1966).
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need not be the case. We assume that dithiooxalate is deshielded by proximity to sulfur gave a separated pattern cen- 
displaced in both instances by attack of nitrogen at ter®d s ;i'1 ,pPm-
the dithioketal carbon. Ammonium dithiooxalate is Found- CM8 73°H 7 57-3S 43*83  ̂°4’ ’ 7’32’ S’ 43'64'
stable at room temperature, whereas the salt with o- 2,3-Dioxyquinoxaline (6).—Admixture of two solutions of 
phenylenediamine may lose hydrogen sulfide spontane- 200 mg of 2,2-pentamethylene-l,3-dithiolane-4,5-dionela and
ously to give 2,3-dioxyquinoxaline (6). When potas- of 107 mg of o-phenylenediamine, eachAn a minimum amount of
sium dithiooxalate2 is mixed with o-phenylenediamine benzene, yielded a precipitate immediately. The mixture was
, , A  , stirred for an additional 4 hr, after which 80 mg of product (50%
hydrochloride in dilute hydrochloric acid, compound yield) was removed by filtration, mp >300°. The ir spectrum
6  is formed readily. Dithiooxalic acid is unstable and of the product was identical with that of an authentic sample of
even its metal salts vary greatly in stability.2 2,3-dioxyquinoxaline prepared by pyrolysis of a mixture of oxalic

The loss of hydrogen sulfide from cyclohexane-1,1- acid and o-phenylenediamine.4 .........

dithiol was observed in a capricious reaction with cyano- Yma!d' C 59 li^H  3 7 7 1 7  12 9 26’ H’ 3'73; N’ 17'28' 
gen. Depending on reaction conditions, rubeanic acid Ammonium Dithiooxalate (7) and Oxamide (8).—Gaseous 
(dithiooxamide) (9) or thiooxamide (10) is formed. ammonia was passed into a solution of 1 g of 2,2-pentamethylene-

1,3-dithiolane-4,5-dione'“ in 50 ml of benzene for 25 min. An 
orange precipitate developed and this was removed by filtra- 

r tion, 640 mg (83%) yield). An analytical sample was obtained
H2Nx  by water-acetone recrystallization. The sample did not melt,

C = S  Et0H C = N  EtQH C = 0  but at 160° it was quantitatively transformed into oxamide as
| ■*------ 1 +  | — -  | identified by its ir spectrum which was superimposable on that

C = S  C = N  C = S  of an authentic sample.
1 1 « /  Anal. Calcd for C2H8N2O2S2: C, 15.38; H, 5.16; N, 17.93;

2 9  2 S, 41.05. Found: C, 15.23; H, 5.22; N, 17.33; S, 41.45.
Rubeanic Acid (Dithiooxamide) (9).—A solution of 6.0 g of 

cyclohexane-1,1-dithiol in 50 ml of 95% ethanol was slowly added 
to a solution of 2.0 g of cyanogen in 500 ml of 95% ethanol with 

Oxidation of cyclohexane-1,1-dithiol with hydrogen cooling in ice. The yellow mixture was allowed to stand at
peroxide yielded cyclohexanone. room temperature for 2 days. The solvent was removed and the

residue was triturated first with cyclohexane and then with 
methanol. An orange powder weighing 900 mg was obtained 

Experimental Section3 (40% yield) .6 The material darkened from orange to black
between 180 and 2 1 0 ° (reported decomposition at about 2 0 0 ° 6). 

Bis(l-mercaptocyclohexyl) Sulfide (2).—A solution of 14.8 g The ir spectrum of the product was identical with that of an
of cyclohexane-1 ,l-dithiolla in 50 ml of acetone was added to authentic sample of rubeanic acid. The mass spectrum showed
100 ml of acetone saturated with hydrogen chloride. After 15 the correct molecular ion at m /e  120.
min. of stirring, the solvent was removed under vacuum. The Anal. Calcd for C2H4N2S: C, 19.98; H, 3.35. Found:
residue, dissolved in ether, was washed with water until neutral. C, 20.26; H, 3.54.
Magnesium sulfate was used to dry the solution. Evaporation Thiooxamide (10).—A solution of 8.0 of cyclohexane-1,1-dithiol
of the solvent and distillation of the residue afforded 4.2 g of dissolved in alcchol-water (3:1) was slowly added to a solution
bis(l-mercaptocyclohexyl) sulfide (32% yield), bp 115-118° of 3.0 g of cyanogen in 400 ml of 95% ethanol cooled in ice. The
(0.9 mm). The product possessed the correct molecular weight, mixture was allowed to stand at room temperature overnight.
262, as confirmed by mass spectroscopy. The ir spectrum was The solvent was removed and the residue was recrystallized from
consistent with the proposed structure: ir (film) 2924, 2849,1453, acetone-chloroform. This material (3.2 g) was approximately
1439, 1368, 1350, 1145, and 1120 cm-1. Inspection of molec- 95% pure by tic [silica gel G, ethyl acetate-benzene (3 :2)].
ular models and comparison with the nmr data of the trithiane The ir spectrum of this sample was satisfactory but several more
4 suggested the following assignments: nmr (CDC13) 5 2 .1  (m, recrystallizations were necessary to produce an analytically pure
~ 4 , equatorial -CH CS), 1.73 (s, ~ 1 2 , 3 ,4,5,3 ',4 ',5 '-C H 2) and sample, mp 180° dec (reported7 179-181°). The molecular
1.53 ppm (m, ~ 4 , axial -CH CS). No other resonance was weight of the product, 104, was confirmed by mass spectrometry,
evident; thus the sulfhydryl protons must lie beneath the other Anal. Calcd for ¿¡¡HiN^OS: C, 23.07; H, 3.87; N, 26.90.
signals and are responsible for the deviations from the calculated Found: C, 22.98; H, 4.05; N, 26.97.
signal integrations. Cyclohexanone.—A solution of 14.8 g of cyclohexane-1,1-

Anal. Calcd for C12H22S3: C, 54.90; H, 8.45; S, 36.65. dithiol in 160 ml of 5%  aqueous sodium hydroxide was cooled
Found: C, 54.76; H, 8.51; S, 36.81. in ice while 200 ml of 6 % aqueous hydrogen peroxide was slowly

5- (or 6 -) Methyl-3,3-pentamethylene-l,2 ,4-trithiane (3).— added. The excess hydrogen peroxide was decomposed with
A mixture of 6.0 g of cyclohexane-1,1-dithiol,la 3.4 g of sodium sodium thiosulfate. The solution was extracted with chloro-
hydroxide and 8.5 g of 1,2-dibromopropane in 500 ml of ethanol form and the extract was dried over magnesium sulfate. Evap-
was refluxed for 6 hr. The solvent was removed and the partially oration of the solvent left 4.3 g of cyclohexanone (44% yield)
solid residue (NaBr) was extracted with ether. Evaporation as confirmed by its ir absorption spectrum and its retention time
of the ether yielded an oil which was distilled to give 4.0 g of on glc (5 ft X 10% Carbowax column) on comparison with
product: bp 108-111° (0.4 mm) (bath temperature); ir (film) authentic samples.
2907, 2841, 1437, 1399, 1362, 1305, 1263, 1248, 1189, 1126,
1008, 867, and 754 cm-1. The mass spectrum of this compound
was consistent with the proposed structure. Peaks in evidence . , n n -
included the parent ion, m /e  220; propylcyclohexenyl sulfide R eg istry  JMO.— 2, 242b5-bb-t>; 0 , lo»U 4-iy-U ; /,
carbonium ion, 155; cyclohexenethiol ion, 114; and cyclohexenyl 24265-68-7 ; 8,471-46-5; 9,79-40-3.
carbonium ion, 81. The nmr spectrum of this product was too 
complex to allow unambiguous structural assignments. The
signals occur between 6 1.1 and 3.6 ppm (CDCh). Four protons (4 ) o .  H insberg, C h em . B e r .,  41, 2 0 3 1  (1908).
______________ (5 ) The theoretica l y ie ld  of th is  reaction is calculated on the  assum ption
—  th a t only 1 m ol of hydrogen sulfide is lost from  cyclohexane-1,1-dith io l.

(2) H . O. Jones and H . S. Tasker, J .  C h em . Soc., 95, 1904 (1909). The reaction m ig h t be bette r perform ed b y  changing the  reactant ra tio  so
(3) A ll m e lting  po in ts  were determ ined w ith  a M e ttle r  F P I m elting  p o in t th a t the reaction would occur between 2 m ol of cyclohexane-1,1-dith io l and

apparatus equipped w ith  a Bausch and Lom b V O M  5 recorder. In fra re d  1 m ol of cyanogen. The ra tio  used was chosen in  an a tte m p t to  produce
spectra were recorded on a P erk in -E Im er M ode l 137 spectrophotom eter. a 1:1 adduct between the reactants.
A  V arian A-60 spectrometer was used to  obta in  the n m r spectra w ith  te tra - (6) P. G. Stecher, Ed., “ The M e rck  Index, 8th ed, M e rck  and Co., In c .,
m ethylsilane as the in te rn a l standard. The mass spectra were determ ined Rahway, N . J., 1968, p 924.
on a Consolidated E lectrodynam ics Corp. M o de l 21-103C spectrometer a t (7) R . P . Welcher, M . E . Castellion and V . P. W ystrach, J .  A m e r .  C h em .

70 eV. S oc., 81, 2541 (1956).
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Aluminum Chloride Catalyzed Form ation A plausible reaction course (Scheme I), which is an
of Arylamides. A Novel Synthesis* extf sion of̂ e Hop*! mechanism 2 is proposed for the

carboxyam id ation  of benzene. Urea reacts  w ith  alu- 
T „ T „ , ,  T m inum  chloride to  produce a u rea-a lu m in u m  chloride

adduct (1 ). T h is  in term ed iate  is decom posed on 
Midwest Research Institute, Kansas City, Missouri 6^110 h eating  to  give carbam inic chloride (2) and an alum i

num  chloride s a lt  (3 ). C arbam inic chloride then  
Received September 8,1969  reacts  w ith  alum inum  chloride to  provide th e  reactiv e

carbonium ion (4), which attacks the aromatic nucleus 
Several general methods for the aluminum chloride in the conventional manner to give benzamide (5).

catalyzed synthesis of aromatic amides have been Several investigators have reported the presence of
reported.2 Gattermann allowed carbamyl chloride to cyanuric acid in the thermal-decomposition products of
react with aromatic compounds to give the correspond- urea.6’6 I t  is therefore not surprising that a carbaminic
ing amides. The major disadvantage of the Gatter- carbonium ion would be generated during the exo-
mann synthesis was the instability of carbamyl chlo- thermic reaction of urea with anhydrous aluminum
ride. Hopff overcame this difficulty by using stable chloride.
addition compounds of carbamyl chloride with alumi- The postulated intermediate (1) has not been reported 
num chloride. Leuckart was also able to synthesize a in the literature and we have not attempted to charac-
variety of aromatic amides by the reaction of aryl terize it. There was evidence of existence of ammono
isocyanates with hydrogen chloride followed by reaction aluminum chloride (3) because ammonia was evolved
of the resulting arylcarbamyl chloride with the appro- when the aqueous solutions of these salts were neu-
priate aromatic compound. Carboxyamidation with tralized.
cyanic acid or potassium cyanate and hydrogen chlo- The arylamides (Table I) contained ortho- and para- 
ride, in which unstable carbaminic chloride is formed orientating groups on the aromatic nucleus, but owing 
in  situ, has also been used for arylamide synthesis. to the stronger para-orientating groups and to the

T a b l e  I 
A r y l a m id e s

'---------------------------M p , °C --------------------------- . %  ,------------------Calcd, %------------------, ,—  -----------Found, % ------------------,
Am ide L ite ra tu re  Reference“  Found y ie ld  C H N  X  C H N X

Benzamide 130 IX , 195 128-129 6 69.40 5.83 11.56 69.62 6.06 11.26
4-Chlorobenzamide 179 IX , 341 179-180 2 54.02 3.89 8.99 22.81 54.06 4.11 9.15 22.93
4-Fluorobenzamide 154.5 I X - I ,  137 156-157 6 60.43 4.35 10.06 13.30 60.67 4 .34 9.93 13.42
4-Hydroxybenzamide 162 X , 164 151-152 13 61.31 5.15 10.21 61.54 4.99 10.38
4-Phenylbenzamide 222-223 IX , 672 229-230 27 79.16 5.62 7.10 79.00 5.53 7.19
4-Methylbenzamide 159-160 IX , 486 157-158 4 71.09 6.71 10.36 71.10 6 .62 10.08
3- Chloro-4- 6 162-163 14 56.63 4.75 8.26 20.93 56.58 4 .64 8.07 20.64
methylbenzamide
3,4-Dimethyl- 130-131 IX , 536 105-106 9 72.46 7.43 9.38 72.45 7 .47 9.50

benzamide
2,4.6- 187-188 IX , 553 190-191 25 73.59 8.03 8.58 73.64 8.00 8.40

Trimethyl- 
benzamide

4- Methoxybenzamide 166.5-167.5 X , 164 167-168 22 63.56 6.00 9.27 63.47 5.98 9.24
° “Beilstein’s Handbuch,” 4th ed, Julius Springer Yerlag, Berlin 1926-1927. b Not found in the literature.

While a urea-aluminum chloride solvent system for low yields, only the para-substituted amides were iso- 
the reaction of carbohydrates with aromatic compounds lated.
was being investigated, unexpected crystalline by- The melting point of 3,4-dimethylbenzamide (105- 
products were isolated. Purification and characteriza- 106°) differs significantly from the literature value
tion of these compounds revealed that arylamides had (130-131°), however the elemental analysis of the
been formed by a novel route that utilized urea as the amide (Table I) is in agreement with the empirical
carboxyamidating agent. formula. The only other structural alternative would

Addition of urea to anhydrous aluminum chloride be 2,3-dimethylbenzamide,7 which has an even higher
results in an exothermic reaction, and in formation of a melting point (155-156°). In view of these data we
fluid system which has been used as a solvent-catalyst hydrolyzed the low melting 3,4-dimethylbenzamide and
for various chemical reactions.3,4 We have synthesized identified the product as 3,4-dimethylbenzoic acid.
10 arylamides (Table I) by reaction between the appro- Isolation of this acid verified that the assigned structure
priate aromatic compounds and this urea—aluminum of 3,4-dimethylbenzamide was correct,
chloride solution. In the present investigation no attempts were made

(1) Sponsored b y  the  Nebraska D epartm ent of A g ricu ltu re  and Economic t0 maximize the yields of aromatic amides.
Developm ent.

f,2) ? '  A ' 0 ia h ' “ F ried e i-C ra fts  and Related Reactions,”  Vol. 3, P a rt 2, (5) N . I .  M a lk in a  and S. N . Kazarnovskii, Z h . P r i k l .  K h im . ,  34, 1583
W iley-Interscience, New  Y o rk , N .Y .,  1964, p 1 2 6 2 . (1961); C h em . A b s tr . ,  55, 27362k ( 1 9 6 1 ).

B raun, German P a ten t 878,647 (June 5, 1953); C h em . A b s t r . ,  50, (6) L . J. C hristm ann, U . 3. Patent 2,822,363 (Feb 4, 1958); C h em . A b s lr . ,
4203a (1956). 62,102236(1958).

German Patent 1.085,514 (Ju ly  21, 1960); C h em . A b s tr . ,  (7) T . Terakawa, H . Oucbi, H . Zenno, K . N akanish i, and S. U m io , J .

66, 6490i  (1961). P h a rm .  Soc. J a p . ,  74, 312 (1954); C hem . A b s t r . ,  49, 30786 (1955).
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Scheme I A nal. Calcd for C9Hio02: C, 71.98; H, 6.71. Pound'
0 0,72.48; H, 6.67.

H2NCNH2 +  AlClj — ► R egistry  No.-—Aluminum chloride, 7446-70-0; 3-
chloro-4-methylbenzamide, 24377-95-5.

II / 0H
[H2NCNA1C13H] — ►  HN=C + H2NA1C12

1 3
2  T h e  O x id a tio n  o f  2 ,6 -D is u b s t i tu te d  P h e n o ls  w ith

0  l AICIj I s o a m y l N i tr i te . A  S im p le  P re p a r a t io n

rr XT1  o f  D ip h e n o q u in o n e s
U

"* HO C + A1CU Robert A. Jehussi1

I General Electric Research and Development Center,
, T Schenectady, New York 12301

0
„  II Received November 7, 19 6 9

+ Hf Phenol oxidation by alkyl nitrites has not been ex-
5 AIC, _ tensively studied. The reported oxidations have been

concerned chiefly with 2,4,6-trisubstituted com- 
Ain +  u n  pounds.2 In Bacon’s survey of oxidants for 2,6-

U3 dimethylphenol, the reaction of isoamyl nitrite (60
mol) with phenol (1 mol) in water gave 2,2 ',6 ,6 '- 

Experixnental Section tetramethyl-4,4'-biphenol (20% ) and 3,3',5,5'-tetra-
Elemental analyses were performed by Galbraith Laboratories, mcthyldiphenoqumone _(37%).3 When the mole ratio

Knoxville, Tenn. Infrared spectra were obtained with a Perkin- was reduced to 7 .5 .1 in ethyl alcohol; the dipheno-
Elmer Infraeord spectrophotometer. Melting points were un- quinone (6% ) was obtained along with the major prod-
corrected and obtained by using a Hoover capillary melting point uct, p-nitroso-2,6-dimethylphenol (75%).

1 We have extended this oxidation to a convenientsynthesis of Arylamides.— The general method for the prepara- e , • ,. , . , . . .
tion of these compounds was as follows. Urea, 24 g (0.40 mol), synthesis of certain diphenoquinones by oxidation of
was carefully added to 113 g (0.85 mol) of anhydrous aluminum 2,6-disubstituted phenols with isoamyl nitrite in meth-
chloride. Care must be exercised during this addition because ylene chloride. The reaction is run for 18-24 hr at
an exothermic reaction results. The temperature of the reac- ambient temperature and the insoluble product is iso-
tion was controlled by the rate of urea addition. However, the la+A/J Kxr TVkiz-v t v, ~ u r
reaction temperature was usually kept in the range of 90-100°. ^ted by filtration. Table I gives the results for a m m -
After the addition of the urea was complete, the resulting mix- ^er Phenols, yields are m the 50 65%  range. When
ture was cooled to 25° and 0.35 mol of the appropriate aromatic sterically hindering groups such as ¿-butyl or deactivat-
compound was added. The reactants were stirred for 2-18 hr ing groups such as chlorine occupy the ortho positions,
at 50-70°, cooled, and slowly poured into 500 ml of ice water. the yields are lower. The higher oxidation potential
Because substantial amounts of unchanged aluminum chloride „r o <? _u__ i i„+„i • n-u-x j - i  ■j
are present in the reaction mixture, extreme care must be ex- 2,6-dlchIorophenol completely inhibited its OXlda-
ereised while decomposing it in the ice water. Pentane (500 tion to the diphenoqumone whereas 2-chloro-6-phen-
ml) was added, and the two phases filtered. Arylamides which ylphenol gave a small yield of quinone. The yields
are water- and pentane-insoluble remain as a solid on the filter were improved by using chloroform at reflux for 2.5
paper. Water-soluble arylamides (e .g ., 4-methylbenzamide) Jjj.
were ether extracted from the water phase. The ether extracts 
were dried over anhydrous calcium sulfate, the ether was evap
orated, and the residues were recrystallized from benzene or water Table I
to give pure arylamides. Mol of

Properties of Arylamides.— The arylamides were characterized -------Diphenoquinone------. oxidant/
by their elemental analyses, infrared spectra, and comparisons 2,6-Disubstttuted % yield of mol of
of their respective melting points with literature values. phenol CH2CI2 Mp, °C phenol

Table I summarizes the results of the elemental analyses and Dimethyl- 53“ 205.5-2086 2.1
the comparative melting point data. The infrared spectra of Diphenyl- 58 283-2856 3.0
the arylamides exhibited the following characteristic absorption Methyl phenyl- 51 202-2045 2.5
bands: ir (Nujol) 3450-3320 cm-1 (free NH), 3210-3160 cm-1 Tfimpthoxv fit; 98R 9QO& o r
(associated NH), 1660-1640 cm - (amide I band) 1620-1610 ^  16 242 5-244> B . l
cm 1 (amide II band), and 1560 cm— (phenyl nucleus).

Hydrolysis of 3,4-Dimethylbenzamide.—A mixture of 200 mg Choro phenyl- 10 287.5 288.5 3.0
(1.30 mmol) of 3,4-dimethylbenzamide, mp 105-106° (Table I), Dichloro-
and 10 ml of 3 A  NaOH was heated at reflux for 6 hr, cooled, “ 64% yield obtained in CHCfi. 6 The infrared spectrum was
and acidified with 4 ml of concentrated HC1 to give 192 mg of identical with that of the authentic material. c21% yield ob-
crude acid, mp 152-156°. Sublimation of this material at 60° tamed in CHCfi.
in  vacuo afforded 163 mg (82%) of 3,4-dimethylbenzoic acid, 
mp 162-163°; ir spectrum was identical with that of 3,4-di-
m e th y lb e n z o ic  a c id .8 (1) Food and Drug Administration, Bureau of Drugs, Washington, D. C.

20204.
——------------ — (2) (a) J, Thiele and H. Sichwerde, Ann., 311, 363 (1900). (b) V. V.

Ershov and G. A. Zlobina, Bull. Acad. Sci. USSR, Div. Chem. Sci., 2138
(8) “Sadtler Standard Spectra," No. 24490, Microfilm Edition, Sadtler (1964).

Research Laboratories, Ine., 1969. (3) R. G. R. Bacon and A. R . Izzat, J .  Chem. Soc., 791 (1966).
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The reduction in yield when a ¿-butyl group is present phenol (3.09 g, 0.015 mol) and isoamyl nitrite (6.72 ml, 0.050
is probably due to two factors: the increased solu- mol) were dissolved in 20 ml of methylene chloride. The sol u-
, r . . . . .  , , tion was stirred at ambient temperature for 28 hr and then heated
bihty of diphenoqumones containing such groups and at reflux for 15 hr, The solyent was distj]led to leave a semiso]id
competing oximination. The isolation of 2,6-di-i- mass. This was treated with acetic acid and filtered. The
butyl-4-oximinobenzoquinone, which has been reported filter cake was washed with acetic acid and dried to give 0.503
both as p-nitroso-2,6-di-(-butylphenol4 or as the oxime,6 g of tltle comPound (16.3%), mp 242.5-244° (lit.11 mp 245-247°).
and recently has been shown to exist as the oxime,6 was ^sentially identical with that of the authen-

from the oxidation of 2,6-di-i-butyl phenol supports the 2,6-Di-(-butyl-4-oximino-p-benzoquinone.— 2,6-Di-i-butyl-
second factor. phenol (3.09 g, 0.015 mol) was dissolved in 25 ml of methylene

The reaction path very likely involves the production chloride and isoamyl nitrite (5.10 ml, 0.0375 mol) was added,
of phenoxy radicals. Ershov and Zlobina were able to JJ1® reaction solution was stirred at ambient temperature for

, v • i p c% a f* ±. * -u 27 hr and then the solvent was removed under vacuum (20 mm),record the esr signal for 2,4,6-tnsubstituted phenoxy Xhe gummy dark regidue wag treated with 20 ml of methyl aIcoh^
radicals when the corresponding phenols were oxidized and filtered to remove some brown solid. The filtrate was
with alkyl nitrites.2b They proposed that an alkoxy warmed under vacuum to remove the solvent and the dark oil
radical, produced by scission of the alkyl nitrite, ab- which remained was extracted with hot hexane. The hexane
stracted hydrogen from the phenol to give the phenoxy “ d c°oled to ^ ve °7273 f  f  TeI1?w crTstais>

X. °  , , ,, . , ,. o mp 205-207 . Further hexane extraction of the dark gum gave
radical. Some support for the intermediacy of an an additionai 0.370 g of yellow crystals, mp 199-205°. The
alkoxy radical is contained in the thermal decomposi- two batches were combined and recrystallized from hexane to
tion of 2-octyl nitrite at 100°.7 The products are the give 0.630 g (18%) of title compound, mp 213-214° (lit.6 mp
2-octyloxy and the nitric oxide radicals. In the case of TBe ir, sPe®trui71 contained a broad band at 3320
the 2,6-disubstituted phenols in Table I, the free para Ca\ 3 '.-2-C h W 6-
positions would allow dimerization to the biphenol. phenylphenol (2.04 g, 0.01 mol) was dissolved in 22 ml of methy- 
Subsequent oxidation of the biphenol would give the lene chloride and isoamyl nitrite was added (4.0 ml, 0.03 mol),
diphenoquinone, Scheme I. The total process involves The solution was stirred at ambient temperature for 24 hr at
the removal of two hydrogen atoms from each mole of which time some red solid was present. The mixture was heated 

j .  , ■ ., ,. , at reflux for 2 hr, cooled, and filtered. The filter cake wasphenol to give the diphenoquinone, necessitating at washed with cold methylene ch]oride and dried under vacuum
least 2 mol of oxidant/mol of phenol. The formation to give purple-red crystals, 0.21 g (10%), mp 282-283°. This
of oxime in the case of 2,6-di-f-butylphenol can be was recrystallized from chloroform to give mp 287.5-288.5°;
explained by the combination of nitric oxide and ir (KBr) 1610 cm-1 (C=0). A nal. Calcdfor C24HhC1202: C,
phenoxy radicals (Scheme I). 71A3; H> 3‘48; C1’ 17"50- Found: C’ 70-^ H’ 3-77; C1- l7-7-

Registry No.—Isoamyl nitrite, 110-46-3; 2,6-di-
S c h e m e  I methylphenol, 576-26-1; 2,6-diphenylphenol, 2432-11-3;

6 o 2-methyl-6-phenylphenol, 17755-10-1; 2,6-dimethoxy-
r^ I jr r r \ /  phenol, 91-10-1; 2,6-di-f-butylphenol, 128-39-2; 2-

2 I I I  5=*; 2 i f l l  —> HO—l  \—l  V -oH  chloro-6-phenyIphenol, 85-97-2; 2,6-dichlorophenol, 87-
f  65-0; 3,3'-dichloro-5,5'-diphenyl-4,4'-diphenoquinone,

ft R R 24378-09-4.

X |
▼ (11) H. Hart and F. A. Cassis, Jr ., V . Amer, Chem. Soc., 73, 3179 (1951).

rxY — ryVr 0=h>/=Co
^ \ = = / \ = = / ^  fl-K eto  S u lfo x id e s . I X .  C o n v e rs io n  in to

H ^ Jjj' NOH b  r A c e ty le n ic  S u lfo x id e s  a n d  S u lfo n e s 1

G l e n  A. R u s s e l  a n d  L .  A. O c h r y m o w y c z

Experimental Section9
. . . . . . . . . .  . . , Department o f Chemistry, Iow a State University,

3,3 ,5,5 -Tetramethyl-4,4'-diphenoquinone.—An example of Am es Iow a 50010
the general method is given fo r  2,6-dimethylphenol. 2,6-Di-
methylphenol (1.83 g, 0.015 mol) was dissolved in 50 ml of meth- D _ , , „„„„
ylene chloride and isoamyl nitrite added (4.3 ml, 0.032 mol). Received December l ,  1969
After stirring at ambient temperature for 24 hr, the reaction was
worked up by cooling and filtering. The red crystals obtained We have previously described the conversion of 
were washed with several portions of cold methylene chloride esters to 0-keto sulfoxides (reaction l ) 2 and the reduc-
and dried to give 0.976 g of product 53% , mp 205.5-208° i 1{ ( ,n , ,
(lit.19 mp 207-210°). The ir spectrum was essentially identical tl0n ° f ^ ke,to SuIfoxlde to the hydroxy sulfide (re- 
with that of the authentic material. action 2), which may be dehydrated to give the vinyl

3,3 ',5,5 '-Tetra-i-butyi-4,4'-diphenoquinone.—2,6-Di-f-butyl- sulfide (reaction 3).3 Attempts to convert /3-(methyl-
mercapto)styrene to the acetylenic sulfide by the 

(« s . ' j s t a n d a r d  bromination-dehydrobromination technique4
m  5 - 1 -  “ ^ t e r n h e l l ,  Auf . J .  Chem., 22, 935 (1969). (1) Part V III : G. A. Russell and L. A. Ochrymowycz, J .  Org. Chem.I S' M°rnb °i‘Vet?’ ' Amer' Chem' Soc-  71> 226 (1949)' SB' 764 (197°)- This work was supported by a grant from the U. S. Army
(8) H. Musso m Oxidative Coupling of Phenols," W. I . Taylor and A. R . Research Office (Durham)

Battersby, Ed. Marcel Dekker New York, N. Y„ 1967, pp 54 and 55. A. (2) H. D. Becker, G. J .  Mikol, and G. A. Russell, J .  Amer. Chem. Soc.,
1. Scott, Quart. Rev., 19, 1 (1965). 85, 3410 (1963).

(9) Melting points are uncorrected. The authentic diphenoqumones (3) G. A. Russell, E . Sabourin, and J .  Mikol, J .  Org. Chem. 31 2854
were provided by Drs. A. S. Hay and D. M. White of this laboratory. All (1966).
■r spectra w-ere obtained on a Perkin-Elmer Model 337 instrument. (4) W. E. Truce, H. E . Hill, and M. M. Boudakian, J .  Amer. Chem. Soc.

(10) K . Auwers and T . V. Markovits, Ber., 38, 226 (1905). 78 ,2760  (1956).
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gave in our hands only a 13% yield of methyl phen- yield a rearrangement product [S-methyl a-(methyl-
ethynyl sulfide. We have therefore developed an mercapto)phenylthioacetic acid] probably the result
alternate method (reactions 4-6) for converting a vinyl of epoxidation of the double bond.1 
sulfide into an acetylenic sulfide using the previously An alternate reaction sequence to reactions 6 and 7 
described reactions 5 and 6 .3 is to first oxidize the chloro vinyl sulfide to the sulfoxide

RC02Et +  CH3SOCH2~— RCOCH2SOCH3 +  EtO~ (1) and then dehydrohalogenate (reactions 8 and 9).

RCOCH2SOCH3 -LlA1H> RCH(OH)CH2SCH3 (2) C6H6C(CI)=CHSCH3 C6H5C(C1)=CHS0CH3 (8)
H+ A KO C(CH .)!

RCH(OH)CH2SCH3 --- ->  RCH=CHSCH3 (3) C6H5C(C1)=CHS0CH3  — — >• C6H6C=CSOGH3 (9)
T H F  (89%)

NaIO<
RCH=CHSCH3--------->■ RCH=CHSOCH3 (4) NaOCslls

C6H6C(C1)=CHS0CH3-------- >- C6H5C(OC2H5)=CHSOCH3
socu THF (86% )

RCH=CHSOCH3----- >- RC(C1)=CHSCH3 (5) 0 (10)
KOH

RC(Cl)=CHSCHs —— > RC=CSCH3 (6) Use of potassium ¿-butoxide in TH F, a base with low
Et0H nucleophilicity, led to methyl phenethynyl sulfoxide in

RC=CSCH m~clc°H*co>^ r c =CSOCH 1Q> high yield, whereas a nucleophilic base, such as sodium
_  RC=CSO CH (7) ethoxide, led to the a-ethoxy-j8-(methylsulfinyl)styrene.

2 3  Ethoxide ion is known to add readily to acetylenic
The oxidation of vinyl sulfides to vinyl sulfoxides is sulfides8 and will presumably add even more readily to

complicated by epoxidation of the double bond and the acetylenic sulfoxides, 
possibility of overoxidation to yield the sulfone. We
have found that a selective oxidation of a vinyl sulfide „ , , c .. „
to a vinyl sulfoxide can be achieved using sodium
metaperiodate in a modification of the procedure of Oxidation Techniques.—The sodium metaperiodate oxidations
Leonard and Johnson.6 Nearly quantitative yields of
Vinyl sulfoxides can be obtained by the use of 0.5 M solution of sodium metaperiodate. The solution was stirred in
sodium metaperiodate in 50% aqueous acetonitrile a refrigerator at —5 to —10° for 12 hr, whence the cold solution
solution at —10°. An alternate procedure, which is was filtered and extracted three times with 50-ml portions of
greatly preferred for the conversion of acetylenic chloroform. The dry chloroform extracts (MgS04) were con-

. i n - 1  ■ , 1 • c centrated under vacuum to yield the crude sulfoxides that were
sulfides to acetylenic sulfoxides, IS to use 1 equiv of purified by column chromatography or crystallization, 
m-chloroperbenzoic acid at —20° in chloroform solu- For the m-ehloroperbenzoic acid oxidations, the vinyl sulfide 
tion.6 Table I summarizes some pertinent results. (25 mmol) in 100 ml of chloroform was cooled to —10° and 1

equiv of analyzed m-chloroperbenzoic acid10 in 50 ml of chloro- 
T atitf T form a t —10 “ was added slowly. The reaction flask was stoppered

and allowed to stand at —23“ in a refrigerator for 1 2  hr. The 
Conversion of Sulfides to Sulfoxides cool solution was filtered to remove m-chlorobenzoic acid, washed

,—Yield (%) of sulfoxide—  twice with 100 ml of saturated aqueous sodium bicarbonate, and
m- dried (MgSCh); the solvent was removed under vacuum to

Sulfide NalOi ClCtHtCOsH yield the crude sulfoxide.
C6H5CH=CHSCH3 77“ Sulfoxides.—The vinyl sulfides listed in Table I have been
C6H5C=CSCH3 46 92 previously described, 1' 3 as has ¡3-(methylsulfinyl)styrene. 3 1-
C6H6CH=C(CH3)SCH3 74 (Methylsulfinyl)-2 ,2 -diphenylethylene was crystallized from 1:1

TT c'(f'] \_c iropw 7°. hexane—ether to yield material: mp 106 ; pmr 5 2.72 (s, 3,
/r w Y r - r w s r w  q 6  7q SOCH3), 6.81 (s, 1, =CH-), S 7.15-7.55 (m, 10, C6H6).
?TT5f o  or 07 A naL  Calcd for Ci6H„OS: C, 74.36; H, 5.83; S, 13.21.

(C6H5)2C— C(SCHs)2 9b y /  Found: C, 74.10; H, 5.92; S, 13.21.
C6H5C(CH3)=C(SC1T3)2 90 90 p-Methyl-/3-(methylsulfinyl)styrene was crystallized from 1:4
C6H5C(C2H5)=C(SCH3)2 68 86 ethyl acetate-hexane to give mp 103-104°; pmr 5 2.63 (s, 3,

“ See ref 3. SOCH3), 2.21 (d, 3, CH3, J  = 2 Hz), 7.10 (q, 1, =CH-,
7 = 2 Hz), 7.32 (s, 5, C6HS).

, , . . , /n  . v . ,, , , A nal. Calcd for Ci0H,2OS: C, 66.65; H, 6.71; S, 17.76.
m-Chloroperbenzoic acid (2 equiv) is the preferred Foimd. c> 66 75; r , 6.60; S, 17.93.

reagent to convert methyl phenethynyl sulfide to the a-Chloro-/3-(methylsulfinyl)styrene was purified by column 
sulfone (81% yield). Use of hydrogen peroxide in chromatography on silica gel. Impurities were eluted by ethyl
acetic acid4'7 led only to a polymer under the conditions acetate and the sulfoxide was recovered by elution with methanol.
reported to be sotislaetory for the oxidation of phenyl £ 3 ^ - 3 3 ^  
phenethynyl sulfide. 85-86°; pmr s 2.80 (s, 3, SOCH3), 6.98 (s, 1, =CH-), 7.30-

/3,i8-Di(methylmercapto)styrene reacted with either 7 . 5 0  (m, 5, C6H6). 
sodium metaperiodate or m-chloroperbenzoic acid to A nal. Calcd for C9H9C10S: C, 53.86; H, 4.52; S, 15.97;

Cl, 17.66. Found: C, 5 4 .0 1 ; H, 4.50; S, 16.02; Cl, 17.74.
O a-Methyl-(3- (methylsulfinyl (styrene was prepared from a mix-

[O] /  \  ture of 9  parts of c?'s- to 1 part of frans-a-methyl-0 -(methyl-
C8H5CH=C(SCH3)2 — >■  [CellsCH C(SCH3)2 >■ mercapto)styrene3 (cis and tvans refer to the relationship of

O - the phenyl and thiomethyl groups). The crude product appeared

CcHsCH— C(SCH3)2]  >  C6H6CH(SCH3)COSCH (8) H. C. Volger and J .  F. Arens, Rec. Trav. Chim. Pays-Bas, 76, 847
---------------------  (1957); 77, 1170 (1958). J .  F. Arens, ibid., 82, 183 (1963).

(5) N. J .  Leonard and C. R . Johnson, J .  Org. Chem., 27, 282 (1962); (9) Pmr spectra were obtained in CDCls at 60 MHz. Mass spectra were
J .  Amer. Chem. Soc., 84, 3701 (1962). obtained by direct inlet into an Atlas Werke CH-4 spectrometer.

(6) L. A. Paquette, ibid., 86, 4085 (1964). (10) Material from the Research Organic/Inorganic Chemical Co., Sun
(7) W. E . Truce and J .  A. Simms, ibid., 78, 2756 (1956). Valley, Calif., was used in this work; assay, 83%  peraoid.
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to be a mixture of the cis and trans sulfoxides in ~9:1 ratio. reaction was filtered and concentrated under vacuum. Dilution
Column chromatography on silica gel with ethyl acetate eluent with 100 ml of H20 was followed by extraction twice with 200-ml
gave material that could be crystallized from 4: 1  hexane-ethyl portions of n-hexane and drying over MgS04; distillation yielded
acetate to yield material with mp 28-34°. Pmr: predominant 17 g (67%) of methyl phenethynyl sulfide,
isomer (90%), 5 2.68 (s, 3, SOCHs), 2.39 (d, 3, CH3, J  =  1.5 Methyl Phenethynyl Sulfoxide (Reaction 7).— The sulfoxide 
Hz), 6.67 (q, 1, =CH -, J  =  1.5 Hz); minor isomer (10%), was best prepared by oxidation of the sulfide with ni-chloro-
6 2.61 (s, 3, SOCH3), 2.28 (d, 3, CH3, J  = 2.5 Hz), 6.40 (q, 1, perbenzoic acid as described earlier. The sulfoxide was isolated
=CH -, /  = 2.5 Hz). by removal of the chloroform solvent at room temperature under

A nal. Calcd for CioHi2OS: C, 66.65; H, 6.71; S, 17.76. vacuum. The product was eluted from a 2.5 X 50 cm silica gel
Found: C, 66.83; H, 6.76; S, 17,88. column by 1.5:1 ethyl acetate-hexane as a colorless oil which

a-Ethyl-/3~(methylsulfinyl)styrene was prepared from a mixture polymerized upon standing: ir (CC14) 1060 (S=0), 2210 (C=C)
of 8  parts of cis- and 2  parts of trans-a-ethyl-d-(methylmercapto)- cm-1; pmr (60 MHz, CDCI3) 8 2.98 (s, 3, SOCH3), 7.2-7.6 (m,
styrene3 (cis and trans refer to the relationship of the phenyl and 5, C H5).
thiomethyl groups). The nearly pure crude product was chro- A nal. Calcd for C9H8OS: C, 65.58; H, 4.91; S, 19.49.
matographed from silica gel by ethyl acetate to remove traces Found: C, 65.70; H, 5.03; S, 19.54.
of more and less mobile impurities to give an oil which con- Methyl Phenethynyl Sulfone,—Methyl phenethynyl sulfide
tained approximately 80% cis sulfoxide and 20% trans sul- (2.96 g, 20 mmol) was dissolved in 100 ml of chloroform and
foxide. Pmr: predominant isomer (80%), 8 2.67 (s, 3,SOCH3), cooled to —10°. A solution of 7.9 g of 83% m-chloroperbenzoic
6.46 (s, 1 , =CH-); minor isomer (20%), 8 2.58 (s, 3, SOCH3); acid in 100 ml of chloroform at —1 0 ° was added slowly to the
6.32 (t, 1, =CH -, /  = 2 Hz). The ethyl groups and aryl groups sulfide, and the mixture was allowed to stand for 4 days at —20°.
gave pmr multiplets centered at 8 1.07, 2.85, and 7.3. The m-chlorobenzoic acid was filtered from the cool solution, and

A nal. Calcd for CnHuOS: C, 68.02; H, 7.27; S, 16.47. the chloroform solutions were washed twice with 100 ml of
Found: C, 67.99; H, 7.43; S, 16.32. saturated sodium bicarbonate and dried (MgS04); the solvent

l-(Methylsulfinyl)-l-(methylmercapto)-2,2-diphenylethylene was removed under vacuum. The residue was crystallized from 
was recrystallized from 1:1 ethyl acetate-hexane to give ma- 2:1:7 ethyl acetate-ether-hexane to yield 2.88 g (81%) of
terial: mp 108-110°; nmr 5 2.24 (s, 3, SCH3), 2.73 (s, 3, COCH3), crystals: mp 59-60° (recrystallization from 1:1 ether-hexane
7.10-7.45 (broads, 10, C6H5). raised this to 61-62°); ir (KBr) 1308 (S02), 1145 (S02), 1125

A nal. Calcd for Ci6Hi6OS2: C, 6 6 .6 6 ; H, 5.59; S, 22.20. (S02), 2180 (C=C) cm'1; pmr 8 3.30 (s, 3, S02CH3); 7.25-
Found: C, 66.39; H, 5.41; S, 22.49. 7.75 (m, 5, C6H5).

/S-fMethylsulfinyh-fi-imethylmercaptol-a-methylstyrene was A nal. Calcd for C sH 80 2S :  C , 80.00; H , 4.48; S ,  17.77.
recrystallized from 4:1 hexane-ether to give material, mp 101- Found: C, 60.11; H , 4.48; S ,  17.58.
102°, apparently a single stereoisomer: pmr 8 2.15 (s, 3, CH3), Dehydrochlorination of a-Chloro-(3-(methylsulfinyl)styrene
2.40 (s, 3, SCH3), 2.62 (s, 3, SOCH3), 7.00-7.45 (m, 5, C8Hb). (Reaction 9).— Reaction of 2.0 g (10 mmol) of the chloro sulfoxide

A nal. Calcd for CuHhOS2: C, 58.40; H, 6.24; S, 28.29. with 2.3 g (200 mmol) of potassium f-butoxide in 100 ml of THF
Found: C, 58.56; H, 6.02; S, 28.30. for 15 hr at 25° led to 1.31 g (89.3%) of methyl phenethynyl

/3-(Methylsulfinyl)-j3-(methylmercapto)-a-ethylstyrene was sulfoxide. The acetylenic sulfoxide was isolated by pouring the 
crystallized from 4:1 hexane-ether to give crystals, mp 82-84°, reaction mixture into 200 ml of ice-water followed by extraction 
apparently a single stereoisomer: pmr 5 0.99 (t, 3, C H 2CH3, with three 75-mi portions o f  chloroform. The chloroform ex-
J  — 7.5 Hz), 2.58 (broad s, 6 , SCH3, SOCH3, AS = 0.8 Hz), tracts were washed with water and dried (MgSO<) and the
2.94 (q, 2 , CH2CH3, J  = 7.5 Hz), 6.95-7.45 (m, 5, C6H6). solvent was removed under vacuum.

A nal. Calcd for C i2H i6O S 2: C, 59.99; H, 6.71; S, 26.64. «-Ethoxy-/3-(methylsulfinyl)styrene (Reaction 10). — Treatment 
Found: C, 60.00; H, 6.62; S, 26.62. of 2.00 g (10 mmol) of a-chloro-(S-(methylsulfinyl )styrene in 100

a-Chloro-/3-(methylsulfinyl)styrene3 (Reaction 5).— «-(Methyl- ml of THF with 200 mmol of sodium ethoxide yielded a crude oil
mercapto)styrene (20 g, 120 mmol) in 100 ml of methylene that was chromatographed to yield 1.80 g (86%) of a-ethoxy-d- 
chloride was treated with 18 ml (250 mmol) of thionyl chloride (methylsulfinyl)styrene: pmr 8 2.70 (s, 3, S O C H a ), 1.30 (t, 3,
dissolved in 20 ml of methylene chloride. The thkmyl chloride C H 2C H 3, J  = 8 Hz), 3.97 (q, 2, C H 2C H 3, /  = 8 Hz), 6.02 (s, 1,
solution was added dropwise at a rate sufficient to maintain = C H - ) ,  7.30-7.65 (m, 5, C 6H 5).
reflex. After addition of the thionyl chloride the mixture was A nal. Calcd for CnH]402S: C, 62.84; H, 6.71; S, 15.22. 
stirred for 4 hr at 25°. Removal of the solvent under vacuum Found: C, 62.62; H, 6 .8 6 ; S, 15.13. 
left a brown oil which was dissolved in 300 ml of hexane and
washed twice with 100 ml of 10% NaHC03 and dried over MgS04. t> • i. xr 1 ruir 1 , r  ,, „ _ ,
Distillation yielded 17.5 g (79%) of the chloro sulfide: bp 76-82° Registry No. l-(Methylsulnnyl)-2,2-diphenylethyl- 
(0.2 Torr); pmr (CDC13) 82.45 (s, 3, SCH3); 6.60 (a, 1, -CH=), ene, 21147-11-5; 0-methy]-0-(methylsulfinyl)styrene,
7.18-7.55 (m, 5, C6H6); ir (neat) 1670 cm-1  (C=C). 24378-01-6; a-chloro-0-(methylsulfinyl)styrene, 24377-
, Methyl Phenethynyl Sulfide (Reaction ei.-a-Chloro-fi- 96-6; «-methyl-0-(methyl-sulfinyl)styrene (cis), 
(methylsulfinyl)styrene (39 g, 0.21 mol) in 150 ml of ethanol was n>7 n •, t 1N , ;
added dropwise to a mixture of 29 g of KOH (0.5 mol) in 100 24377-97-7, a-methyl-^(methylsulfinyl)styrene (trans),
ml of ethanol. The mixture was refluxed overnight and filtered, 24377-98-8; a-ethy 1-/3-(methylsulfinyl)styrene, (cis),
and the solvent was evaporated by use of a water aspirator. 24377-99-9; a-ethyl-/3-(methylsulfinyl)styrene (trans),
The residue was distilled to give 23 g (63%) of material boiling 24378-00-5; l-(methyIsuffinyI)-l-(methyImercapto)-
atReactions Jand K t S i r i s  a single operation. 2,2-diphenylethylene, 24407-42-9; 0-(methy IsuIfinyI)-
Thus, the crude chloro sulfide obtained from 175 mmol of w- ^-(methylmercapto)^- a - methylstyrene, 24378-02-/ ; /3-
(methylmerapto)styrene upon removal of the methylene chloride (methylsulfinyl) -/3-(methylmercapto)-a-ethylstyrene,
was dissolved in 50 ml of ethanol and added to a mixture of 25 g 24378-03-8; methyl phenethynyl sulfoxide, 24378-04-9 •
of KOH m 200 ml of ethanol. After stirring for 12 hr at 60° the methyl phenethynyl sulfone, 24378-05-0; a-ethoxy-0-

(11) M. Schmidt and V. Potschka, Naturwissenschaften, 50, 302 (1963). (methylsulfinyl)Styrene, 24378-06-1,
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