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CARBORANES
In the course of their continuing studies of carborane-based 

chemicals, researchers at Olin Corporation have prepared a number of 
derivatives of general interest. Research quantities (100 g. or less) 
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e l A A b  i A i t h n l n a l  87886 1 ,7-Bis(hydroxydimefhylsilyl)-m- 1 g . -  22.20
§ 1 0 6 1  I G C lin iiil carborane, B,0H10C2[Si(CH3)2OH]2 5 g . -  98.00
I c n n w - h i l l i  87887 1,7-Bis(methoxydimethylsilyl)-m- 1 g . -  22.80
I l H U n  IliSIwii carborane, Bl0H10C2[Si(CH3)2OCH3l 2 5 g . -  99.00

Ask us for any of over . ,
2500 inorganic and organometallic 87888 1 ,2-Bis(chlorophenylphosphino)-o- 1 g .-  25.00
research chemicals, ultrapure carborane, B,oH10C2[P(C6H5)CI]2 5 g . -  110.00
chemicals, and pure metals, and 87889 Chlorophospha(lll)-o-carborane dimer, 1 g .-  30.00
you’ll get off-the-shelf, immediate [BI0H,0C2PCI]2 5 g . -  125.00
delivery.

Ask us for technical /n addition to these new offerings, the following are still available:
assistance, and you’ll get that too. 35131 o-Carborane, 1 g .-  22.00
That's what distinguishes Alfa B,0H,0C2H2 5 g . -  125.00
from the order takers. 07onn r- u 3 1onn87300 m-Carborane, 1 g. — 18.00

B ,oH,0C2H2 5 g. -  65.00
35124 1-Allyl-o-carborane, 1 g. — 23.00

B10HioC2H(CH2CH=CH2) 5 g . -  90.00
35125 1-lsopropenyl-o-carborane, 1 g. — 12.00

B10H,oC2HC(:CH2)CH3 10 g. -  88.00
35123 1-lsopropenyl-2-carboxylic acid-o- 1 g. — 14.00

carborane, B,0H10C2 [C(:CH2)CH3] (COOH) 10 g .-  95.00
35126 1-Vinyl-o-carborane, 1 g. — 14.00

B,oH10C2H(CH=CH2) 10 g. -  104.00

You may be interested in these, also:
87892 Decaborane, 5 g . -  25.00

B,0H,4 25 g. -  110.00
87870 Octadecaborane X d - ~  60.00

B ,8H22 1 g. -  225.00

Technical assistance, literature references, and other 
derivatives may be obtained through Alfa or direct from Olin's New 
Products Department.

Write for your free Alfa 70 Catalog. Alfa Inorganics, Inc.,
80 Congress Street, Beverly, Mass. 01915. Tel: (617) 922-0768.
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The condensation of 2-acyl-l,3-indandiones with various o-phenylenediamines gave benz[&]indeno[l,2-e] [1,4]- 
diazepin-12(5H)-ones (2a-s) in good yields. In some cases, depending upon the reaction conditions, the inter­
mediate noncyclic 1:1 adducts, 2-[l-(o-aminophenylimino)alkyl]-l,3-indandiones (la-d), or the 1:2 adduct, 2,2'- 
[o-phenylenebis(nitrilomethylidyne)]di-l,3-indandione (3), were obtained. The reactions of the carbonyl group 
of several benzindenodiazepinones 2 with hydroxylamine and with various hydrazines were investigated.

In a previous paper1 in this field, we described the Scheme 1»
reactions of 2-acyl-1,3-indandiones with aliphatic dia- R,
mines. Now we report the reactions of 2-acyl-l,3- I
indandiones with a variety of o-phenylenediamines with JO
the emphasis on a new class of compounds, the f  ¥  T  (| [ R;i
benz[5]indeno[l,2-e][l,4]diazepin-12(5H)-ones (2a-s,
Scheme I). q

The cyclization of open-chain /3-diketones with o- la_ d
phenylenediamine to give 2,4-disubstituted 1,5-benz- t \
odiazepines has been studied extensively,2 - - but prior /  \  H R2

to our work there has been no report on the cyclization || /  * | __/
of 2-acyl-1,3-indandiones with o-phenylenediamine. 0  R, /  / Nr - / ® \ _ R3
Two somewhat related reactions are described in the + — L------- h  4 | ¡j 3
literature, namely, the condensation of 1-chloroindene- \
2-carboxaldehyde and of l-oxo-2-indanglyoxylic acid 1 4 \ O R
with o-phenylenediamine to give respectively 5 ,12 - \ 1
d ih y d rob en z[5]in d en o [l,2 -e][l,4 ’diazepine5 and the J l  1  \ 2a s
corresponding 11-carboxylic acid .6 H2N \

In our study we found that addition of 2-acyl-l,3- 
indandiones to refluxing ethanolic solutions of 0- f
phenylenediamines, in the presence of an acidic cata- f JT  I N N JL J l  J
lyst, usually formic acid, gave benz [bjindeno [1 ,2-e ]-
[l,4]diazepin-12(5H)-ones (2a-s) in very good yields. 0  R, \  /  R, 0

Only in four cases, the intermediate noncychc 1:1 | (
adducts, 2-[l-(o-aminophenylimino)alkyl]-l,3-indan- R, R3
diones (la-d ), were isolated. The indandiones la  3
(Ri =  R 2 =  R 3 =  R 4 =  H) and lb (It; = CH3; “ For Hi, Ii2, I!3, and R. sec Tables I-III and Experimental
R2 =  R3 =  R 4 =  H) were obtained by adding the appro- Section, 
priate 2-acyl-1,3-indandione to o-phenylenediamine at
or below room temperature. The indandiones lc  N-phenyl-o-pher.ylenediamine was used in refluxing 
(Ri =  CH3; R2 =  R3 =  H; R 4 = C6H5) and Id (Rx — ethanol. When la and lb were heated to reflux in
CelR; R2 =  R3 =  H ; R 4 =  C6H5) were formed when dry ethanol or were treated with hydrochloric or per­

chloric acid in the cold, the corresponding ring-closed
(1) W. A. Mosher and S. Piesch, J . Org. Chem., 35, 1026 (1970). Compounds 2a (Ri R2 R 3 H) and 2b (Rl
(2) j . Thiele and g . steimming, Chem. Ber., io, 955 (1907). CH3' R, =  R3 =  H) were obtained. With the above
S  11S S T  V. " ‘ “ i f , T o .  a r t .,,, a. acids the salts of 2a and 2b were formed. Several at-

chem. Soc., 1132 (1959). tempts to ring-close lc and Id were unsuccessful, even
(5) M. Weissenfeis, h . Schurig, and g. Huhsam, chem. Ber.. 100, 584 when concentrated sulfuric acid or polyphosphoric acid

(1967). i
(6) J.  N. Chatterjea and K. Prasad, J. In dian  Chem. Soc., 34, 377 (1957). W&S USGu.
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T a b l e  I
11-Substitutbd BENZ[i>]lNDENO[l,2-e] [1,4]diazepin-12(5H)-ones (2, R2 = R3 = H)

R eaction Yield, Empirical *------------ Calcd, %------------ ■ •--------- Found, %--------- %
Compd R i M ethod tim e % M p, °C form ula C H N C H N

2 b CHs“ A 5 hr 8 6  299-3006 CuH nN jO  78.44 4 .65  10.76 78.03 4 .82  10.73
2c CiHs B 20 hr 60 2446 GwHuNjO 78.81 5.15 10.21 78.69 5 .27  10.06
2d C H (C H 3) 2 B 20  hr 75 202-203' C uH kN jO 79.16 5 .55  9 .64  79.30 5 .68  9 .64
2e CHiCHfCROi'* B 48 hr 60 204-205 CjoHuNjO 79.44 6 .00  9 .27  79.32 5 .80  9 .13
2f CH(CeHs)2 B 9 days 55 190-192' CssHsoNsO 84.44 4.89 6 .79 84.42 4 .98  6 .79
2 g CeHs A 20 hr 65 > 3 0 0 ' C »H i,N 20  82.00 4 .36  8 .69 81.85 4 .45  8 .64
2h CaHs-p-Cl A 15 hr 35 > 3 0 0 ' C 22H 13CIN 2O 74.05 3 .66  7 .85 74.20 3 .81 7 .74
“ Perchlorate, mp 300° dec. 6 Recrystn solvent: dioxane. ' Recrystn solvent: ethanol. d Perchlorate, mp 279° dec. ' Re-

crystn solvent: ethanol-dimethylformamide.

T a b l e  I I
7 (or 8),11-Disubstituted BENz[6]iNDENo[l,2-e] [1,4]diazepin-12(5H)-ones (2)

R 2 R eaction Yield, Em pirical .--------- Calcd, %--------- - .---------Found, % --------- .
Com pd R i or R 3 M ethod tim e % M p, °C form ula C H N C H N

2i C H 3 CHs“ A 10 hr 75 285 dec6 C isH hN sO 78.81 5 .15 10.21 78.93 5 .31 9 .96
2j CeHs CHs“ A 10 hr 65 276-2866 CssHnNsO 82.12 4 .80  8 .33 82.00 4 .85  8 .39
2k CHs Cl' '*  A 12 hr 80 298-300 dec6 CnHiiCINsO 69.27 3 .78  9 .51 69.55 3 .99  9 .3 2
21 CHsCH(CHs)2 C l ' B 36 hr 75 200' C joH iiCIN jO 69.01 6 .06  7 .32  68.95 6 .24  7.51
2m CH(C«Hs)i N O i' B 10 days 45 >3006 C jhH i.N sOj 76.20 4 .16  9 .17  76.44 4 .16  9 .11
2n C.Hs C l' A 36 hr 70 298-300 dec6 C22H 13CIN 2O 74.05 3 .66  9 .64  74.02 3 .82  9 .88
2o CeHs N O 2'  B 24 hr 60 >3006 C22H i3Ns0s 72.33 3 .59  11.50 72.11 3 .74  11.69

“ A mixture of 7 and 8 isomers is probably formed. 6 Recrystn solvent: ethanol-dimethylformamide. ' A single isomer (7 or 8)
is formed. d Perchlorate, mp 300. ' Recrystn solvent: ethanol.

T a b l e  I I I
7,8,11-Trisubstituted BENz[6]iNDENo[l,2-e] [1,4]diazepin-12(5H)-ones (2)

Reaction Yield, Em pirical .--------- Calcd, %--------- -. .--------- Found, %--------- ■
Compd Ri R 2 =  R 3 M ethod tim e %  M p, °C form ula C H N C H  N

2p CHs CHs A 10 hr 75 284-286 dec“ C i9H 16N 20  79.16 5 .55 9 .64  79.00 5 .74  9.63
2q CeHs CHs A 10 hr 75 >3006 C 2,H i8N 20  82.26 5 .18  8 .00  82.48 5 .16  8.41
2r CHs Cl A 10 hr 70 >3006 C 17H 10CI2N 2O 62.02 3 .06  8 .54 61.99 3 .40  8 .34
2s CH(CeH5)2 Cl B 3 days 70 260-2616 CssHisCUNsO 72.35 3 .77  5.82 72.24 4 .13  5.71

“ Recrystn solvent: dimethylformamide. 6 Recrystn solvent: ethanol-dimethylformamide.

Reverse addition of the reactants, o-phenylenedia- in the reaction with 2b, ll-methyl-12-(2-phenylhydra-
mine to 2-formyl-l,3-indandione, gave the 1 :2  adduct, zino)benz[&]indeno[l,2-e][l,4]diazepin-12(5H)-ol (5c)
2,2/-[o-phenylenebis(nitrilomethylidyne)]di-l,3-indan- was formed.8 Treatment of 2b, 2e, and 2g with hy-
dione (3, Ri =  R2 = R3 =  H). Attempts to ring- drcxylamine in dimethylformamide yielded respec-
close 3 failed. tively the 11-methyl-, 11-isobutyl- and 11-phenyl-

The structures of these compounds are based upon 12-hydroxyaminobenz[6]indeno[l,2-e][l,4]diazepin-12- 
the elemental analyses and are consistent with the (5H)-ols (6a-c).8 All attempts to dehydrate com-
infrared spectra. The benzindenodiazepinones (2a-s) pounds 5 or 6 to the corresponding hydrazones or ox-
are red crystalline compounds. Their melting points imes failed. Reaction of 5 or 6 with ethanolic hydro-
and elemental analyses are summarized in Tables chloric acid gave the characteristic blue salts 7. Treat-
I—HI. In neutral alcoholic solution these compounds ment of these salts with aqueous ammonia yielded the
show absorption bands between 300 m,u (e 14,000- benzindenodiazepinones 2. These benzindenodiaze-
35,000) and 430 m,u (e 3500-6000). In acidic solution pinones were also obtained when compounds 5 and 6
the absorption bands are shifted bathochromically were heated for several minutes in refluxing 95%  eth-
[325 mp  (e 20,000-35,000) and 640-675 m/u (e 400- and.
750)]. The infrared spectra show absorption peaks
at ca. 3300, at 1675-1640, and at ca. 1600 cm-1. n , TT , , , , ,. . , , ,

1 reatment Ol compounds 2a—S with concentrated m ay open in the  reaction with substitu ted  hydrazines and  w ith hydroxylam ine 
hydrochloric or perchloric acid gave the corresponding t0 s*ve the ¡someric structure, 
salts, which have a characteristic intense blue color and
a metallic luster. Anhydrous hydrazine reacted with NH—i  )
2b (Scheme II) in ethanolic solution, splitting off o- ^
phenylenediamine and yielding the known hydrazone [  IT Jl NH2
of the 3-methylindeno [l,2-c]pyrazol-4(lH)-one7 (4). X ^ j | v'C=N— A

Treatment of 2b and 2g with 1,1-dimethylhydrazine 0 I
in dioxane gave respectively the 11-methyl- and 11- CH3
phenyl-12- (2,2-dimethylhydrazino)benz[6]indeno[l,2- A = NHR, NR., or OH

[lj4]diaZepin-12(5H)-ols (5a and 5b). When phe- The mass spectral fragm entation patterns of products 5c and 6a are very
nylhydrazine was used in place of 1,1-dimethylhydrazine sim ilar to  th a t  of the  starting  m aterial 2b, afte r the  loss of th e  phenylhy-

drazine and of hydroxylamine, respectively. These results support the struc-
(7) R. A. B raun and W. A. Mosher, J . Amer. Chem. Soc., 80, 4919 (1958). tures given to  compounds 5 and 6.
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Scheme II cipitate was collected by filtration and washed with cold ethanol
„  to give an 80% yield of la, as fine yellow needles of mp 197° dec.
| A nal. Calcd for Ci6Hi2N202: C, 72.71; H, 4.58; N, 10.60.

/ = \  Found: C, 72.85; H, 4.63; N, 10.43.
---- r f  A solution of la in dry ethanol, refluxed for 10 min, yielded 2a,

I Jl II / — ' as red needles. Treatment of la with cold perchloric acid gave
H the characteristic blue salt of the ring-closed compound 2a.
I HN HO I 2-[l-(o-Aminophenylimino)ethyl]-l,3-indandione (lb, Ri =

I CH3; R2 = R3 = R4 = H).—2-Acetyl-l,3-indandione was allowed
| |j j || R. to react with o-phenylenediamine as described above for la

^ — R, 0 (reaction time 20 min) to give fine yellow needles of lb, con-
| r Tj _ pn . r, _ w/pu \ taminated with a small amount of the ring-closed compound 2b.
N ’ 1 Anal• Calcd for C„HMN202: C, 73.36; H, 5.07. Found:
| b> Ri= ceH=; R5 = N(CH,h c , 73.73; H, 5.38.

c, Rj = CH:i; R5 = NHC6Hr, The perchlorate of the ring-closed compound 2 b was obtained
4 R =CH / 88 ^ Ue crystaIs treatment of lb with cold perchloric acid.

’ 1 3 v n,h, NH'Ri/ / 95% \ Upon refluxing lb in dry ethanol 2 b was formed as red needles.
1 / /  Et0H \ 2-[l-(o-Anilinophenylimino)ethyl] 1,3-indandione (lc, Ri =

'  H r , \ CH3; R2 = R3 = H; Ri = CeH5).—2-Acetyl-l,3-indandione was
| /  \ allowed to react with N-phenyl-o-phenylenediamine as described

\ in method A (reaction time 7 hr) to give an 80% yield of lc,
f M l ---- iî  ° \ _ _ y  \ as deep yellow needles of mp 218° (dioxane or 1-propanol).
L i Jl 12J1 10/ ' \ A nal. Calcd for C23HhN202: C, 77.94; H, 5.12, O, 9.03.

\ Found: C, 78.21; H, 5.29; 0 ,9.20.
jl ^ HCI \ 2-[(o-Anilinophenylimino)benzyl]-1,3-indandione (Id, Ri =

1 E(0H \ C6H6; R2 = R3 = H; R4 = C6H6) was prepared from 2-benzoyI-
= = / 1,3-indandione and N-phenyl-o-phenylenediamine as described

2 3  / in method B (reaction time 24 hr). A 60% yield of Id, as brown-
2b, Ri = CH3 / ish yellow needles of mp 185° (1-propanol), was obtained. The
e, Rj = CH2CH(CH3)2 / 1-propanol solution fluoresces deep red under ultraviolet light,

p p rj j  A nal. Calcd for C28H20N2O2: C, 80.77; H, 4.84; O, 7.66.
/  y S’ 1 6 5 v / Found: C, 80.83; H, 5.13; 0 ,8.73.

NH2OH / /  \  nh oh / Compounds lc and Id failed to give the perchlorates of the
/ /  9 5 % 95?° \  ' / corresponding ring-closed compounds by treatment with per-

/  /  Et0H EtOH / chloric acid.
'  Benz [b] indeno [ 1,2-e] [1 ,4| -diazepin-12(5H)-one (2a, Ri =

H H R2 = R3 = H).—A solution of 2-formyl-l,3-indandione (10 g,
I / = . I /= \ trpi 57 mmol) in ethanol (200 ml) was added dropwise over a 3-hr
—(( \  llrn ^ \ period to a refluxing solution of formic acid (2 ml) and o-phenyl-

p |t j|̂  \ _f t  ___ *. j || jf* \ _y  enediamine (10 g, 100 mmol) in ethanol (200 ml). The mixture
EtOH was re®uxe<̂  f°r 1 additional hr and then filtered rapidly through

/ x  |"  I] a sintered-glass funnel. The insoluble yellow material was shown
HN HO 0 R4 to be compound 3 (Ri = R2 = R3 = H), formed as a by-product.

I The deep red filtrate was concentrated to 100 ml by distillation
OH 7 and yje residue allowed to stand at room temperature. The

6a R = CH dark red solid was collected and recrystallized from dioxane or
’ t> _ prr p u / p u e t h a n o l  to give a 60% yield of 2a, as deep red needles of mp 287°
’ 2 ( 3)2 dec: Xmax, m/a («), in neutral alcoholic solution 300 (14,000), 328

c, R! = C6H5 (12,000), 342 (10,000), 413 (7500), and 435 (6000); in acidic
solution, 325 (20,000), 350 (11,000), 570 (1000), 618 (1000), 675 

t. . (650); ir 3300,1675-1650,1600-1525 cm-1.
Experimental Section A m d  Calcd for OieHÄÖ: C, 78.03; H, 4.09; N, 11.38.

2-Acyl-l,3-indandiones.— 2-Formyl-l,3-indandione was pre- Found: C, 77.83; H, 4.20; N, 11.41. . . .
pared as described in ref 1 from triethyl orthofoimate, acetic Treatment of the mother liquor o 2a with concentrated hydro-
anhydride, and 1,3-indandione. All the other 2-acyl-l,3-in- chloric acid gave the corresponding hydrochloride as blue crystals 
dandiones were prepared according to known methods10-11 from oimp/b» . TT at ^ TT™ ^ „  0 AO AT
dimethyl phthalate and the appropriate methyl ketones in the ^ na ,̂ o ^  ^  CieHioi^O-HCl. u  o no at n l’!  5 rV 
presence of sodium amide12 instead of sodium methoxide. It was ^91; Cl, 12.54. Found: C, 68.06; H, 3.93; N, 9.82; Cl,
found that sodium amide generally gives better yields than sodium 14.39. ..................
methoxide. For example, in the preparation of 2-(p-chloro- Mono-Di-, and Tnsubsti uted Benz[5]mdeno[l,2-e [ 4]d.a-
benzoyl)-l,3-indandione, 70% yields were obtained using sodium zepm-12(5H)-ones (2 b-s) Method A .-A  solution of the ap-
amide (the reported-1 yield using sodium methoxide is only 5%). propnate 2-acyl-l,3-indandione (90 mmol) m ethanol (200 ml,

2 -[(0-Aminophenylimmo)methyl]-1,3-indandione (la, R, = or more if necessary to obtam a solution) w^ added dropwise over
r 2 = r 3 = r 4 = H).—A solution of 2-formyl-1,3-indandione a 2-hr period to a refluxnrg and stirred solution of the appropriate
(5 g) in ethanol (100 ml) was added dropwise over a period of 5 o-phenylenediamine (90 mmol) in a mixture of formic acid (2 5
min to a stirred, cold solution of an excess of o-phenylenediamine m ) and ethanol (1000 ml). e mix ure was re uxe or e
(3 g) in acetic acid (2 ml) and ethanol (50 ml). The yellow pre- -me indicated in Tables I-III The product was then col- 

62 lected by filtration at room temperature, washed with cold
-------------- methanol, and recrystallized from suitable solvents (see Tables

(9) Melting points were determined with a Fisher-Johm melting point H ill) to give red needles (except 2p, red plates and 2r, violet-red
apparatus and are uncorrected. The infrared spectra were recorded with a prisms). Compound 2h. Xmax, m/z (e), in neutral alcoholic SO U-
Perkin-Elmer Infracord Model 137 (Nujol), and the electron spectra were tion, 325 (25,000), 340 (18,000), 390 (5000), 410 (3500); m acidic
recorded with a Perkin-EImer 202 instrument. Mass spectra were taken solution, 335 (35,000), 540 (1100), 640 (500); ir 3400, 1640, and
with a CEC 21/110B mass spectrometer. Elemental analyses were per- 1600 cm-1. Compound 2r: Xmax, m/a (e), in neutral alcoholic
formed by Dr. A. Bernhardt, Mikroanalytisches Laboratorium, Max Planck solution, 310 (35,000), 340 (12,000), 390 (5500), and 410 (4000);
Institut für Kohlenforschung, Mülheim (Ruhr), West Germany. Jn  a g i jig  solution, 325 (30,000), 540 (850), 585 (850), and 640

(10) L. B . Kilgore, J .  H. Ford, and C. W. Wolfe, Ind. Eng. Chem., 34, (750). ;r 3 3 ^  1650j and 1590-1550 cm“1. 49
49V Z t ,  Horton and K. C. M urdock,./. Org. Chem., 25, S38 (1960). , additional amount of product (about 5% of the yield given

(12) L. Gattermann, "D ie Praxis des Organischen Chemikers,” 38th ed, m Tables I-III) was obtained, as the hydrochlorides or per-
Walter de Gruyter and Co., Berlin, 1958, p 220. chlorates, by adding 20 ml of the appropriate concentrated acid
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to the mother liquors and precipitating the blue salts by addition [l,2-c]pyrazol-4(lH)-one 4-hydrazone, obtained from 2-acetyl- 
of ether. 1,3-indandione and hydrazine,7 was established by mixture melt-

Method B.—The appropriate 2-acyl-l,3-indandione and the ing point determinations and by comparison of the ir spectra, 
appropriate o-phenylenediamine were condensed as described in Reactions of 2 b, 2 e, and 2 g with Hydroxylamine.—The follow-
method A except that, after the reaction time indicated in Tables ing general procedure was used. A mixture of hydroxylamine hy-
I—III, the mixture was concentrated to 150 ml and allowed to drochloride (55 mmol) and sodium acetate (55 mmol) was added
stand for 2 days. The solid was collected by filtration, washed in one portion to a stirred, cold solution of the appropriate benz-
twice with methanol (25 ml), and recrystallized from a suitable indenodiazepinone 2 (50 mmol) in dimethylformamide (100 ml),
solvent (see Tables I—III) to give red needles (except 2f, red The agitation was continued until the solution turned dull yellow,
plates). Compound 2 c: Xmax, m/j (e), in neutral alcoholic solution, Then the reaction mixture was poured into 600 ml of vigorously
400 (6000); in acidic solution, 550 (680), 590 (630), and 650 (400); stirred ice-water. (The reverse procedure, i .e . , addition of
ir 3300, 1645, and 1580-1550 cm“1. Treatment of the mother water to the reaction mixture, caused decomposition of the prod-
liquor with concentrated hydrochloric or perchloric acid gave an uct giving the starting material.) The yellow precipitate was
additional amount of product, as the corresponding salt of in- collected by filtration, washed with ice-water, dried over P206,
tense blue color. and recrystallized from anhydrous solvents.

2,2'- [o-Phenylenebis(nitrilomethylidyne)] di-1,3-indandione 12-Hydroxyamino-l 1-methylbenz [6] indeno [ 1,2-e] [1,4] diaz-
(3, Ri = R2 = Ra = H).—A solution of o-phenylenediamine (2.5 epin-12(5H)-ol (6 a) was obtained in 90% yield as yellow plates
g) and formic acid (0.5 ml) in ethanol (50 ml) was added dropwise of mp 205° dec (dioxane-hexane or ethanol) by reaction of 2b
over a period of 15 min to a refluxing solution of 2-formyl-l,3- with hydroxylamine for 5 hr. The mass spectrum of 6 a revealed
indandione (5 g) in ethanol (100 ml). The mixture was then a molecular ion peak at m /e  293 with abundant fragment peaks
cooled to room temperature and the precipitate was collected at m /e  278, 260, 245, 231, 219, 190, 160, 133, 130, 115, 108,
by filtration. A 90% yield of 3, as bright yellow plates of mp 1 0 2 , 92, and 77. The mass spectrum of the starting material 
>300° (dimethylformamide), was obtained. 2b is reported above (see compound 5c).

A nal. Calcd for C26H16N204: C, 74.28; H, 3.84; N, 6 .6 6 . A nal. Calcd for C„H16N302: C, 69.62; H, 5.16; N, 14.33.
Found: C, 74.27; H, 3.73; N, 6.75. Found: C, 69.28; II, 5.40; N, 14.43.

Compound 3 failed to cyclize by treatment with perchloric, 12-Hydroxyamino-ll-isobutylbenz[5]indeno[l,2-e][l,4]di-
sulfuric, or polyphosphoric acid. azepin-12(5H)-ol (6 b) was obtained in 75% yield as brownish

Reactions of 2b and 2g with Hydrazines.—The general pro- yellow plates of mp 215° dec (ethanol) by treating 2e with hy-
cedure used was as follows. The appropriate anhydrous sub- droxylamine for 1 0  hr.
stituted hydrazine (75 mmol) was added to a stirred, cold solution A nal. Calcd for C2oH2iN302: C, 71.62; H, 6.31; N, 12.53.
or suspension of the appropriate benzindenodiazepinone 2  (50 Found: C, 71.75; H, 6.23; N, 12.46.
mmol) in anhydrous dioxane (100 ml), followed by the addition 12-Hydroxyamino-ll-phenylbenz[6]indeno[l,2-e] [l,4]diaz-
of anhydrous formic acid (0.5 ml). Agitation was continued for epin-12(5H)-ol (6 c) was obtained in 55% yield as deep yellow
about 5 hr. Then the reaction mixture was evaporated to dry- crystals of mp 223° (ethanol or dioxane-hexane) by reaction of
ness under reduced pressure at room temperature and the residue 2 g with hydroxylamine for 1 0  hr.
was recrystallized from a suitable solvent. A nal. Calcd for C22Hi7N302: C, 74.35; H, 4.82; N, 11.82.

12-(2,2-Dimethylhydrazino)-l 1-methylbenz[6 ]indeno[ 1,2 -e]- Found: C, 74.12; H, 4.96; N, 12.37.
[1.4] diazepin-12(5H)-ol (5a) was obtained in 60% yield, as Miscellaneous Reactions of Compounds 5 and 6 .— These
yellow-red plates of mp 172° (anhydrous ethanol or dioxane- compounds reduced silver nitrate solution in the cold. When
hexane) by reaction of 2b with 1,1-dimethylhydrazine. refluxed for a few minutes in 95% ethanol they gave the corre-

A nal. Calcd for C]9H2oN40: C, 71.23; H, 6.25; N, 17.49. sponding benzindenodiazepinones 2  and when treated with hy-
Found: C, 71.22; H, 6.33; N, 17.31. drochloric acid in ethanol solution produced the blue hydrochlo-

1 2-(2 ,2 -Dimethylhydrazino)-ll-phenylbenz[6]indeno[l,2 -e]- rides 7. Treatment of these salts with aqueous alcoholic solu-
[1.4] diazepin-12(5H)-ol (5b) was obtained in 40% yield as yellow tions of ammonia gave the corresponding bases 2 . 
needles of mp 2 1 0 - 2 1 2 ° (dioxane-hexane) by reaction of 2 g
with 1 ,1-dimethylhydrazine. Registry No.— la , 24472-20-6; lb, 24515-43-3;

A nal. Calcd for C24H22N40 : C, 75.37; H, 5.80; N, 14.65. lc> 24472-21-7; Id, 24472-22-8; 2a, 24472-23-9;

°U ll-Methyl-12-(2-phenyihydrazino)benz[6]indeno[l,2-e][l,4]- 2a 24472-24-0; 2b, 24472-25-1; 2b (HClOi),
diazepin-12(5H)-ol (5c) was obtained in 40% yield as yellow 24467-34-3; 2c, 24472-26-2; 2d, 24472-27-3; 2e, 24472-
plates of mp 165-168° (ethanol) by reaction of 2 b with phenyl- 28-4; 2e (HCIO4), 24523-21-5; 2f, 24472-29-5; 2g,
hydrazine. In the mass spectrum of 5c, there was molecular 24472-30-8; 2b, 24472-31-9; 2i (7 isomer), 24472-
i Z Po f ,  a9t,T/ 9i3Q8iQnth1f 9U1a? i?\ n zSa f nt T 77 353’ 32-0; 2i (8 isomer), 24472-49-9; 2j (7 isomer), 24472-260, 245, 231, 219, 190, 132, 115, 108, 92, and 77. The mass ’ > , . _ m  o. o oaavo or o.
spectrum of the starting material 2b revealed a molecular ion 34-2, 2] ( 8  isomer), M47-.-O0-2, 2p, 244/2-35-3,
neak at m /e  260 with abundant fragment peaks at m /e  245, 231, 2q, 24472-36-4; 2r, 24472-37-5; 2s, 24472-38-6; 3a,
■ '19,190,130,115,108,1 0 2 , and 77. 24472-39-7; 4,24472-40-0; 5a, 24472-41-1; 5b, 24472-

Anal. Calcd for C23H2oN40: C 75.18; H, 5.21; N, 15.25. 42-2 ; 5c, 24472-43-3; 6a, 24472-46-6; 6b, 24472-47-7;
.cound. v j  7 5 .2 7 , XX, 5 .5o , W ? X4 .7 2 . - O/I/170 /IS Q

3-Methylmdeno[l,2-c]pyrazol-4(lH)-one 4-Hydrazone (4).— 0C’ 344/2-48-0.

2 S  * ? ^ * * " ' w * t h e
yellow crystals of mp 250-255° were obtained. The identity of valuable assistance ol Dr. Mario i . barton m connec-
this compound with an authentic sample of 3-methylindeno- tion with this research.
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Stereochem istry of Nucleophilic Displacements by Amines on
Activated Vinyl Halides

W illiam  E. T ru ce  and M artin L. Gorbaty 

T h e  D e p a r tm e n t  o f  C h em istry , P u r d u e  U n iv ers ity , L a fa y e t t e ,  I n d ia n a  4 7 9 0 7  

R ece iv ed  O ctober 1 5 , 1 9 6 9

Displacements by ethylenimine on several activated vinylic chlorides (CIC=CZ, where Z = C02Et, S02Ar,
CN, and PhCO) proceed with retention of configuration.

Nucleophilic substitution reactions on vinyl halides /3-substituted crotonate system, where there was no
activated by electron-withdrawing groups generally /3-vinyl hydrogen, assignments were based on the chemi-
proceed readily and with retention of geometric configu- cal shift of the /3-methyl group, which is known to
ration.1-6 However, like displacements by amines absorb at lower field when cis  to the ester group.10

XCH=CHZ +  N :__=► NCH=CHZ +  X: When ethyl ras-/3-chloroacrylate was treated with
Y , , „ diethylamine, ethyl trans-3-(diethylamino) acrylate was

’ isolated. However, reaction with 1 gave exclusively
were reported to proceed nonstereospecifically, i.e., ethyl eis-fi-(ethylenimino)acrylate. Treatment of ethyl
only one product isomer being obtained from both cis ¿rans-/3-chloroacrylate with 1 gave only frans-substitu-
and tram  substrates.2-6e-6c’d Recently, it was shown tion product. Comparison of these data with those
that activated cfs-enamines readily isomerize to the obtained from the addition of 1 to ethyl propiolate
more thermodynamically stable trans structures either (Table II) excluded an elimination-addition sequence,
by thermal7a'b or acid-catalyzed processes.70 These and, therefore, a substitution mechanism (involving a
isomerizations were precluded by use of ethylenimine dipolar adduct) is proposed for these reactions.
(l) ,7a'8 presumably because the ring strain effect mini- Likewise, ethyl cis- and ¿rons-/3-chlorocrotonates6a-n 
mized contribution in the product from zwitterionic res- reacted with 1 in a stereospecific manner. Comparison
onance form 2, which, by lowering the bond order, would of these data with those in Table II for the addition of 1
have facilitated a thermal isomerization. Also, owing to ethyl tetrolate precludes an elimination-addition
to lower basicity, the adductfro m ethylenimine is less mechanism.
subject to an acid-catalyzed isomerization. Incidentally, with the /3-aminocrotonates, the cis

+ isomer being the more thermodynamically stable7“-12
p N  CH=CHZ < x * 1>N=CH— CHZ accounts for why only cfs-/3-aminocrotonates were iso-

2 lated from displacement by simple secondary amines on
In a brief communication,8 the preliminary results of b,oti  the f  and tr? ns substrates60-«1.12 In fact, other

the reactions of 1 with /3-chloroacrylic esters and anal- electron-releasing (resonancewise) substituents (e g.,
ogous sulfones were presented. To establish the ch ore andethylthio) tram  to the carbethoxy substitu-
generahty of stereospecific displacements by 1, four ent generally constitute the more stable configuration
additional systems were studied, and the results are ° f tbe corresponding substituted crotonates.6“ The
summarized in Table I. The reactions were carried out f eater stabdlty of / h ese(CIS catenates is accountable
in benzene and in absolute ethanol, at 0 -25°. The b y a  contribution from form 3 like resonance inter-
configurational assignments were made on the basis of afctl° n bemS > ss wf h th(? geometrical isomers because
the a-  and /3-vinyl proton coupling constants.0 For the ° f S*enc “ “ i® “ *? c o p W i t y ;  support for this con-

cept is provided by dipole moment studies.70
(1) (a) S. Patai and Z. Rappoport, “The Chemistry of Alkenes,” Inter­

science Publishers, Inc., New York, N. Y ., 1964, p 525 ff; (b) Z. Rappoport, ~
Advan. Phys. Org, Chem., 7, 1 (1969). O H 3 C U 2iht C H 3

(2) F. Scotti and E . J .  Frazza, J .  Org. Chem.., 29, 1800 (1964). n / \  v
(3) (a) D. Landini and F. Montanari, Chem. Commun., 180 (1967); ^  ^

(b) A. N. Nesmeyanov, M. I . Rybinskaya, and T . G. Kelekhsaeva, Zh. Org. /  \ V  N
Khim ., 4, 921 (1967); (c) F . Montanari, D. Landini, and B. Cavalchi, ^ ^  ^
J .  Chem., Soc. C, 1204 (1969). 3

(4) (a) S. I. Miller and P. K . Yonan, J .  Amer. Chem. Soc., 79, 5937 (1967);
(b) G. Marchese, G. Modena and F . Naso, Tetrahedron, 24, 663 (1968). The reactions of M S- ( 4 a )  and t r a U S -l-chlorO-2-(p-

(5) (a) l . Maioii and g . Modena, Gazz. Chim. itai., 89, 854 (1959); tolylsulfonyl) ethene (4b) with 1 proceed with complete
(b) G. Modena and P. E . Todesco, ibid., 866 (1959); (c) G. Modena, P. E . . , • £ n a t * •
Todeaco, and s. Tonti, md., 89, 878 (1959); (d) f . Montanari, Boll. sd. retention of configuration. An elimination-addition
Fac. Chim. in d . Bologna, 16, 3i (1958); (e) s. Ghersetti; g . Lugii, g . mechanism for 4 a  deserves consideration in view of the
Melloni, G. Modena, P. E . Todesco, and P. Vivarelli, J .  Chem. Soc., 2227 t r a n S  stereoselectivity for addition of the amine to the

(6) (a) D. E. Jones, r . o. Morris, c. a . Vernon, and r . f . m . white, ethynyl sulfone (Table II). However, MMena, et al; ,5e
M d., 2349 (1960); (b) w. e . Truce and j . s. pizey, j . Org. Chem., have shown through rate studies that amines react with
so, 4355 (1965); (c) r. Vessiere, Bull. Soc. chim Fr., 1645 (1359); (d) j . s. 0-halovinyl sulfones by a direct substitution mechanism,
Pizey and W. E . Truce, J .  Chem. Soc., 865 (1964). ^ J  J  . . . . .  . . .

(7) (a) W. E . Truce and D. G. Brady, J .  Org. Chem., 31, 3543 (1966); &nd SUCh characteristics Ol the elimmatlOn-addltlOn 
(b) Y . Shvo and H. Shanan-Atidi, J .  Amer. Chem. Soc., 91, 6683, 6689
(1969); Y . Shvo and I. Belsky, Tetrahedron, 25, 4649 (1969); (c) R. Huisgen, (10) (a) R. Morris: C. A. Vernon, and R. F . M. White, Proc. Chem. Soc.
K. Herbig, A. Siegel, and H. Huber, Chem. Ber., 99, 2526, 2546 (1966). London, 303 (1958); (b) L, M. Jackman and R. H. Wiley, J .  Cheni. Soc.,

(8) W. E . Truce, J .  E . Parr, and M. L. Gorbaty, Chem. In d . (London), 2886 (1960).
660 (1967). (11) cis and trans refers to the positions of the methyl and carbethoxy

(9) L. N. Jackman, “Applications of Nuclear Magnetic Resonance groups.
Spectroscopy to Organic Chemistry,” Pergamon Press, Inc., New York, (12) A. Sanchez, M. T . Aldave, and U. Scheidegger, J .  Chem. Soc., C,
N. Y ., 1959, pp 85-87. 2570 (1968).
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T a b l e  I
Stereochemistry of the Reaction of Ethylenimine with C1C(R)=CHZ

-̂----------------------------------------- Substrate--------- *---------------- ---------------- - ------------- ------------------------------— —Product---------------------------------------  1 • '
R  Z Configuration % cisa % irons'1 Bp (mm) [mp], °C

H COiEt cis 100'' 0 41 (0.2)
H C02Et tram 06 100 82 (1.0)
CH3 C02Et cis 100 0 86 (6.0)
CH3 COsEt trans 0 100 97-98 (9.0)
H Ts cis (4a) 100'' 0 [88-89]
H Ts trans (4b) 0" 100 [68-70]
H CN >97% cis (Sa) >97 <3 78-79 (11.0)
H CN trans (5b) 0 100 86 (9.0)
H COPh” cis (6a) 85 (8a) 15 (8b) Oil
H COPhc trans (6b) 0 100 Oil
H p-NO-iCcH/, cis No reaction
H p-N02C6H4 trans No reaction

“ Determined from nmr analysis of crude and purified products. 6 Reference 8. c Reactions carried out only in benzene.

Table II Until recently cis isomers of /3-halo vinyl ketones were
Additions of Ethylenimine to ZC=CR unknown.16 Montanari,3a’c and Nesmeyanov3b success-

.-------Substrate------ . .-------Product“-------. fully prepared aryl m-.S-chlo rovinyl ketones, and
R z solvent % cis % trans showed that displacements by thiolate3a’° and azide3b

H C02Ets Benzene 10 90 proceeded with retention of configuration.
Ethanol 56 44 When either phenyl cis- or ¿rans-/3-chlorovinyl ke-

3 2 t Ethanol 64 ?lhc t ° ne:la was allowed to react with diethylamine, only
H S02C,H75 Benzene ^95 ^5 ’ P*1̂ 1 ton^-(diethykm ino)vinyl ketone (7) was

Ethanol 100 0 PKPO TT
H CN Benzene 93 7 benzene or \  /

Ethanol 95 5 PhCOCH=CHCl + Et2N H -------- > C=C
H COPh Benzene 36 64 6a, cis ethanol /  \

Ethanol 23 77 b, trans H NEta
H p-N02C6H4 Benzene No reaction

. Ethanol No reaction obtained. The results of the reaction of 6a and 6b with
“ Determined by nmr analysis of the crude mixture. 6 Ref- , • b snmmfirizeri in Table T- those of the

erence 7a. « Yessiere, el al. [C. R. Acad. Sci. P aris, Ser. C, 267, 1 ,1R PenzeR® are summarized in I able 1, those OI the
426 (1968)] report 86% cis and 14% trans in benzene and 60% additions of 1 to phenyl ethynyl ketone are summarized
cis and 40% trans in ethanol. in Table II. The product of the reaction of 1 with 6b

in absolute ethanol was an amorphous yellow solid, 
mechanism as were observed in the displacement believed to be polymeric material, which was not
reactions by amines were claimed to be due to small characterized.
amounts of alkoxide ion generated by the amine-alcohol When 6b was allowed to react with 2 equiv 
equilibrium (stoichiometric amount) of 1, there was obtained an oil

of which 95%  was phenyl frans-/?-(ethylenimino)vinyl 
R2NH +  R'OH R2NH2 +  RO- ketone (8b) and 5%  0,/3-di(ethylenimino)propiophenone

It  is highly unlikely that 1 could participate in such an PhCOCH=CHCl + 1 — ► 
equilibrium owing to its low basicity (pAb =  6.1),13 and 6b
consequently, reaction of 1 with 4a as well as with 4b is
postulated to proceed by a direct substitution pathway. PhCO H

Besides carbethoxy and arylsulfonyl, a third activat- \>=C + phCOCH CII (N<1)
ing group employed was cyano as in cis- and trans- /  \ 9 ^ 2
chloroacrylonitriles.14 The cis isomer (5a), containing H N
2-3%  trans isomer (5b) was used as such, while 5b was g(} ^
obtained pure. The results of the reactions of 1 with 3 *
5a and 5b are summarized in Table I. Although the (9)_ The latter no doubt arises from the addition of j to
a s  product contained^approximately 2-3% iron.product, 8 since 9 is also formed when excess :  is added to phenyl
there can be no doubt that the reaction is stereospecific, eth l ketone. 0ther caseg where x adds to activated
because no more of the irana product was found than olefins are the additions to substituted acrylonitrileS^
there was trans substrate. The results of the addition and to i )2-bis(p-tolylsulfonyl)ethene.13
of 1 to propiolonitrile are included in Table II. Here
again an elimination—addition15 pathway cannot be (16) In our attempts to prepare methyl c£s-jS-chiorovmyl ketone, c -
excluded for the cis isomer based only on these results, chloroacrylie acid was treated with 2 equiv of methyllithium according to 
but is considered unlikely owing to the basicitv of 1. th? prt°cetdure * *  Chem. Scand  6 782 (1952) However,

J  v only starting material could be recovered. Undoubtedly, the lithium salt
of m-#-ehloroacrylic acid was so insoluble in ether that further reaction

(13) G. J .  Buist and H. S. Lucas, J ,  Amer. Chem. Soc., 79,  6157 (1957). with methyllithium was not realized.
(14) A. N. Kurtz, W. E . Billups, R . B . Greenlee, H. F. Hamil, and W. T . (17) L. H. Chance, D. J .  Daigele, and G. L. Drake, Jr ., J .  Chem. Eng.

Pace, J .  Org. Chem., 30, 3141 (1965). D ata, 13, 442 (1968); H. Bestian, Justus Liebigs Ann. Chem., SG6, 210
(15) W. E . Truce and M. M. Boudakian, J .  Amer. Chem. Soc., 78,  2748 (1950).

(1956). (18) j .  g# Meek and J .  S. Fowler, /. Org. Chem., 33, 985 (1968).
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T a b l e  I I I

C h e m ic a l  S h if t s  o f  t h e  a  P r o t o n s  o f  Trans YC(R)=CHZ
Registry no. Z R  Y  oh« “ AS /hh6 Solvent

1883-81-4 COjEt H t>N 5.25 13.0 CDC13
13894-28-5 Et*N 4.43 0.82 13.0 CCl,
15358-63-1 COjEt CHs [>N 5.20 CDC13
6288-65-9 e N̂ 4.64 0.56 CDC13

Piperidino 4.67 0.53 CCL,
23220-69-1 CN H [>N 4.71 14.0 CCl,

Piperidino' 3.90 0.81 14.0 CDC13
Morpholine)“* 3.93 0.78 14.0 CDC13
Pyrrolidino'* 3.64 1.07 13.5 CDCls

16491-06-8 S02C7H7 H [>N 5.58 13.0 CDC13
ELN2 4.90 0.68 14.0 CDCls
M̂ N* 4.90 14.0 CDCU

PhCO H [>N 6.40 13.0 CDCls
EtjN 5.74 0.66 12.9 CDCls

“ * (parts per million) from tetramethylsilane. b Coupling constants are given in cycles per second. ' Reference 6. d T. Sasaki,
T. Yoshioka, and K. Shoji, J .  Chem. Soc., C, 1086 (1969). • Reference 7a.

The reaction of 2 equiv of 1 with 6a in ben- Hence, it was desirable to determine at least qualita-
zene led to an oil which consisted of 71%  phenyl cfs-/?- tively, if there is greater zwitterionic character in the
(ethylenimino)vinyl ketone (8a) and 14% 8b, in ratio ground state of activated enamines from simple amines
of 85:15, and 14% 9. Use of 1 equiv of 1 with 6a gave than in those from 1. Such contribution would be
a mixture of 57% 8a and 9.5%  8b (in a ratio of 85:15)
and 22.1%  6a and 11.4% 6b (ratio of 66:34). R' R' R'

The reaction of 1 with 6a appears to be at least largely r^r, .  ̂ N''r , ,niJ ~
stereospecihc. Ihe fact that some 6b was observed /  #  f
when a deficiency of amine was used indicated that 6a 1UN R2N+ RiN+
was being isomerized, probably through acid catalysis.
One equivalent of hydrogen chloride, and thus presum- expected to produce a pronounced shielding effect on
ably 1 equiv of amine hydrochloride, was formed the a proton in the nmr spectrum, causing an upheld
for every equivalent of substitution product formed. shift of the signal.23 Thus, the chemical shifts of the
The conjugate acid of 1 should be acidic enough (pK & =  a  protons in a series of /3-enamino compounds of the
8.0) to provide the acid catalyst. It is kncwn that 6a same configuration should offer an estimate of the im-
is extremely sensitive to acid, and will isomerize in its portance of zwitterionic character in the ground state.
presence.3 The data in Table II rule out an elimina- It can be seen from the data in Table III that there is a
tion-addition sequence. considerable upheld shift of the a  protons of enamines

A hnal system, which was studied briehy, was the derived from simple amines relative to those derived
pair, cis- and ¿nms-p-nitro-d-bromostyrene, which from 1, supporting the hypothesis of greater zwitter-
failed to react with 1 or diethylamine in either benzene ionic character in the ground state of the former. Fur­
or absolute ethanol, at room temperature or at reflux. thermore, ethyl cfs-/3-(diethylamino)crotonate [Xmax

The preceding data have demonstrated the stereo- 289 mg (log e 4.57)] showed a bathochromic shift of
specihcity of displacements by 1 on activated vinyl 33 mg relative to ethyl cis-@-(ethylenimino)crotonate
halides and point to the probability that displacements [Xmax 256 mg (log e 4.79) ].
by other amines also proceed with initial retention of
configuration, the nonstereospecificity of amine dis- Experimental Section2*
placements reported by others being due to a facile r
postisomerization of the initially formed substitution Starting Materials.—Ethylenimine was supplied by the Dow 
product Chemical Co., was stored over caustic soda pellets, and was

t , , j  r it j• used without further purification. Distilled commercial grade
Two mechanisms were proposed for the postisomer- abgolute ethanol and Pspectrophotometric grade benzene were

ization Oi activated enamines derived irom simple used. Other reagents were obtained through the usual chemical
amines,7 the basis of both being a greater contribution supply companies, and were used without further purification,
to the ground state from a zwitterionic resonance form cis- and iran8-l-chloro-2 -(p-tolylsulfonyl)ethene,“ ’M phenyl trans- 

in enamines derived from simple amines than from those ----------------
derived from 1 .  There is ample evidence to support (23) N F  FirrelI and P w  Hickmott, j . Chem. Soc.. b . 293 ( i9 6 9 ); 
the concept of the zwitterionic character of the ground K. Nagarajan and S. Rajappa, Tetrahedron Lett.. 2203 (1969). '■ 
states of activated enamines ;1E—22.7c however, no data (24) All microanalyses wereyarnedlout by Dr. c. S. Yeh and staff^of the

. I ,  1 • • , . , • Purdue Chemistry Microanalytical Laboratory. All melting points and
Were available for the ethylenimino derivatives. boiling points are uncorrected. AH nmr spectra were run on a Varian A-60

or A-60 A with the spectrometer operating at 60 MHz and using tetramethyl-
(19) H. W. Duerbeck, Z. Anal. Chem., 235, 43 (1968). silane as an internal standard. Vpc analyses were performed on a Perkin-
(20) J .  Dabrowski, Spectrochim. Acta, IS, 475 (1963). Elmer Model 154 vapor fractometer at 125-130° on column “O.”
(21) A, Shidlovskaya, Y. Syrkin, and N. Kochetkov, Izv. Akad. N auk  (25) L. Maioli and G. Modena, Boll. Sci. Fac. Chim. Ind. Bologna, 16,

SSSR, Otd. Khim . N auk, 254 (1956). 86 (1958); Chem. A'ostr., 53, 70806 (1959).
(22) R . Huisgen and K. Herbig, Justus Liebigs Ann. Chem., 688, 98 (1965). (26) F . Montanari, Gaze. Chim. Ital., 86, 406 (1956).

1/ A ^
iw flu i2) muQYitnrtiflR*
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/3-chlorovinyl ketone,27 cis- and irans-p-nitro-/3-bromostyrene,4b Ethyl a's-/3-(Ethylenimino)acrylate—The procedure outlined
phenyl ethynyl ketone,28 and ethyl tetrolate29 were prepared by above was used with 1.00 g (0.0075 mol) of ethyl cts-/3-chloro- 
known procedures. acrylate, 1.24 g (0.029 mol) of 1, and 50.0 ml of benzene. After

Ethyl cis-/3-Chloroacrylate.—Esterification of cfs-(3-chloro- stirring for 4 hr at 25° and work-up, the crude material was 
acrylic acid14 with ethanol and catalytic sulfuric acid gave a 65% distilled to give 0.46 g (44%) of product: bp 40-41° (0.2 mm);
yield of pure product: bp 71-73° (27 mm); nmr (CCU) S 1.30 nmr (CDC13) 5 1.23 (t, 3 H, J  = 7.0 cps), 2.08 (s, 4 H, ethylen-
(t, 3 H, /  = 7.0 cps), 4.19 (q, 2 H, J  = 7.0 cps), 6.08 (d, 1 H, imino protons), 4.09 (q, 2 H, /  = 7.0 cps), 5.01 (d, 1 H, J  =  9.0
J  = 8.5 cps, a-vinyl proton) 6.62, ppm (d, 1 H, J  = 8.5 cps, 0- cps, a-vinyl proton), 6.54 ppm (d, 1 H, ./ = 9.0 cps). When
vinyl proton). absolute ethanol was used, 0.40 g (33%) of the same product was

Ethyl irans-S-Chloroacrylate.—This was prepared in 41% isolated. The spectral data were identical with those reported 
yield as above by esterification of trans-/3-chloroacrylic acid.14 earlier.7a
The product boiled at 50-51° (22 mm): nmr (CC14) a 1.25 (t, 3 Ethyl irons-/?-(Ethylenimino )acrylate.—Ethyl trans-0-chloro-
H, J  = 7.0 cps), 4.08 (q, 2 H, J = 7.0 cps), 6.09 (d, 1 H, J  =  acrylate (1.00 g, 0.0075 mol) was treated as above with 0.832 g
13.0 cps, a-vinyl proton), 7.19 ppm (d, 1 H, J  = 13.0 cps, 0- (0.0193 mol) of 1 using 50 ml of benzene. After stirring 4.5 hr
vinyl proton). and work-up, 0.70 g of liquid, shown to be 47% product (32%

Ethyl cis and irons-/?-Chlorocrotonate.—These were prepared yield), was isolated. This was distilled to give pure product:
by the method of Jones, et a l .e“ The isomers were separated by bp 82° (7.0 mm); nmr (CDC13) 5 1.25 (t, 3 H, J  =  7.0 cps),
fractionation on a spinning-band column to afford vpc pure cis 1.95 (s, 4 H, ethylenimino protons), 4.08 (q, 2 II, J  — 7.0 cps),
ester, bp 48-50° (11.0 mm) [lit.6“ bp 68-69° (10 mm)], and trans 5.25 (d, 1 H, J  = 13.0 cps, a-vinyl proton), 7.40 ppm (d, 1 H,
ester, bp 62-63° (11.0 mm) [lit.6“ bp 68-69° (10 mm)], which J  = 13.0 cps). The reaction in ethanol was stirred at room
contained a 10% impurity. The trans ester was obtained pure temperature for 22 hr to give a 75% yield of product. The
by collection from an Aerograph Autoprep Model A-700, using spectral data were identical with those reported earlier.7“ 
a 4 ft X Vs in. SF 96 column at 128°: nmr (CC14) of cis ester Ethyl irons-/3-(Diethylamino)acrylate.—1This was prepared from
5 1.27 (t, 3H, J  = 7.0 cps), 2.56 (d, 3 H, J = 1.5 cps, CH3C=C), 0.75 g (0.0056 mol) of ethyl «»-/3-ehloroacrvlate, 1.64 g (0.22
4.13 (q, 2 H, J  = 7.0 cps), 6.00 ppm (m, 1 H, CH3C=CH); mol) of diethylamine, and 20 ml of-absolute ethanol. After
nmr (CC14) of trans ester S 1.27 (t, 3 H, J  = 7.0 cps), 2.24 (d, 3 stirring for 7 hr, and work-up, 0.75 g (79%) of product was
H, /  = 1.5 cps, CH3C=C), 4.14 (q, 2 H, J  = 7.0 cps), 5.93 isolated: bp 82° (1.0 mm) [lit.31 bp 90-91° (0.15 mm)]; nmr
ppm (m, 1 H, CH3C=CH). (CC14) 6 1.20 (overlapping triplets, 9 H), 3.21 (q, 4 II, J  =7.0

cis and trans-/3-Chloroacrylonitriles.— These were prepared by cps, CH3CH2N), 4.02 (q, 2 H, ./ = 7.0 cps, CII3CH20), 4.43 
pyrolysis of 2,3-dichloropropionitrile according to the method of (d, 1 H, J  = 13.0, a-vinyl proton), 7.30 ppm (d, 1 IT, /  = 13.0 
Kurtz, et al.u The crude pyrolysate was distilled, bp 28-48° cps).
(20 mm), and the distillate was redistilled at atmospheric pres- Ethyl cis-0-(Ethylenimino)crotonate.—'The general procedure
sure to give two main cuts, bp 87-139°, which contained a- was followed, using 2.00 g (0.013 mol) of ethyl C('s-/?-chloro-
chloroacrylonitrile and irans-/?-chloroacrylonitrile, and bp 143- crotonate, 0.295 ml (0.058 mol) of 1, and 20 ml of benzene. The
146°, which was 97% pine cis-/3-chloroacrylonitrile (lit.2 bp mixture was stirred for 3 days at room temperature. Work-up
145°). The first cut was redistilled on a spinning-band column gave 1.5 g of liquid, 81% of which was product (59% yield),
to give pure trans isomer: bp 114°; mp 45-46° (lit.2 bp 118° This was distilled to give pure product: bp 86° (6.0 mm);
mp 45°); nmr (CC14) of )is isomer 6 5.82 (d, 1 H, J  = 7.8 cps, nmr (CDC13) 5 1.23 (t, 3 IT, .7 = 7.0 cps), 1.96 (s, 4 H, ethyl-
a-vinyl proton), 6.95 ppm (d, 1 H, J  = 7.8 cps); nmr (CC14) of enimino protons), 2.28 (s, 3 H, CH3C=C), 4.09 (q, 2 IT, J  =
trans isomer S 5.79 (d, 1 H, J  =  13.0 cps, a-vinyl proton), 7.15 7.0 cps), 5.20 ppm (s, 1 H, C=CH).
ppm (d, 1 H, J  = 13.0 cps). A nal. Calcd for CgHJ3N02: C, 61.91; IT, 8.44; N, 9.03;

Phenyl C7S-/3-Chlorovmyl Ketone.—This was prepared by the mol wt, 155.2. Found: C, 61.67; H, 8.58; N, 8.87; mol wt,
method of Montanari.3“'0 The crude material contained 3-5% 158.
starting material, 10-20% trans isomer, and product. A por- When the reaction was carried out in ethanol, a 71% yield was
tion of this material, 2.3 g, was chromatographed on silica gel obtained.
(30 cm X 3.5 cm) using a 2:1:1 solution of n-hexane-ethyl ace- Ethyl trans-0-(Ethylenimino(crotonate.—The general proce-
tate-petroleum either (bp 30-60) as eluent.30 Twenty-milliliter dure was followed using 0.85 g (0.0058 mol) of ethyl trans-0-
fractions were taken, and fractions 15, 16, and 17, 0.85, g, were chlorocrotonate and 0.75 ml (0.014 mol) of 1 in 15 ml of benzene,
combined and shown by nmr to be >98% phenyl cis-0-cbloro- The flask was stoppered and stored at 0-3° for 3 days. The re­
vinyl ketone and <2% starting material: nmr (CC14) <5 6.68 action was monitored by vpc which showed only trans substrate
(d, 1 H, J  = 8.0 cps, a-vinyl proton), 6.98 (d, 1 H, J  = 8.0 and trans product. Work-up gave 0.70 g (79%) of product:
cps, /5-vinyl proton), 7.42 (m, 3 H, aromatic protons), 7.87 (m, bp 67-98° (9.0 mm); nmr (CDC13) 5 1.26 (t, 3 IT, J  = 7.5 cps),
2 H, aromatic protons). This compound is  a  lachrymator and 1.93 (s, 3 H, CH3C=C), 2.15 (s, 4 H, ethylenimino protons),
vesicant and should be handled with extreme care. 4.15 (q, 2H, J = 7.5 cps), 5.15 ppm (s, 1 H, C=CH).

Propiolonitrile.—A mixture of 3.0 g (0.043 mol) of propiol- A nal. Calcd for CgHisNO.: C, 61.91; H, 8.44; N, 9.03. 
amide30 and 10.0 g (0.071 mol) of phosphorus pentoxide were Found: C, 61.75; H, 8.40; N, 9.07.
ground and well mixed under a nitrogen stream, and the mixture When the reaction was carried out in ethanol, 61% product
was transferred to a 100-ml flask equipped with a distillation was obtained.
head. The mixture was heated to 200° and the distillate was Ethyl cis-/3-(Diethylamino)crotonate.—This was prepared from
collected to give 1.4 g (65%) of propiolonitrile, bp 40-42° 0.55 g (0.0037 mol) of ethyl cis-0-chlorocrotonate and 1.02 g
(lit.30 bp 42°). (0.015 mol) of diethylamine in 15 ml of benzene. The flask was

General Procedure for the Reaction of Ethylenimine with stoppered and allowed to stand for 2 weeks at room temperature.
Activated Vinylic Halides.—To a stirred solution of the halide Work-up gave 0.40 g of material, 87% of which was product,
in about half the solvent, in a flame-dried flask under nitrogen at Distillation gave the pure product: bp 123-124 (6.0 mm) [lit.32
0° was added dropwise the solution of ethylenimine (two- to bp 120-121 (2.5 mm)]; nmr (CDC13) 5 1.16 (overlapping triplets,
threefold excess) in the remaining solvent. The mixture was 9 H), 2.46 (s, 3 H, CH3C=C), 3.30 (q, 4 H, CH3CH2N), 4.23
stirred at 0°, then at room temperature. The reaction mixtures (q, 2 H, CH3CH20), 4.64 ppm (s, 1 H, C=CH).
in benzene were filtered and the solvent was removed in  vacuo. as-l-Ethylenimino-2-(p-tolylsulfonyl)ethene.—This was pre-
Those in ethanol were worked up by removing the solvent in  pared from 1.5 g (0.0070 mol) of 4a, 2.0 (0.038 mol) of 1, and 50
vacuo and treating the residue with ether and water to remove the ml of benzene. After stirring 4 hr at room temperature, the
amine hydrochloride. The crude material was analyzed by solvent was removed in  vacuo and the solid was recrystallized
nmr and purified by distillation or recrystallization, and the pure from benzene-hexane to give product: mp 88-89° (lit.7“ mp
product was analyzed by nmr. 88-89°); nmr (CDC13) S 2.25 (s, 4 H, ethylenimino protons),
-------------- 2.50 (s, 3 H, CH3C6H4), 5.57 (d, 1 H, J  = 9.0 cps, a-vinyl

(27) N. Kochetkov, A. Khorlin, and M. Karpeiskii, J .  Gen. Chem. U SSR, proton), 6.55 (d, 1 H, J  = 9.0 cps), 7.30 (s, 2 H, /  = 9.0 cps,
„  , T, , „  „  „  T , aromatic protons), 7.90 ppm (d, 2 II, J  = 9.0 cps). The same

(28) K- Bowden E . A. Braude, E . R . H. Jones, and B . C. S. Weedon, p ro d u ct w as o b ta in ed  in  ethanol.
J .  Chem. Soc., 45 (1946).

(29) E . A. Halonen, Acta Chem. Scand., 9, 1492 (1955).
(30) S. Murahashi, T . Takizawa, S. Kurioka, and S. Maekawa, J. Chem. (31) F . Strauss and W. Voss, Chem. Ber., 59, 1681 (1926).

Soc. J a p .,  77, 1689 (1956). (32) R . Vessiere, Bull. Soc. Chim. Fr., 1645 (1959).
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irons-l-Ethylenimino-2-(p-tolylsulfonyl)ethene.—This was obtained: nmr (CDC13) of 8b S 1.97 (s, 4 H, ethylenimino
prepared, as above, from 1.0 g (0.0046 mol) of 4b, 2.0 ml (0.038 protons), 6.40 (d, 1 H, J  = 13.0 cps, a-vinyl proton), 7.40 (m,
mol) of 1, and 50 ml of benzene. After 4 hr, the solvent was 3 H, aromatic protons), 7.68 (d, 1 H, J  = 13.0 cps), 7.85 ppm
removed in  vacuo to give an oil which eventually crystallized, (m, 2 H, aromatic protons); nmr (CDCI3) of 9 5 1.45 (broad
mp 68-70°. A large portion (70%) of starting material was re- singlet, 8 H, ethylenimino protons), 2.38 (t, 1 H, J  = 5.9 cps,
covered: nmr (CC14) 5 1.86 (s, 4 H, ethylenimino protons), 2.50 CH2CH), 3.32 (d, 2 H, J  = 5.9 cps, CH2CH), 7.3 (m, 3 H,
(s, 3 H, CH3C6H4), 5.58 (d, 1 H, J  = 13.0 cps, a-vinyl pro- aromatic protons), 7.9 ppm (m, 2 H, aromatic protons), 
ton), 7.5 ppm (m, 5 H, /3-vinyl proton and aromatic protons). Reaction of Phenyl ds-0-Chlorovinyl Ketone (6a) with Ethyl- 
The reaction in ethanol gave the same product. The nmr spec- enimine in Benzene, (a) Stoichiometric Amounts.— The proce-
trum was completely consistent with the assigned structure. dure above was followed using 0.20 g (0.0012 mol) of 6a, 0.124

A nal. Calcd for CnH13N02S: C, 59.17; H, 5.86; N, 6.27; ml (0.0024 mol) of 1, and 20 ml of benzene. After 3.5 hr the
S, 14.36; mol wt, 223. Found: C, 58.94; H, 5.95; N, 6.17; mixture was filtered and the solvent was removed in  vacuo to
S, 14.24; mol wt, 225. give 0.15 g of liquid whose nmr spectrum showed it to be a mix-

cis-p-(Ethylenimino)acrylonitrile.—The general procedure was ture of 72% 8a, 14% 8b, in ratio of 82:18, and 14% 9: nmr
followed using 0.80 g (0.0092 mol) of 5a, 1.91 ml (0.037 mol) of 1, (CCh) of 8a 5 2.02 (s, 4 H, ethylenimino protons), 6.09 (d, 1 H,
and 30 ml of benzene. After stirring at room temperature for 8 J  = 9.0 cps, a-vinyl proton), 6.67 (d, 1 H, J = 9.0 cps), 7.33
hr and work-up, 0.80 g (92%) of crude product was obtained. (m, 3 H, aromatic protons), 7.84 ppm (m, 2 H, aromatic pro-
Distillation gave pure product: bp 78-79° (11.0 mm); nmr tons). Further purification was not attempted.
(CCh) S 2.12 (s, 4 H, ethylenimino protons), 4.54 (d, 1 H, (b) Deficiency of 1.— The general procedure above was fol-
J  = 8.5 cps, a-vinyl proton), 6.75 (d, 1 H, J  = 8 5 cps). lowed with 0.22 g (0.0013 mol) of 6a, 0.0685 ml (0.0013 mol) of

A nal. Calcd for C6H6N2: C, 63.80; H, 6.42; N, 29.77; mol 1, and 20 ml of benzene. Work-up as before gave 0.15 g of
wt, 94. Found: C, 63.72; H, 6.40; N, 29.98; mol wt, 98. material whose nmr showed it was a mixture of 57% 8a, 9.5%

An 81% yield was obtained in ethanol. This material became 8b in ratio of 86:14, 22.1% 6a and 11.4% 6b, and no 9.
an amorphous mass on standing under nitrogen in a sealed Reaction of cis- and irans-p-Nitro-0-Broinostyrene with Amines, 
ampoule. ■—The reactions were carried out as above, with diethylamine

trans-fi- (Ethylenimino )acrylonitrile.— The above procedure was and 1, in both benzene and ethanol at room temperature and
followed using 0.90 g (0.010 mol) of 5b, 2.15 ml (0.C42 mol) of 1, at reflux for 4 hr, but -work-up gave starting materials in >95%
and 25 ml of benzene. After stirring for 9 hr and work-up, 0.80 recovery.
g (82%) of crude product was obtained. Distillation afforded Addition of Ethylenimine to Activated Acetylenes.—The 
pure product: bp 86-86.5° (9.0 mm); nmr (CC14) S 1.98 (s, 4 general procedure of Truce and Brady7a was followed. The re-
H, ethylenimino protons), 4.71 (d, 1 H, J  = 14.0 cps, a-vinyl actions were run in both benzene and ethanol and the results are
proton), 7.10 ppm (d, 1 H, J  = 14.0 cps). summarized in Table II.

A nal. Calcd for C5H6N2: C, 63.80; H, 6.42; N, 29.77; mol (a) To Ethyl Tetrolate.—Ethyl tetrolate (0.50 g, 0.0045 mol)
wt, 94. Found: C, 63.97; H, 6.40; N, 30.00; mol wt, 98. was treated with 0.30 ml (0.0058 mol) of 1 in 10 ml of benzene.

A 71% yield was obtained in ethanol. This material poly- After standing 200 hr at room temperature, the solvent was
merized on standing under nitrogen in a sealed ampoule. removed in  vacuo to give 62% adducts (Table II). In ethanol,

Phenyl ira?is-/3-(Diethylamino)vinyl Ketone.—This was pre- after 80 hr a quantitative yield of adducts was obtained,
pared from 1.66 g (0.010 mol) of 6b, 1.46 g (0.020 mol) of di- (b) To Propiolonitrile.— The above procedure was used with
ethylamine, and 30 ml of benzene. Work-up afforded 1.50 g 0.70 g (0.014 mol) of propiolonitrile, 1.07 ml (0.020 mol) of 1,
(74%) of crude material which was recrystallized from pentane and 25 ml of benzene. After 7 hr 0.85 g (66%) of adducts was
to give pure product: mp 52—54° (lit.33 mp 53—54°); nmr (CD- obtained. In ethanol, after 2.5 hr, a 77.5% yield of adducts
Ch) S 1.15 (t, 6 H, /  = 7.5 cps), 3.23 (q, 4 H, J  = 7.5 cps), was obtained.
5.74 (d, 1 H, J  = 12.9 cps, a-vinyl proton), 7.32 (m, 3 H, (c) To Phenyl Ethynyl Ketone.—The above procedure was
aromatic protons), 7.80 ppm (m, 3 H, aromatic and 0-vinyl followed with 1.30 g (0.010 mol) of phenyl ethynyl ketone, 0.40
protons). The same product was obtained in 94% yield in etha- ml (0.0077 mol) of 1, and 10 ml of benzene. After 4 hr the solvent
nol, and also by addition of diethylamine to phenyl ethynyl was removed in  vacuo to give 1.50 g of material, 26% of which
ketone in benzene and ethanol. was starting material and 7 4 was a mixture of adducts (Table

Reaction of Phenyl /raKS-0-Chlorovinyl Ketone (6b) with II). This became a thick dark oil on standing at room tempera-
Ethylenimine in Benzene.—The general procedure was followed, ture. When 0.78 ml (0.015 mol) of 1 was used, 1.60 g of material
using 1.66 g (0.010 mol) of 6b, 1.10 ml (0.021 mol) of 1, and 22 was obtained which was a mixture of 28% 8a, 44% 8b, in a
ml of benzene. After 3 hr, the mixture was filtered and the sol- ratio of 38:62, and 28% 9.
vent was removed in  vacuo. The residue was dissolved in ether, t\t„ 7  9QR71 W (!■  ah 94fi97 91 A- otbvl
washed with water, and dried (MgS04); the ether was removed Registry No.- 7 ,  23674-58-0 8b, 24627-31-4 ethyl 
in  vacuo to give 1.40 g (81%) of 8b contaminated with approxi- cts-/S-(ethylemmino)crotonate, 24b27-32-5; as-p-(etUyl-
mately 5% 9. Attempted purification by distillation and enimino)acrylonitrile, 24599-16-4.
chromatography of a portion of this material led to decomposi­
tion. The remainder became a thick viscous oil which solidified Acknowledgment.—This investigation was supported
to an amorphous black mass on standing at room temperature by the National Science Foundation under Grant GP-
over a period of 3 days. A satisfactory analysis could not be 05175) and the Public Health Service Research Grant

(33) r. a . Boishedvorskaya, a  a i ,  zh . Org. K him ., i ,  1541 U968). No. CA-04536-11 from the National Cancer Institute.
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Radical Reaction of Isocyanide with Thiol

T akeo Saegusa, Shiro K obayashi, and Y oshihiko Ito

Department o f  Synthetic Chemistry, Faculty o f  Engineering, K yoto University, Kyoto, J a p a n
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The reaction of an isocyanide with a thiol proceeds in two courses. Course I is regarded as a,a  additions of 
the thiyl group and hydrogen to the isocyanide carbon atom to produce a thioformimidate (1). Course II forms 
an isothiocyanate (2) from the isocyanide and an alkane (3) from the alkyl group of the thiol. First, experi­
mental results supporting the radical chain mechanism involving the thiyl radical are given. Radical reactions 
of primary and aromatic thiols take course I, whereas those of a-toluene thiol as well as tertiary thiols take course 
II. The reaction with a secondary thiol takes both courses. The copper-catalyzed reaction, however, takes 
course I predominantly, regardless of the nature of the thiol alkyl group.

We have reported a set of reactions of isocyanide, scribe useful reactions of isocyanides via radical chain 
which are the insertions of the isocyanide carbon atom mechanism, 
into the nitrogen-hydrogen bond of amine,1 the oxygen-
hydrogen bond of alcohol,2 the sulfur-hydrogen bond of Results and Discussion
thiol,3 the phosphorus-hydrogen bond of phosphine,4 _ , ,  _  .. , . • llr,
and the silicon-hydrogen bond of silanes.3 All these SuPP°rtf f° r *  Raf lcal Cha\n M echam sm .-W hen a 
reactions are catalyzed by copper compounds and pro- ™ re ° [  ^ ° }  and lsocyanide is heated without any
duce the corresponding derivatives of formimidic acid added catalyst- a reactl0\  ocKcurs b' twf n, them'
inhiehvields This reaction can be shown to be a radical chain re-

Among these reactions, the isocyanide-thiol reaction acti' f  b/ , tbe Allowing results: (i) the reaction is
differs from the others; the isocyanide-thiol reac- fed era ted  by radical initiators such as azobisiso-
tion is also induced by a radical initiator. This paper butyrorntnle (AIBN), and by ultraviolet irradiation
describes the radical 'reaction of an isocyanide with a and t11) «ie reaction is suppressed by radical inhibitors
thiol which involves an intermediate imidoyl radical. as hydroqumone (HQ), i-butylcatechol, and p-
I t  is of interest to note that the imidoyl radical is iso- benzoqmnone (p Q)- .
electronic with vinyl and acyl radicals of <r character. . Table* ^ustrates the radical-initiated reaction of an

isocyanide with a thiol. The reactions of primary and
■—N-vwi c —r  r —O] aromatic thiols induced by radical initiators proceed via

imidoyl radical vinyl 7adical acyl radical course L  Copper-catalyzed reactions of these com­
binations take the same course, lhe lsocyamde-sec- 

The reaction of isocyanide with thiol proceeds in two ondary thiol reactions, both copper-catalyzed and
courses. Course I (eq 1) is regarded as a , a  additions of phoioinduced ones, give the products of the two
the thiyl group and hydrogen to the isocyanide carbon courses. The course of the reactions of a-toluenethiol
atom carrying lone-pair electrons, which produces a and tertiary thiols, however, is determined by the na-
thioformimidate (1). In course II (eq 2), an isothio- ture of catalyst; i.e., those induced by radical initiators

take course II, whereas those catalyzed by a copper
course L, ĵ /g__c __H -v compound take course I.

| The mechanism of a radical-initiated reaction of an
r'sh — NR isocyanide with a thiol obviously differs from that of

1 copper-catalyzed one. The copper-catalyzed reaction
course 11 of cyclohexyl isocyanide (5) with 2-propanethiol (12) is

R N C =S + R'H (2) not affected by the addition of hydroquinone. On the 
2 3 other hand, the radical-initiated reaction of an isocy-

. , i, i mi anide with a thiol is suppressed by the so-called radicalcyanate (2) and an alkane (3) are formed. The course . , , 11 .. , . i ,  „i ., 1- • j  , • , ,  ,, , , , inhibitors, as will be described m the following parts ofof the reaction is determined by the nature of the thiol ., . , ,  T,, i • • , this paper. I he difference in the products (fable 1,alkyl group; i.e., primary and aromatic thiols take ,, , , ,  , . , , J  ,. ... , jT i - i  i , , ., • , ,, runs 3 and 4) also distinguished the radical-initiatedcourse I exclusively, whereas a-toluenethiol as well as , i, s, , ,
tertiary thiols take course II. The reaction with sec- Te&£ oniJ ° f  thf  copper-catalyzed one.
ondary thiols proceeds along both courses. + J h e  edects ° / f dlca and ^ b i t o r s u p o n

In the present studies, experimental evidence to sup- the reactl™  ° f 7  2-me hy 1-2-propanethiol (11) 
port the radical chain mechanism is given. The differ- g™ ng cy"loheXy11 ^othiocyanate (13) and isobutane are
ence between the radical reaction of an isocyanide with shownmFlgure L The progress of reaction was followed
a thiol and the copper-catalyzed one is also mentioned. /  \ /— \
So far as we know, the present study is the first to de- \  H + <-C(H9SH *  \ ^ /  + (CH3).,CH (3)

(1) T. Saegusa, Y. Ito, S. Kobayashi, K. Hirota, and H. Yoshioka, 3 ^ 3̂
Tetrahedron Lett., 6121 (1966).

(2) t . Saegusa, y . ito, s. Kobayashi, and k. Hirota, ibid., 521 (1967); by the glpc determination of 13 at several times of re-
(i967)egUSa Y U0’ S Kobayashl’ N' Takeda' and K- Hirota. llnd- 1273 action. The reaction of an equimolar mixture (neat) of

(3) t. Saegusa, s. Kobayashi, k. Hirota, y . okumura, and y . ito, 5 and II at 60° under nitrogen is shown by curve a, in
Bull. chem . Soc. ja p .,  4 i ,  1683 (1968). which a small amount of oxygen due to incomplete ex-

m  of air may cause the radical reaction. The
89, 2240 (1967). addition of AIBN (1 mol %) much enhanced the reaction

2118 J .  Org. Chem., Vol. 35, No. 7, 1970 Saegusa, Kobayashi, and Ito



T a b l e  I
R a d ic a l  a n d  C u p r ic  O x id e  C a t a l y z e d  R e a c t io n s  o p  T h io l s  w it h  I s o c y a n id e s

—► R'SCH=N— R 
R'SH + R— NC— 1

—► R— NCS + RTI 
2 3

-̂--------Reaction-------- % ,------Product yield, % °------«
No. R -N C  (mmol) R 'SH  (mmol) Additive (mmol) Temp, °C Time, hr 1 2  3

1 f-C4H9NC (4) (5.0) C2H5SH (7) (5.0) AIBN (0.01) 35 4.0 60 0 0
2 4(5.0) C6H6SH (8) (5.0) AIBN (0.01) 80 2.0 82 0 0
3 4(12.0) C6H5CH2SH (9) (10.0) AIBN (0.02) 100 0.2 0 93 96
4 4(12.0) 9(10.0) CuO (0.1) 100 2.0 91 0 0

5 —NC ssc-C4H9SH (10) (5.0) b 0 0.1 83 11 N.d.c

(5) (5.0)
6 C6H5NC (6) (6.0) i-C4H„SH (11) (20.0) AIBN (0.05) 75 0.2 0 97 N.d.«
7 5(5.0) 11(7.0) CuO (0.1) and 90 3.0 64 6 N.d.»

p-BQ (0.5)
° Determined by glpe. 6 Irradiated by uv in 2 ml of diethyl ether under nitrogen c N.d., not determined.

100 f . * l00r « c  13+14f / ^ f
i f / /  £  L c ' l 3

1 80 /  /  , i 5of

«— .ir -------- ,-e  ___x____ x____ ,____ . 
O 3 0  6 0  9 0  0  2  4

Tim« (min.)
Time (hr)

Figure 1.— Reaction of cyclohexyl isocyanide with 2-methyl-2-
propanethiol. Effects of radical initiator and inhibitor: (a) Figure 2. Reaction of cyclohexyl isocyanide with 2-pro- 
without added catalyst at 60°, (b) with 1 mol %  of AIBN at panethiol: (a and a') without added catalyst at 100°, (b
60°, (c) with 5 mol % of hydroquinone at 60°, (d) with addition and b') with addition of 2 mol %  of hydroquinone after 2.5 hr 
of 2 mol % of hydroquinone after 20 min at 60°, (e) irradiated 100°, (c and c', with 0.5 mol % of AIBN at 70°.
in diethyl ether at 0°.

,0° d
(curve b), whereas the addition of hydroquinone sup- J  — e-b
pressed it (curve c). The addition of hydroquinone at a -  7 f
halfway point (at 20 min) to the reaction system without ~ 1 /  ^ 0—-----
any added catalyst interrupted the reaction completely g so I /
(curve d). In addition, the reaction was accelerated °  \ f  /
by uv irradiation. A mixture of 5,11,  and diethyl ether I /  J
(solvent) in a Pyrex tube was irradiated at 0° under /  f
nitrogen (curve e). Here, no reaction was observed at i / S  . .—  ̂ .— »— c.
all in the dark at 0° in diethyl ether solvent. 0 1 Tlm̂  (hr) 3 10

In the combination of isocyanide and secondary thiol,
two modes of reaction, courses I and II, take place. Figure 3.—Reaction of cyclohexyl isocyanide with ethane-
The react inn nf with 2 nmnnupthinl (T2) was carried thiol: (a) without added catalyst at 40 , (b) with 0.1 mol %in e  reaction ot 5 with Z propanetluol (12) was carrit.il of AIBN at 4Qo with 10 mol j o of p.BQ at 40oj irradiated
out under various conditions (Figure 2). I he total indiethvletheratO0.

..f°urse 1 > ¿.c3H7SCH=N—( H y  the ratio of the final yields of the two products, 13/14,
—  ' V _ /  was 3/2 in each of these three reactions. Furthermore,

( H \—NC + i-C3H7SH —  14 *-4') 1 mol %  of i-butylcatechol was enough to inhibit the
'—  reaction completely.

5 12 |co«»-se ii The reaction with a primary thiol proceeds through
13 3 8 '5'  course I. In Figure 3, the acceleration by AIBN

(curve b) and by uv irradiation (curve d), as well as the 
yield of the two products, 13 and 14, and the yield of 13 inhibition by p-benzoquinone, are demonstrated in the 
at several times of reaction without any added catalyst reaction of 5 with ethanethiol (7). 
at 100° are shown by curves a and a', respectively.
The addition of 2 mol %  of hydroquinone at a time of ,— v /— \
2.5 hr interrupted both courses of reaction (curves b (. H V—NC + C2H5SH *■ C2H5SCH=N— ( H ) (6) 
andb')- The reaction was accelerated by AIBN (reac- g 7 ig
tion at 70°, curves c and c ')• P  is quite significant that
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These several findings are taken to support a radical 1.0-
chain mechanism, which may be explained by the
scheme (reactions 7-9) involving thiyl radical 16. o /
The thiyl radical 16 is first formed from the thiol by a o y '

_  t  0.5- SR—N=tc: r ! o y
R'SH — >► R'S • --------- ►  [R'-j-S—  C = N — R] (7) o

16 'p £ S
17 212

0*-----1-----1----- 1----- 1------ *—
0 i 2 3 4 5

H abstraction
17 + R'SH ----- ------- - R'— SCH=N— R + R'S- (8) [l-C8HTSH] mol/l

1 16 Figure 4.— Dependency of the molar ratio of 14/13 on the con- 
0 scission R'SH centration of 2-propanethiol.

------ ----*- R— N = C = S  + R'- — > R'H + R'S- (9)Ad
2 18 16 In the intermediate imidoyl radical 17, the R -N  bond

radical initiator or by irradiation, and then attacks the “  locatf  ^ another 0  position (ft), which may possibly 
isocyanide to produce the intermediate imidoyl radical be n:volved m a ^ sclssl0n reactlon especially when R  is
17. The imidoyl radical 17 may undergo two reactions,
i.e., hydrogen abstraction from thiol (eq 8) and 0 scission [R'-J-S— C— N-j-R]
(eq 9). The hydrogen abstraction gives thioform- ¿i
imidate 1 and 16. On the other hand, the /3 scission at 17
the alkyl- (or benzyl-) sulfur bond leads to isothio­
cyanate 2 and alkyl (or benzyl) radical 18. The second a good leaving group as a free radical. The isocyanide-
hydrogen abstraction of 18 from thiol produces hydro- thiol reaction, however, does not involve ft scission at
carbon 3 and 16. These two reactions are competitive the R -N  bond; i.e., in the first two reactions of Table I 
ones. The relative degrees of participation of the two using f-butyl isocyanide (4), no product derived from
reactions are determined by the stability of R '-S  bond the ft scission of 17 was detected. This is quite
of 17 and the steric hindrance to the approach of a thiol different from the radical reaction of isocyanide with
to 17 in the H abstraction (eq 8). Preference of 0 trialkylstannane, which involves scission at ft position
scission in the case of a tertiary thiol is ascribed to these (eq 11).6
two factors. In the reaction of a-toluenethiol, the
stability of the resultant benzyl radical may predom- R'3sn- + R Q:  ► [R'.-i-Sn C— N-t-R] i n ­
mate in the determination of the direction of reaction. 1 1
On the other hand, when R ' is less stable as a radical <S| ^
and the steric hindrance is less significant, 17 prefers to , R , .
abstract hydrogen from the thiol (eq 8). The reactions 3n
with primary and aromatic thiols take this course.

The case of secondary thiol is between these two ex- Experimental Section
tremes. The reaction of 5 with 12 gives the two prod- „  , , , „ ,
ucts 13 and 14. On the basis of the above equations wMch were purified by rectification under nitrogen prior to use.
(8 and 9), the molar ratio of the two products is ex- Isocyanides were prepared from the corresponding formamides
pressed by eq 10 where fca is the rate constant of hydro- according to Ugi’s procedure.7

Reactions of Cyclohexyl Isocyanide (5) with 2-Methyl-2- 
— — "£ [R'SH] (10) propanethiol (11) (Figure 1).— Curve a reaction: A mixture of

h i 0.90 g (10 mmol) of 11 and 1.08 g (10 mmol) of 4 was heated at
gen abstraction of 17 from the thiol and kd is the rate 60° in a “ trogen atmosphere without added catalyst. The
°  , . . . ■ a progress of the reaction was followed oy glpc determination of 13
constant ol p scission of 17.  ̂ at several times of reaction (column, silicon DC 550 and PEG

In accord with eq 10, the molar ratio of 14/13 was 2000C). Curve b reaction: A ternary mixture of 0.90 g (10
gradually decreased as the reaction proceeds to decrease mmol) of 11,1.08 g (10 mmol) of 5, and 17 mg (0.1 mol) of AIBN
the concentration of 12 (Figure 2) was keated at 60°. Curve c reaction: As a radical inhibitor,
* t„ ® . ‘ , . , i . 55 mg (0.5 mmol) of hydroquinone was added at the beginningIn addition, a senes of experiments was conducted in of the curve a reaction/  c ^ e d reaction: After the “acti0n

which the initial concentration of 12 was varied. The proceeded for 20 min under the same conditions as those of the
ratios of 14 /1 3  at a low conversion (below 10%) were curve a reaction, 22 mg (0.2 mmol) of hydroquinone was added
found to vary linearly with the concentration of 12 as to the reaction system. Curve e reaction: A solution of 0.45
shown in Figure 4 g (5 mmol) of 11, 0.54 g (5 mmol) of 5, and 2 ml of diethyl ether

x ,, . . .  . . ,, . . , (solvent) in a Pyrex test tube cooled in an ice bath was irradiated
In the above scheme, both courses involve thiyl rad- using a high-pressure mercury lamp under nitrogen atmosphere,

ical as the common chain carrier. The coupling of two Reactions of Cyclohexyl Isocyanide (5) with 2-Propanethiol 
thiyl radicals constitutes the chain termination, which (12)> Ethanethiol (7), and 2-Butanethiol (10).— The time-
produces the corresponding disulfide. A small amount conversion curve of the reactions of 5 with 12 (Figure 2) and 5
of dialkyl disulfide was actually detected lu the reaction
mixture, ro r instance, 3.5 X 10 5 mol of di-i-butyl N-cyelohexylthioformimidate was produced in the 5-10 re- 
disulfide was detected by glpc in the mixture of the action: bp 99-100° (4uim),»sj  1.5012.
5-11 reaction (Figure 1, curve a). Assuming that di-i-
butyl disulfide is formed only by the termination reac- sj 6)^ ' Kobayashi' Y' It0' and N‘ Yasuda’ Amer' Chem~
tion, the chain length is calculated to be 140. (7) i. ugi and r. Meyr, chem. b«-., ss, 239 (i960).
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Anal. Calcd for CuH2iNS: C, 66.27; H, 10.62; N, 7.03. Reactions of ¿-Butyl Isocyanide (4) with «-Toluenethiol (9 ).— 
Found: C, 66.03; H, 10.51; N, 7.11. The radical reaction of 4 with 9 by AIBN at 80° gave 93% t-

Nmr and ir (vc-n at 1595 cm-1) spectra supported its structure. butyl isothiocyanate and 96% toluene.
Reaction of /-Butyl Isocyanide (4) with Benzenethiol (8).—A To a mixture of 1.24 g (10 mmol) of 9  and 1.00 g (12 mmol) of 

mixture of 0.55 g (5 mmol) of 8 and 0.42 g (5 mmol) of 4 was 4 was added 8.3 mg (0.1 mmol) of cupric oxide as a catalyst,
heated in the presence of 1.7 mg (0.01 mmol) of AIBN at 80° for The reaction system soon became homogeneous at room tempera-
2 hr. Distillation gave 0.65 g (67%) of phenyl N-Z-butylthio- ture. When the reaction mixture was heated at 100° for 2.0 hr,
thioformimidate: bp 99—101 (3 mm), n25n 1.5514. 91% of 9 disappeared. Benzyl N-f-butylthioformimidate was

Anal. Calcd for CnNuNS: C, 68.34; H, 7.82. Found: isolated by preparative glpc, n26D 1.5435.
C, 68.22; H, 7.95. Anal. Calcd for C12H17NS: C, 69.51; H, 8.26; N, 6.76.

The structure was further confirmed by nmr and ir (xc«n at Found: C, 69.78; H, 8.37; N, 6.52.
1597 cm“1) spectra. Reaction of Cyclohexyl Isocyanide (5) with 2-Methyl-2-

Reaction of /-Butyl Isocyanide (4) with Ethanethiol (7).— propanethiol (11) in the Presence of Cupric Oxide and p-Benzo- 
Similarlv, the 4-7 reaction by AIBN was carried out at 35° for 4 quinone.—A mixture of 0.63 g (7 mmol) of 11, 0.54 g (5 mmol) of
hr, which gave ethyl N-i-butylthioformimidate: bp 75-76° (70 5, 8 mg (0 . 1  mmol) of cupric oxide, and 55 mg (0.5 mmol) of
mm), n2oD 1.4654. p-benzoquinone was refluxed at 90° for 3 hr. By glpc analysis

Anal. Calcd for C7H15NS: C, 57.90; H, 10.34. Found: C, of the reaction mixture, f-butyl N-cyclohexylthioformimidate8 

57.60; 11,10.20. (64%) and 13 (6 %) were formed.
Dependency of the Molar Ratio of 14/13 on the Concentration

of 2-Propanethiol (12).—A series of five reactions was carried R eg istry  No.— sec-B u ty l N -cyclohexylth ioform im i- 
out, in which the initial concentration of 2-prcpanethiol was date, 24058-23-9; phenyl N -f-bu ty lth ioform im id ate,
varied A typical run was as follows. A mixture of 0.43 g (5.6 24058-24-0; ethyl-N -f-bu ty lth io form im id ate , 24058-
mmol) of 12 and 1.34 g (12.4 mmol) of 5 (concentration of 12, 2.8 0r i u „ l at 3 u ± i-lu- r • • , r4.r.r0 ~
mol/l.) was heated without radical initiator at 100° for 20 min. f - 1 ,  benzyl N -f-bu ty lth loform im id ate, 24058-26-2;
The total conversion for 12 was 8% and the molar ratio of 14/13 ^ 630-18-2; 5, 931-53-3; 6, 100-47-0; 7, 75-08-1;
was determined to be 0.48 by glpc analysis. 8,108-98-5; 9 ,100-53-8 ; 10,513-53-1; 11,75-66-1.

Peroxide-M etal Ion Oxidations. II. A Convenient Synthesis of Imides

A. R . D oumaux, J r ., and D . J .  T recker

Research and Development Department, Union Carbide Corporation, Chemicals and Plastics,
South Charleston, West Virginia 2530S

Received October 20, 1969

A novel and highly selective oxidation of lactams and N-alkylamides to the corresponding imides has been 
developed. The oxidant consists of a hydroperoxide or a peroxy acid in combination with a catalytic amount 
of a manganese(II) or -(III) salt. The extremely mild reaction represents the first convenient method for syn­
thesizing many imides, including adipimide, a polymer intermediate which had previously been preparable only 
in low yields. The synthetic scope of the oxidation and its limitations are discussed.

A  convenient synthesis of imides has been developed, synthetic advantage in the past. K h arasch , K ochi,
using a novel and p articularly  mild oxidation p rocedure.1 and their respective groups prepared 2-alk en -l-y l esters
L actam s or N -alkylam ides treated  with a hydroperoxide and unsym m etrical peroxides by cop p er(I)-catalyzed
or a peroxy acid in the presence of a m etal ion ca ta lyst treatm en t of olefins with peroxy esters and hydroper-
such as m anganese(II) produced the corresponding oxides, respectively.4 M ore recently, prim ary amines
imides in excellent yield. The oxidation has proved to  h ave been converted to oxim es,6 tertiary  amines to
be quite general, proceeding under mild conditions to  amine oxides,6 and sulfides to  sulfoxides and sulfones7
provide imides, m any of which have previously been by p eroxide-m etal ion oxidants. These la tte r reac-
preparable only in poor yields. The general reaction tions are characterized by oxidative transform ations a t
and apparent stoichiom etry are indicated below. the heteroatom .

The oxidation of amides to  imides, a  tw o-electron  
9  transform ation a t the position adjacent to  the hetero-
q atom , has been accom plished in low yield by autoxida-

/  \  o R n n n  Mn" or, tion8 and by treatm en t with ruthenium  tetroxid e9 and
(CH-N  ̂ +  Mn"1 * persulfates.10 T he procedure which we describe offers

CH2 several advantages, th e  most significant being ease of
O operation, high selectivity, and generally satisfactory

J. (3) E . G. E . Hawkins, "Organic Peroxides, Their Formation and Re-
/ /  \  actions,” D. Van NosTrand Co., Inc., Princeton, N. J . ,  1961, Chapters

(CH2)n NR' + 2ROH + H20 (1) i. 3, and 7.
/  (4) M. S. Kharasch and A. Fono, J .  Org. Chem., 24, 606 (1959), and ref-

C erences therein. J .  K . Kochi, J .  Amer. Chem. Soc., 83, 3162 (1961); 84,
|| 774, 2121, 3271 (1962).
O (5) L. Jarkovsky and J .  Pasek, Chem. Prum., 16, 591 (1966); Belgium

Patent 668,811 (1966).

M etal ion interactions w ith hydroperoxides and (1^ f  
peroxy acids are well known2-3 and have been used to  (7) l . Kuhnen, Angew. C hem .in t. Ed. Engl., 5, 893 (1966).

(8) A. Rieche and W. Schon, Chem. Ber., 99, 3238 (1966); M. V. Lock
(1) For a preliminary report on the oxidation system, see A. R. Doumaux, and B. F . Sagar, J .  Chem. Soc., B, 690 (1966); B. F. Sagar, ibid., 428, 1047

Jr., J .  E . McKeon, and D. J .  Trecker, J .  Amer. Chem. Soc., 91, 3992 (1969). (1967).
(2) A. G. Davies, “Organic Peroxides,” Butterworth and Co. (Publishers) (9) British Patent 900,107 (1962).

Ltd., London, 1961, Chapters 12 and 13. (10) H. L. Needles and R . E . Whitfield, J .  Org. Chem., 31, 341 (1966).
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T a b l e  I
¿-B u t y l  H y d r o p e r o x id e  O x id a t io n  o f  «-C a p r o la c t a m

f-BuOOH/ i-BuOOH/
lactam metal Reaction /--------- % conversion of--------- %  yield of imide based on

Catalyst mole ratio mole ratio time, hr Lactam i-BuOOH Lactam i-BuOOH

Cobalt(II) naphthenate 1.03 182 64 21.8 50.8 23.7 10.9
Cobalt(II) naphthenate 1.13 200 136 21.2 100.0 44.6 16.7
Mn(acac)2 1.13 200 136 38.7 56.1 44.5 54.2
Mn(acac)3 1.13 200 136 28.6 54.6 78.0 72.1
Mn(acae)3 1.03 182 64 20.6 28.1 80.5 89.0
Mn(acac)3 1.13 357 144 23.9 31.0 76.8 52.2
Mn(acac)3 2.03 355 96 18.5 67.8 84.5 48.9

yields. A  typ ical procedure consists of simply m ixing when p eracetic acid was used as the oxidant), adipam ic
the lactam  and a twofold m olar excess of hydroperoxide, acid being formed in high yield (eq 3 ).
adding a tra ce  of m an ganese(III) acetylaceton ate, and 2-Piperidone and D erivatives.— B o th  hydroperoxides 
stirring a t  room  tem perature for several days. W hen a  and peroxy acids reacted  sm oothly with 2-piperidone,
peroxy acid is used as the oxidant, it is added dropwise giving rise to glutarim ide (II)  with high selectivity,
to  a stirred solution of lactam  and the m etal ion catalyst
in ethyl aceta te  a t 0 -1 0 ° .  f  'I  ■-Bu0[̂ >H> |  |  +  1 L  (4)

O xidation of e-Caprolactam .— ¿-Butyl hydroperoxide- Mn" o ^ N ^ o
m an ganese(III) treatm en t of e-caprolactam  provided a H H H
useful synthesis of adipimide (I). Adipimide has been 11,79% trace
prepared previously in low yields by other routes11 and Isolated  yields of 5 4 -7 2 %  were routinely achieved from
is a compound of interest as a polym er interm ediate.12 p eracetic acid treatm ent. T h e effectiveness of various
Several coproducts formed in lesser am ounts were also m etal ion catalysts is recorded in T able I I .  
identified (eq 2 ). Table I  records the conversions and

0 T a b l e  II

¿
II E f f e c t  o f  M e t a l  I on C a t a l y s t s “ on  t h e

NH t BuOOH r ^ N H  P e r a c e t ic  A c id  O x id a t io n  o f  2 -P ip e r id o n e 6

\ --------“ —► / +  % conversion into II
' Mn \  Metal salt® based on 2-piperidone

1,67-85% (vpc) None 50
Mn(acac)3 72.0

9 O Mn(OAc)2 59.8
_CHO MnCfi 78.3

CH3(CH2)3CONH2 + [  \ + [  \ (2) Fe(acac)s 23.1
. \__/  \_/  Co(acac)3 35.2
^------------- —---------- ---------------------------- /  CoCl2 26.3

trace amounts Co(acac)2 53.1
yields achieved under a variety  of reaction conditions. “ VO(acac)2, Cr(acac)3, Cu(02CC6H5)2, Zn(acac)2, Zr(acac)4, 
M ost of the transition m etal ions studied provided some Pd9ii’ NH4Re° 4> ° SC13,
reactiv ity  but m a n g a n e * (II )  or ( I I I )  ™  clearly the CeWací k l S » J K n  , 3 « ™ "  T ta  — tr,’i^
ca ta lyst of choice. Of peracetic acid was too high. All reactions using peracetic acid

M uch shorter reaction tim es were possible when should be tested for peroxide concentration during the reaction,
p eracetic acid was used as the oxidant. W ith  m anga- 6 °-1 M 2-piperidone; 0.2 M  in peracetic acid; reaction in ethyl
nous dichloride as the catalyst, 3 3 -3 8 %  isolated yields acetate at room temPerature- c 10 “3 M  in metal salt, 
of adipimide were obtained after 32 hr a t 0 ° . V pc ^  ,
analyses indicated yields approaching 6 0 % , but isola- 9 0 f  ™ ™ d erab le m terest was the reaction  of 6-m eth yl-
tion difficulties amplified by the reactiv ity  of I  resulted pipendone (I I I )  with f-butyl hydroperoxide. W ith
in diminished actual yields. Adipimide was found to  be ( BuOOH
extrem ely susceptible to  ring opening from  nucleophilic Mn"; 1  +
reagents, forming adipam ic acid derivatives with ease CH| h  °  CH3 N o
(see E xperim ental Section). This w as found to  be III i-BuOO
especially true in the presence of acetic acid (formed IV

t; g?" jj y / I  + X X  (5)
I ------- H2NC(CH2)4COEt CH3 O ^ N ^ T )

Et° H (3) V H 0 °  H Jo o  : ---------
HOAc || || mlnor Pr°ducts

I ------- »- H2NC(CH2)4COH
---------------------- H¡°  CH3COjH

(11) E . N. Zilberman, Zh. Obshch. Khim ., 25, 2127 (1955); 30,596(1960). ®  Mnm *
H. K . Hall, Jr ., and A. K. Schneider, J .  Amer. Chem. Soc., 80, 6409 (1958).
N. Tokura, R . Tada, and K. Yokoyama, Bull. Chem. Soc. Ja p .,  31, 1812 0 ^ / \
asei). IT I  +  J ]  +  7  ]

(12) U. S. Patent 3,033,831 (1962); Netherlands Patent 6,516,904 „ Tr ^  'vv rxW ,-, „ „  A XIA > „
(1966); O. Wichterle, J .  Stehlicek, T. Kodaira, and J .  Sebenda, Polym. 1 tt 1 A ll , , ,  O CH3 N O
Lett., 5, 931 (1967). n  HO H “
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only one available carbon-hydrogen bond a t the reac- oxidation but reacted  sluggishly when treated  with
tive site, oxidation proceeded to  give the stable 6 -t- hydroperoxide and m anganese; com peting reactions
butylperoxy derivative (IV ) as the m ajor product. A  
considerably m ore com plex reaction occurred w ith 9

peracetic acid, giving rise to numerous products of CH3CNHCH2CE3____ >
secondary oxidation, including 6-m ethyl-3,4-dihydro-2- M n I11

pyridone and 6-m ethyl-5,6-dihydroxy-2-piperidone. O O
The rem arkable selectivity  of th e  p eroxide-m anga- CH3CNHCCH3 + CH3CONH2 (10)

nese ion system  was illustrated convincingly with X I
3-carbethoxy-2-piperidone (V ), a  compound with
three distinct reactive sites. As before, oxidation occurred instead. P eracetic acid oxidized N -ethyl-
proceeded solely a t the nitrogen-adjacent m ethylene acetam ide to  diacetam ide (X I )  and a sm all am ount of
group to  give V I as the only isclable product. acetam ide. Sim ilar reaction w ith i-butyl hydroper­

oxide gave rise to  a host of products.

a C02Et ^  ^  h / \ / C 0 2Et Ring-containing amides and compounds disubstituted
—  m' * J i  (6 ) a t  the nitrogen-adjacent position were found to be

3  Mn generally inert. Thus, N -acetylpiperidine, N -acetyl-
H pyrrolidine, N -cyclohexylbenzam ide, and N -cyclohexyl-

’ ° acetam ide were recovered unreacted from  normal
_  , _  . , T . . oxidation treatm en t. A n exception was N -form yl-

2 -Pyrrolidone and D e n v a tiv e s .-N e a r-q u a n tita tiv e  i idine (X I I ) )  which was converted into N -form yl-
yields based on consumed 2-pyrrolidone, were achieved 2-piperidone ( X I I I ) . The ease of reversible N -form yl- 
for the i-butyl hydroperoxide preparation of succimmide
(V II). How ever, a  very  sluggish reaction rate— 92 / s .  CHcoh
hr was required to convert 11%  of the lactam — made [ j ■■ 3 ( [
peroxy acid treatm en t the preferred synthetic route. tT Mn
R eaction  with p eracetic acid -m an gan ese(III) provided I I
a 6 4 %  isolable yield of V II  in a 16-hr reaction period. C H 0

R eplacem ent of the am ide hydrogen with a  m ethyl ”  X I 1 1  ^
group (V III) did n ot impede the oxidation, with a tta ck  |Hco2Et |

w .  ^  - o — a
H H H H

vn> 64 °̂ ation in such system s suggests th a t this route m ay be
I-------1 CH3CO3H l____ I useful for converting cyclic amines into lactam s.

V - O  < A A d <8> Discussion

CHs Regarding mechanism , several pathw ays are conso-
IX .55% n an t with the observed results. A  detailed study of the

i-BuOOH or oxidation mechanism  is underway, and the results will
-------1 CH3CO3H /a> be presented in a subsequent publication. H ow ever,

Mnm *■ noreactlon (9) several observations bear mention at this time. First,
CH3 N 0  the high degree of selectivity at the nitrogen-adjacent

h3c site makes it clear that the oxidation may not involve
X strictly free radicals138,— this in spite of the fact that

conventional transition m etal ion (e.g., C o11, M n11) 
still occurring a t the methylene group adjacent to  the interactions with hydroperoxides and peroxyacids are
amide nitrogen (eq 8 ). A  control experim ent showed known to pro(iUCe such species . 2 ,3  This apparent
th a t succinimide was inert to  further oxidation under inconsistency m ay be resolved if one postulates the
normal reaction conditions. S tartin g  m aterial was form ation of a m etal ion-carbonyl or -n itrog en  complex
recovered quantitatively. which precedes oxidation and establishes a tem plate

M onom ethyl substitution a t the 5 position provided th a t controis the direction of subsequent a ttack ,
the 5-i-butylperoxy product from  treatm en t w ith ¿-butyl A m ide-transition  m etal complexes h ave been well
hydroperoxide. H ere, however, unlike IV , the un- docum ented.13b Bonding between the amide and the
sym m etrical peroxide was unstable and product isola- m etal ion appears to  occur through the carbonyl
tion in pure form  was not possible. 5 ,5-D im eth yl 0 Xygen .13b Finally, the isolation of IV  from  the
substitution (X )  rendered the lactam  com pletely inert to  hydroperoxide treatm en t of I I I  suggests th a t such
both hydroperoxide and peroxyacid oxidation. The
n ext lower lactam  homolog, d-propiolactam , exam ined (13) (a) Radical abstraction has been observed at both the nitrogen-

as its N -phenyl d erivative, » a s  also vn reactive to
oxidation with peracetic acid. Elad and J .  Sinnreich, Chem. In d. (London), 768 (1965). (b) W. E . Bull,

Oxidation of N-Alkylamides.— L in ear N -alkylam ides s. k . Madan, and j  e . wmis, inorg. Chem., 2, 303 (1963); s . k . Madan
. .  * , .  , , , ,  *, and H. H. Denk, J .  Inorg. Nucl. Chem., 29, 1669 (1967); R. J .  Niedzielski

possessing a m ethylene ad jacen t to the amide m trogen and G Znider Can 7 Ckem t i3  2618 (1965); Y . Saito, h . iwasaki, y . 
responded readily to peracetic acid -m an gan ese(III) Wawata, and a . Masuko, chem . Abstr., 67, 371143 (1967).



peroxides (and perhaps the corresponding peroxy was evaporated to dryness. The crystals which remained were
esters) are intermediates, albeit unstable ones, in the washed with acetone, and the acetone wash was evaporated
oxidation sequence of the eorresponding „„substituted
lactams. 8 1.22 (t, 3, CH3CH2), 1.63 (m, 4, -CH2-), 2.27 (m, 4, CH2CO),

4.14 (q, 2, CH2CH3), 6.2 (s, 2, NH2); ir (KBr)3260 (NH), 1720 
Experimental Section (ester CO), 1668 (amide CO), 1638 cm-1.

Anal. Calcd for C8Hi603N: C, 55.47; H, 8.73; N, 8.09. 
General Procedure. Hydroperoxide Oxidation.—The lactam Found: C, 55.28; H, 8.56; N, 8.01.

was dissolved in up to a twofold molar excess of ¿-butyl hydro- Oxidation of 2-Piperidone.—A solution of 2-piperidone (95 g,
peroxide (Matheson Coleman and Bell, 69-70% assay in ¿-butyl 0.96 mol), manganic acetylaeetonate (1.0 g), and 68.8% ¿-butyl
alcohol) and then treated with a manganese salt (usually 0.5-1.0% hydroperoxide (200 g, containing 1.53 mol of hydroperoxide) was
of the lactam). The resulting solution was stirred magnetically stirred for 96 hr. Analysis by vpc (12 ft X 'A in. Al, 5%
at room temperature for 3-6 days. At the end of that time the Carbowax 20M on Chromosorb G, 175°), employing dibutyl
unreacted hydroperoxide was determined by conventional iodide/ adipate as an internal standard, showed unreacted valerolactam 
thiosulfate analysis.14 (0.582 mol, 39.4% conversion), II (0.299 mol, 79.2% based on

General Procedure. Peroxy Acid Oxidation.—The lactam and consumed lactam), and a small amount of 3,4-dihydro-2-pyridone.
manganese salt (0.5-1.0% of the lactam) were dissolved in ethyl Fractional distillation provided II (bp 72.5-73 at 0.1 mm),
acetate (with added acetic acid if necessary to obtain homo- which after several washings with 35-37° boiling petroleum
geneity) and placed in a reaction flask equipped with dropping ether, melted at 145-146°16 and was spectroscopically (ir, nmr)
funnel, condenser, thermometer, magnetic stirrer, and external identical with an authentic sample. 3,4-Dihydro-2-pyridone was
brine-cooled jacket. A twofold molar excess of peracetic acid isolated by careful redistillation of early fractions: bp 72.5-73°
(Union Carbide Corp., 25% assay in ethyl acetate) was then at 0.1 mm; mp 27°; ir 3215 (NII), 1682 (amide C=0),
added at a rate sufficient to maintain a reaction temperature of 1635 cm-1 (C=C); nmr (CDC13) 8 2.42 (m, 4, ring -CH2-),
0- 10°. After addition was complete, stirring was continued, 5.11 (m, 1, -C=CHCH2), 6.17 (q, 1, J  = 7.5 Hz, J '  = 5 Hz,
generally overnight, or until an iodide test for peracid was HNCH=C), 8.83 (s, 1, NH).
negative.14 Anal. Calcd for C5H,ON: C, 61.83; H, 7.26; N, 14.43;

Oxidation of e-Caprolactam.—In a typical hydroperoxide parent mass, 97. Found: C, 61.55: H, 7.49; N, 14.50; parent
oxidation, e-caprolactam (213 g, 1.89 mol), manganic acetyl- mass, 97.
acetonate (3.8 g, 1.1 X 10-2 mol), and 69.1% by weight ¿-butyl By the general procedure described above, peracetic acid (64 g, 
hydroperoxide (500 g, containing 3.84 mol of hydroperoxide) 25%, 0.2 mol) treatment of 2-piperidone (9.9 g, 0.1 mol) and
were stirred together at room temperature for 96 hr. Analysis manganic acetylaeetonate in ethyl acetate (50 ml) provided II
of caprolactam and adipimide (I) was carried out by vpc, em- (in 72% yield), recovered by solvent evaporation and recrystal-
ploying a 10-ft 5% Carbowax 20M on Chromosorb G column at lization from ethanol.
170° and dibutyl adipate as an internal standard. Work-up Oxidation of 6-Methyl-2-piperidone with ¿-Butyl Hydroper-
consisted of filtration to remove a dark precipitate, presumably oxide.—A solution of 6-methvl-2-piperidone (28.25 g, 0.25 mol),
spent catalyst, and then in vacuo distillation. After removal of ¿-butyl hydroperoxide (74.25 g, 0.50 mol), and manganic acetyl-
the unreacted hydroperoxide and ¿-butyl alcohol, several large acetonate (0.5 g, 1.4 X 10-3 mol) was stirred at room tempera-
fractions were taken (bp 85-90° at 0.025 mm) which contained ture for 144 hr. The reaction mixture was then filtered, and the
caprolactam, I, and five minor coproducts. Separation of I was filtrate was evaporated in vacuo to give a pale yellow solid,
accomplished by continuously extracting the distillate in a Three recrystallizations from isopropyl alcohol-hexane provided
Soxhlet extractor with refluxing 35-37° boiling petroleum ether. material (9.0 g) which melted at 118.6-121.6°: nmr (CDC13)
Essentially pure I was recovered from the thimble after extracting S 1.20 (s, 9, CH3C), 1.48 (s, 3, CH3C), 1.78 (m, 4, -CH2-), 2.30
a 124-g sample for 113 hr. The material melted at 100-101° and (m, 2, CH2CO), 6.65 (s, 1, NH); ir (KBr) 3450, 3200, 2980,
was spectroscopically (ir, nmr) identical with an authentic 1650 (C=0), 1465, 1450, 1410, 1280, 1217, 1194, 1135, 1107,
sample.11 966, 923, 891, 876 (OO), 833 cm-1. The structure was thus

In a typical peroxy acid oxidation, e-caprolactam (282.5 g, identified as 6-methyl-6-f-butylperoxy-2-piperidone (IV).
2.5 mol) and manganese chloride (ca. 10~5 mol in 10 ml of ethyl Anal. Calcd for C10HI0O3N: C, 59.67; H, 9.52; N, 6.96.
acetate) in ethyl acetate (200 ml) were treated dropwise with Found: C, 59.65; H, 9.54; N, 7.00.
peracetic acid (1500 g of 25%, 4.9 mol), with the temperature The insoluble brown residue from which the original reaction
being maintained at 0-10°. After stirring overnight, the re- material was filtered was slurried with chloroform, filtered, and
action mixture was filtered and the filtrate was evaporated in then dissolved in boiling isopropyl alcohol and refiltered while
vacuo to a red oil. Trituration with isopropyl alcohol and hot. Cooling afforded a white crystalline solid (1.1 g) which,
subsequent cooling gave I as a white crystalline solid (120 g, when recrystallized from isopropyl alcohol, melted (dec) at
0.94 mol, 37.6% yield). 142.7°: ir (KBr) 3450 (OH), 3200 (NH), 1650 cm"1 (NHCO);

Several minor coproducts obtained from a forerun distillation nmr (pyridine-*) 8 1.66 (s, 3, CH3C), 2.0-1.3 (m, 4, CH2),
fraction (bp 65-68 at 0.1 mm) of a large-scale synthesis run 2.35 (m, 2, CH2CO). The structure was thus identified as
(H202) were isolated by preparative-scale vpc (12 ft X V, in. Al, 6-methyl-6-hydroperoxy-2-piperidor.e.
5% Carbowax 20M on Chromosorb G, DMCS-treated and acid Anal. Calcd for C6H„03N: C. 49.64; H, 7.64; N, 9.65.
washed, 175°). Valeramide was identified by comparison of Found: C, 49.87; 11,7.83; N, 9.41.
melting point and spectra (ir, nmr) with those of an authentic Oxidation of 6-Methyl-2-piperidone with Peracetic Acid.— 
sample. N-Formyl-c-caprolactam was similarly compared with Peracetic acid (64.0 g, 25%, 0.2 mol) was added dropwise to a
an independently synthesized sample.15 Also identified was solution of 6-methyl-2-piperidone (11.3 g, 0.1 mol), manganic
1- [H]-7-oxo-4,5-dihydroazepine: ir (neat) 3125 (NH) and acetylaeetonate (50 mg), ethyl acetate (50 ml), and acetic acid
¡i-'niu1*! 1 uv. (MeOFI) Xmax 236 mji ((«, 6240); nmr (50 ml). After stirring for 3 days ( — 10°) the solution was
GDC13) 8 1.91 (m, 2, ring CH2), 2.21 (m, 2, -C=CHCH2-), 2.57 filtered giving a white crystalline product, 6-methyl-5,6-di-

^  (m> A -C=CHCH2-), 5.76 (m, 1, hydroxy-2-piperidone: mp 131-133° (recrystallization from
~NHCH=CH), and 8.15 (s, 1, NH). acetonitrile raised the melting point to 138.5-142°); nmr (D20)

Anal. Calcd for CeH0ON: C, 64.84; H, 8.16; N, 12.60. 8 1.80 (s, 3, CH3-), 2.23 (m, 2, CH2), 2.70 (m, 2, CH2CO), 4.1
Found: C, 64.03; H, 8.49; N, 12.32. (m, i> CHO) (the multiplets at 4.1 and 2.33 were coupled as

Ring Opening of Adipimide.—Adipimide (1.0 g) was stirred shown by a spin-decoupling experiment); ir (KBr) 3200 (broad,
into a solution of sodium hydroxide (2.0 g) in absolute ethanol NH, OH), 1660, 1645 (amide C=0), 1087 cm-1 (CO).
(50 ml). The precipitate formed (10-15 min) was collected by Anal. Calcd for CeHnOnN: C. 49.64; H, 7.64; N, 9.65.
filtration and washed with »-heptane: ir (KBr) 3230 (NH2), Found: C, 49.80; H, 7.74; N, 9.94.
1645 (CO), 1572 and 1422 cm 1 (C02 ). Esterification was The filtrate was evaporated under reduced pressure to a red 
accomplished by treatment with gaseous HC1 in absolute alcohol. oil, then distilled in vacuo into two fractions. Fraction 1, bp
After removal of the precipitated NaCl by filtration, the solution 125-130° at 2 mm, was identified as a mixture of 6-methyl-4,5-

(14) C. D. Wagner, R . H. Smith, and E. D. Peters, Anal. Chem., 19, 976
(1947). (16) j ,  M. Heilbron, “ Dictionary of Organic Compounds,” Vol. 3, Oxford

(15) E. Hanvig and K. Rieckhoff, Pharmazie, 19, 571 (1964). University Press, New York, N. Y ., 1965, p 1532.
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dihydro-2-pyridone and glutarimide. Purification of 6-methyl- allowed to react in the usual manner. Work-up afforded N-
4,5-dihydro-2-pyridone was accomplished by preparative vpc methylsuccinimice (6.25 g, 55.3% yield), mp 64°.17 The struc-
(»/« in. X 12 ft Al, 5% Yersamide on Chromosorb G, DMCS ture was verified by infrared comparison with an authentic
treated, acid washed, 175°, 120 cc/mm He, retention time 11.2 sample.
min): mp 113-115°; nmr (CDC13) 5 1.81 (s, 3, CH3C=), Oxidation of N-Ethylacetamide.—A solution of N-ethylaceta-
2.34 (m, 4, -CH2-), 4.78 (m, 1, -CH=C-), 8.5 (broad singlet, mide (8.7 g, 0.1 mol) and manganic acetylacetonate (50 mg) in
1, NH); ir (KBr) 3150 (NH), 1670 (amide CO), 1239, 1179, 918, ethyl acetate (50 ml) was treated with peracetic acid (64 g, 25%,
813, 762, 663 cm-1. 0.2 mol) in the usual manner. Filtration and evaporation pro-

Anal. Calcd for C6H9ON: C, 64.84; H, 8.13; N, 12.60. vided an oil which, upon distillation, yielded a small amount of
Found: C, 64.80; H, 8.46; N, 12.80. acetamide and diacetamide: 5.9 g (58.4%); bp 80-90° at 1.4

Fraction 2, bp 130-160° at 2 mm, was recrystallized from iso- mm; mp 75.5—77°;18 nmr (CDC13) 5 2.32 (s, 6, CH3C), 9.73 (s,
propyl alcohol-n-hexane: mp 143-145°; nmr (CDC13) 8 1.40 1, NH). Spectral (ir, nmr) comparisons with an authentic
(d, 3, CH3CH), 2.67 (s, 4, CH2CO), 3.98 (q, 1, CHCH3), 7.76 sample verified the structure as that of diacetamide. A mixture
(broad singlet, 1, NH); ir (KBr) 3200 (NH), 1725 (C=0), 1670 melting point was undepressed.
cm“1 (amide C=0). Oxidation of N-Formylpiperidine.—N-Formylpiperidine (11.3

Anal. Calcd for C6H902N: C, 56.68; H, 7.14; N, 11.02. g, 0.1 mol) and manganous chloride (5 X 10-3 mol) in ethyl
Found: C, 56.79; H, 6.97; N, 10.79. acetate (50 ml) were treated with-peracetic acid (120, 25%,

This compound was identified as 6 methyl-5-oxo-2-piperidone. 0.4 mol) in the usual manner. Fractional distillation gave a
Oxidation of 3-Carbethoxy-2-piperidone.—Peracetic acid (32 mixture of starting material and N-formyl-2-piperidone (bp

g, 25%, 0.1 mol), 3-carbethoxy-2-piperidone (8.55 g, 0.05 mol), 80-82° at 3 mm). Preparative-scale vpc (6 ft X V« in. Al, 20%
and manganic acetylacetonate (50 rr.g) were allowed to react in Tergitol N-P44 on Chromosorb W, 170°) provided pure N-
the usual manner. Evaporation under vacuum afforded VI as a formyl-2-piperidone: nmr (CDC13)8 1-87 (m, 4, CH2), 2.56 (m,
white solid (6.4 g, 69% yield) which, after two recrystallizations 2, CH2C==0), 3.60 (m, 2, -CH2N), 10.43 (s, 1, CHO); ir (neat)
from ethanol, had mp 74-76°; ir (KBr) 3100 (hydrogen 1720 (CHO), 1690 cm-1 (-NHCO-).
bonded NH), 1745 (ester C=0), 1708 (sh), 1690 cm“1 (imide Anal. Calcd for C«H902N: C, 56.68; H, 7.14. Found: C, 
C=0); nmr (CDC13), 8 1.29 (t, 3, CH3CH2-), 2.24 (m, 2, -CH2- 56.28; H. 7.28.
CĤ CHA66 (m’ 2’ CH2C0)’ 3 '6 (t’ l ’ ~CHCH2)’ 4 '2 7  (q’ 2’ Registry No.— l-[H]-7-Oxo-4,5-dihydroazepine, 2228-

AnaZ.3 Calcd for C8H„04N: C, 51.88; H, 5.99; N, 7.56. 76-4; adipamic acid ethyl ester, 1190-69-8; 3,4-di-
Found: C, 51.60; H, 5.81; N, 7.32. hydro-2-pyridone, 24058-44-4 ; 6 -methyl-6 -hydroperoxy-

Oxidation of 2-Pyrrolidone .—Peracetic acid (64 g, 25%, 0.2 2-piperidone, 24058-46-6; 6-methyl-5,6-dihydro-2-pi- 
mol) treatment of 2-pyrrolidone (8.5 g, 0 1 mol) and manganic rfd 24058-47-7 ; 6 -methyl-4 ,5 -dihydro-2 -pyridone,
acetylacetonate (50 mg) in ethyl acetate (50 ml) was carried out ^  , r „ , rwn-o no o.
in the usual manner. Filtration and evaporation provided sue- 24058-29-5; 6-methyl-5-OXO-2-piperidone, 24058-30-8,
cinimide (5.7 g, 63.7% yield) as a white crystalline material N-formyl-2-piperidone, 24058-32-0; M n(acac)2, 14024-
whose melting point (124°, ethanol recrystallization) and infrared 5 3 . 9 . M n(acac)3, 14284-89-0; IV, 24058-45-5; VI,
spectrum were identical with those of an authentic sample. 24058-31-9

Oxidation of N-Methyl-2-pyrrolidone.—Peracetic acid (64 g,
25%, 0.2 mol), N-methyl-2-pyrrolidone (9.9 g, 0.1 mol), and (17) A. Labruto, Gazi. Chim. Hal., 63, 266 (1933).
manganic acetylacetonate (50 mg) in ethyl acetate (50 ml) were (IS) I. M. Heilbron, ibid., 63, 845 (1933).

Fluoro Olefins. III. The Synthesis of 0 -Substituted 1 -Chloroperfluoro Olefins1
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The reaction of polyfluorinated ketones with chlorofluoromethylenetriphenylphosphorane, (C6H5)3P=CFC1, 
generated in situ from sodium dichlorofluoroacetate and triphenylphosphine, provides a general, one-step route 
to ¿¡-substituted 1-chloroperfluoro olefins. The (3 substituent can either be an aryl or alkyl group. The reaction 
of this ylide with several typical aldehydes and ketones was also briefly studied. The proposed mechanism for 
the formation of the chlorofluoromethylene ylide involves the decomposition of an intermediate phosphobetame 
salt. An alternate route to the chlorofluoromethylene ylide, via reaction of dichlorofluoromethane with potassium 
Z-butoxide and triphenylphosphine, is also presented.

Earlier reported preparations of 1-chlorofluoro olefins At present, two reports other than our ownlc have 
generally required several steps, involving Grignard appeared in the literature which describe the ch oro-
reagents and zinc dehalogenations.3- 7 Reaction of the fluoromethylene ylide route to 1-chlorofluoro olefins,
chlorofluoromethylene vlide with a carbonyl moiety Speziale and R atts8 prepared 1, l-diphenyl-2-iiuoro-
offers a simple, one-step route to these olefins. Par- ethylene via the following sequence. The chioro-
ticularly, reaction with polyfluorinated ketones offers a H , P=CFC1 +  ;c 8H5)2C = 0 __ >
facile synthesis of /3-substituted 1-chloroperfluoro olefins. 6 5 3 v (C«H5)2C=CFC1 + (C6H5)3PO

(1) (a) Presented in part: Abstracts, 154th National Meeting of the  ̂ .
American Chemical Society, Chicago, 111., Sept 1967, p 2k. (b) Taken in fluoromethylene ylide W ES generated from dlChlorO-

fluoromethane, potassium f-butoxide, and triphenyl-

s HT- “ ki' andPJScheuer' J Amer- r z z z s * .
(4) P . T a t f t  and D. A. Walker, ibid., 76, 1624 (1954). sor Ando» has also informed us that his group was also unsuccessful m

(6) K S XB ergm aln Ce iX 'V a:'"a Z ^ C K ^ . Sac.. 79, 4174 (1957). ^ a ^ P r o 'L s o r  T . Ando, private communication.• We are ^ b t ed to
(7) T. Ando, et a l ,  Bull. Chem. Sac. Ja p .,  40, 1275 (1967). Professor Ando for common,catmg some of h,s unpubhshed data us.
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T a b l e  I

Physical Properties of /3-Substituted 1-Chloroperfltjoro Olefins
Cyclohexane, Ethanol,

A R(R) Rf Isomer® Bp, °C (mm) n20D pC-CFCL  ̂ Xmax. Top («) Xmax, Tû.ft («)

CeH5 CFs A 75(40) 1.4558 5.97 221 (5,730 ) 221 (5,380)
B 77 (40) 1.4636 6.01 227 (8,350) 227 (7,790)

CeH6 C2F5 A 75(30) 1.4334 6.02 222 (5,350) 222(4,750)
B 77 (30) 1.4401 6.04 223 (7,460) 223 (6,500)

CeHs n-C3F7 A 83(25) 1.4181 6.01 222(4,800) 222 (4,730)
B 85 (25) 1.4243 6.05 223 (7,300) 223 (6,400)

p-ClC6H4 CF3 A 94 (20) 1.4788 5.98 226 (10,300) 225 (9,150)
B 97(20) 1.4874 6.02 231 (11,600) 231 (10,900)

p-CH3OC6H4 CF3 A 104(15) 1.4736 5.98 246 (5,400) 246(5,160)
B 107(15) 1.4846 6.02 252(7,360) 251 (6,420)

p-FCeH, CF„ A 84(40) 1.4435 5.97 222(5,130) 223(4,690)
B 86(40) 1.4508 6.02 228(7,370) 228(6,980)

p-CH3C6H4 CF3 A 90(25) 1.4606 5.98 228(6,050) 230(5,340)
B 93(25) 1.4697 6.02 233(8,940) 231 (8,550)

C6H5 CF2C» A 78(15) 1.4895 5.98 223(5,940) 223(5,460)
B 78(15) 1.4941 6.03 227(7,580) 227(7,280)

CeHn CF3 A 76(35) 1.4181 6.00
B 76(35) 1.4204 6.01

n-C4H9 CF,6 A 114(739) 1.3753 5.94
B 114(739) 1.3775 5.95

C6H5CH2 CF3 A + B» 81 (20) 1.4647 5.95
(50/50)

“ A = AR(R)>C=C<C1, B = AR(R)>C =C Z. Registry numbers in descending order are 19302-03-5, 19302-02-4, 24165-18-2, Rf F Rf Cl
24165-19-3, 24165-20-6, 24165-21-7, 19302-07-9, 19302-06-8, 19302-11-5, 19302-10-4, 19302-05-7, 19302-04-6, 19302-09-1, 19302-08-0, 
24165-29-5, 24164-51-0, 24164-52-1, 24299-52-9, 24164-53-2, 24164-54-3, 16205-21-3 (A), 16205-22-4 (B). 6 Isomers were not separable 
by distillation. c Isomers were inseparable by distillation or preparative glpc.

T a b l e  II
/3-Sttbstituted 1-Chloroperfluoro Olefins

Yield, ----------C, %--------- , ,--------- H, %------—, ,----------Cl, % --------- , ,--------- F, %----- —.
AR(R) Rf % a A/B ratio6 Calcd Found Calcd Found Calcd Found Calcd Found

C6H5 CF3 56 53/47 48.10 47.99 2.23 2.21 16.04 15.81 33.85 33.90
CeHs C2F5 42 59/41 43.70 43.98 1.82 1.63 12.94 13.02 41.50 41.66
C6H5 m-C,F, 41 60/40 40.65 40.39 1.54 1.39 10.93 11.06 46.80 48.74
p-ClC6H4 CF3 53 55/45 41.75 42.06 1.55 1.59 27.40 27.60 29.40 30.22
p-CHsOCsH, CF3 67 52/48 47.25 47.54 2.75 3.01 13.93 13.69 29.85 30.09
p-FC6H4 CFs 27 55/45 44.50 44.77 1.65 1.61 14.65 15.42 39.20 39.63
p-CH3C6H4 CF3 48 53/47 50.30 50.18 2.94 2.91 14.90 15.40 31.85 32.67
C,H6CH2 CF3 37 50/50 50.43 50.58 2.94 2.86 14.90 15.42 31.85 32.15
CeHn CFs 70 42/58 47.00 47.25 4.78 4.88 15.40 15.30 32.90 33.09
n-C4H9 CF3 34 48/52 41.20 41.33 4.41 4.54 17.36 17.23 37.15 37.10
C6H5 CF2C1 29» 52/48 44.80 44.50 2.07 2.22
“ Glpc yield was based on starting ketone. 6 This was the cis/trans ratio afforded from the olefination reaction. A and B are the 

same as in Table I. * This olefin was prepared from the chlorofluoromethylenetriphenylphosphorane ylide generated from potassium 
Z-butoxide, dichlorofluoromethane, and triphenylphosphine.

phosphine. Ando and coworkers11 have prepared this ehloroperfluoro olefins in yields of 34-70%. The poly-
ylide by the reaction of methyl dichlorofluoroacetate fluorinated ketones were prepared by reaction of the
with triphenylphosphine and sodium methoxide in appropriate Grignard reagent with a polyfluorinated
petroleum ether. acid.12 Reaction of the chlorofluoromethylene ylide

with several typical nonfluorinated aldehydes and ke- 
Results and Discussion tones afforded the corresponding chlorofluoro olefins in

„ .. _ „ . , . , , , , yields of 9 to 49%.
Chlorofluoromethylenetriphenylphosphorane, gen- 0n a smaU_scale basis these reactions were carried 

erated from sodium dichlorofluoroacetate and tn- out - si j heatin a triglvme solution of the car-
phenylphosphine, reacted with polyfluorinated ketones bon l compound) triphenylphosphine, and sodium di-
to afford the corresponding ns-trans Substituted 1- chlorofluoroacetate at 80 to 90° for a period of several
(C6H5)3P + CFCl2C02Na— >■ hours. For preparative-scale reactions, a solution of

(C«H6)3P=CFC1 + NaCl + C02 sodium dichlorofluoroacetate in triglyme was added
dropwise to a mixture of triphenylphosphine and car- 

(C6H5)3P=CFC1 + AR(R)CORf > bonyl compound in triglyme at 80-90°. This pro-
AR(R)C(Rf)=CFCl + (C6H6)sPO cedure prevented a rapid uncontrollable evolution of

carbon dioxide. The results of these reactions, in-
(11) H. Yamanaka, T . Ando, and W. Funaska, Bull. Chem. Soc. Ja p .,

41, 757 (1968). (12) K. T. Dishart and R. Levine, J .  Amer. Chem. Soc., 78, 2268 (1956).
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Table III
M is c e l l a n e o u s  /3-Ch l o r o f l u o r o  O l e f in s

Yield, ,--------- C, %--------- . ,--------- H, %--------- . ,--------- Cl, %--------- . ,--------- F, %--------- ,
Chlorofluoro olefin ! % ° Bp, °C (mm)1 A/B ratio6 Caled Found Caled Found Caled Found Caled Found

C 6H 5C H = C F C l<i 49 63 (16) 56/44 6 1 .3 0  6 1 .1 9  3 .8 3  4 .1 0  2 2 .7 0  2 2 .4 0  1 2 .1 5  1 2 .2 9
n-C 4H 9C H = C F C le 25 1 0 8 (7 3 8 ) 61/39 5 2 .7 5  5 2 .8 3  7 .3 3  7 .3 6  2 6 .0 0  2 5 .7 4  1 3 .9 2  1 4 .2 1
I I
C H 2(C H 2)3C = C F C F  9 5 9 (7 5 )  5 3 .5 0  5 3 .4 3  5 .9 5  6 .0 8  2 6 .4 0  2 6 .1 1  1 4 .1 1  1 4 .4 2
I I
C H 2(C H 2)3C = C F C 1  23»
(CeH5)2C = C F C l 0

“ Glpc yield was based on starting  ketone. 1 Boiling point of c is-tran s  m ixture obtained from  ylide reaction. '  T h is was the c is /tran s
A R (R )  Cl A R (R ) F

ratio of product afforded from  the olefination reaction ; A =  ^ > C = C <  , B  =  ^ > C = C <  . d n mD 1.5410 (cis-tran s
H F  H Cl

m ixture), vc- cfci, 5 .98  p (c is-tra n s  m ixture). R egistry  num bers are 16205-22-4 (A ), 16629-98-4 (B ) . e ra20D 1.4090 (c is-tra n s  mix­
ture), rc-cFci, 5 .93  (c is-tra n s  m ixture). R egistry  numbers are 24164-59-8 (A ), 24164-60-1 (B ) . > n mD 1.4456, vc- cfci, 5 .87  ¡i. R egistry  
number is 24164-76-9 . » Tributylphosphine was used in place of triphenylphosphine.

eluding some of the physical properties of these olefins tion of sodium dichlorofluoroacetate in dimethyl sul- 
are summarized on Tables I —III . foxide also caused evolution of dimethyl sulfide.

Concentration studies demonstrated that for best Several workers have claimed that addition of lithium 
results a mole ratio of 1 .5 :1 .5 :1 .0  of triphenylphos- ion or iodide ion to a Wittig reaction mixture has a
phine, sodium dichlorofluoroacetate, and carbonyl com- noticeable effect on the cis/trans ratio of the prod-
pound, respectively, should be used. The cis-trans uct.15-17 However, others have disputed this
olefin was isolated by flash distillation of the reaction claim.18'19 In  this work the product cis/trans ratio was
mixture into a Dry Ice cooled receiver. Careful dis- not significantly affected when the reaction with tri-
tillation on a spinning-band column and/or preparative fluoroacetophenone was carried out in the presence of
glpc yielded pure cis and trans olefin, cis-trans isomer lithium ion (as CFCI2CO2 LÍ) or in the presence of
assignments for the olefins were based on J f ,c f „ or iodide ion (as N al); the isomer ratio in the presence of
/ h ,f - lithium ion was 51/49, and in the presence of iodide ion

To determine the effect solvent had on reaction was 54/46. 
yields and cis/trans ratios, a variety of dipolar aprotic However, an increase in the size of the perfluoroalkyl 
solvents was studied, using trifluoroacetophenone as a group did affect the cis/trans isomer ratio. When tri­
model ketone. The results are summarized in Table fluoroacetophenone was allowed to react with the
IV. As the results of this table illustrate, the cis/trans chlorofluoromethylene ylide, 53%  of the product was

the isomer bearing the phenyl and chlorine groups cis, 
and with pentafluoropropiophenone the percentage of 

1  a b l e  I V  the corresponding isomer increased to 59% . The sub-
E f f e c t  o f  S o l v e n t s  on t h e  R e a c t io n  o f  stitution of an aliphatic group for an aromatic group

T r if l u o r o a c e t o p h e n o n e  w it h  T r ip h e n y l p h o s p h in e  algQ  h a d  a n  e f f e c t  Qn t h e  cis/trans isomer rati0, but in
a n d  S o d iu m  D ic h l o r o f l u o r o a c e t a t e  a t M  the opposite direction. When a cyclohexyl group was

Time, Carbond' % substituted for a phenyl group, the percentage of the
Solvent mm° dioxide oiefin1 a/b ratio» corresponding isomer decreased to 42% . A butyl or a

D im ethylform am ide 2 1  100 20  55/45 benzyl group had less effect in this respect, para sub-
N -M ethyl-2-pyrrolidone 23 77 2 0  54/46 stituents on the aromatic ring had little effect on the
M onoglym e 281 8 8  27 54/46 product cis/trans isomer ratio. When an aldehyde
D iglym e 135 8 8  54 55/45 was allowed to react with the chlorofluoromethylene
Triglym e 90  8 6  56 53/47 ylide, the less sterically favored isomer was formed in
D im ethyl sulfoxide '1 greater amounts. For example, 56%  of the chloro-

f™">th0 » ' benzaldehyde with the
was the c is /tra n s  ratio  of product afforded from  the olefination chlorofluoromethylene ylide was the o le f in  bearing the 

_  C 6H 5 C l C 6H 6 F  phenyl and chlorine groups cis. With valeraldehyde,
reaction; A = qp3> c= c < j ' ’ B  ~ CFS>C—C < C1' the percentage of the corresponding isomer was 61%.
d Rapid  evolution of d im ethyl sulfide precluded any further This anomaly is rationalized by assuming hydrogen
m easurements. bonding between the aldehydic proton and the ylide

fluorine in the betaine-forming step, thus producing
isomer ratios are not affected by a change in solvent.18 ™ re ° f the betaine that\ yields tbe les® sterically 
When dimethyl sulfoxide was used as the solvent for the favored “ er upon decomposition into chloro- 
reaction, a competing side reaction took place, which fluoro olefin and triphenylphosphine oxide Ando and
produced dimethyl sulfide [isolated as its mercuric c° w«rkf s have alsou,carr'ed out the reaction of b i ­
chloride adduct, 2(CH3)2S-3H gCl2u ]. Heating a solu- aldehyde with the chlorofluoromethylene ylide. Their

(15) L. D. Bergelson and M. M. Shemyakin, Tetrahedron, 19, 149 (1963).
(13) Although we have found no solvent effects in the reaction of the (16) L. D. Bergelscn, et al., Tetrahedron Lett., 2669 (1964).

fluorochloro ylide generated via sodium dichlorofluoroacetate, Ando and (17) M. Schlosser, G. Mueller, and K. F . Cristmann, Angew. Chem. IrU.,
coworkers10 have found that, when the ylide is generated from methyl di- Ed. Engl., 5, 667 (1964).
chlorofluoroacetate, the cis/trans product ratios do vary with the polarity (18) G. Drefahl, D. Lorenz, and G. Schmitt, J .  Prakt. Chem., 23, 143
of the solvent. (1964).

(14) W. F . Farragher, J .  C. Merrel, and S. Conroy, J .  Amer. Chem. Soc.'t (19) H. O. House, V. K . Jones, and G. A. Frank, J .  Org. Chem., 29, 3327
51,2774 (1929). (1964).
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T a b l e  V

C o m p a r iso n  o f  D e c a r b o x y l a t io n “ and  B a s e  p l u s  H alo  f o r m 6 M e t h o d s  o f  Y l id e  G e n e r a t io n

Starting ketone Decarboxy“ yield, % Base“ yield, % Decarboxyá A/B ratio Based A/B ratio

Benzaldehyde 49 39 56/44 56/44
Trifluoroacetophenone 56 31 53/47 52/48
Cyclopentanone 9 27
Cyclopentanone* 23 0
Benzophenone 0 0

“ D ecarboxylation m ethod: (CsHshP +  CFCUCChNa — >■ (C 6H 5)3P = C F C 1 +  C 0 2 +  N aC l. 6 B ase  +  haloform  m ethod: (C 6H 5)3P  
+  C H F C h  +  2-B u O K  — >• (C6H5)3P = C F C 1  +  í-Bu O H  +  KC1. e Glpc yield based on starting  ketone. d T h is was th e  c is /tr a n s

C H C l C H F
ratio of product afforded from  the olefination reaction, A =  l’> C = C <  , B  =  > C = C <  . * Tri-n-octylphosphine

O F3(H ) F  O r 3(H ) Ol
substituted  for triphenylphosphine.

results indicated that 56%  of the chlorofluoro olefin reaction mixture of tri-n-hutylphosphine and sodium
from the reaction was the isomer bearing the phenyl dichlorofluoroacetate in triglyme (85°) after all carbon
and chlorine groups trans, just the opposite of our dioxide evolution, no chlorofluoroolefin was obtained,
results. We are unable at present to account for this Similarly, no chlorofluoro olefin was obtained when
disparity between our results and theirs. cyclopentanone was added to the reaction mixture of

The reaction of dichlorofluoromethane with potas- dichlorofluoromethane, potassium i-butoxide, and tri-
sium i-butoxide and triphenylphosphine as an alternate n-butylphosphine in heptane (0°). Benzophenone
route to the chlorofluoromethylene ylide was also in- failed to react under either method of chlorofluoro-
vestigated. Briefly, the procedure used was to add methylene ylide generation.9 B y  increasing the ratio
dichlorofluoromethane to a slurry of potassium f-bu- of chlorofluoromethylene ylide precursor (triphenyl-
toxide and triphenylphosphine in heptane at 0°. Then phosphine, potassium f-butoxide, and dichlorofluoro-
the desired carbonyl compound was added. The ratio methane) to carbonyl compound from 1.5 to 3 to 1 in
of reactants was formally the same as that used in the the haloform plus base method of ylide generation, the
decarboxylation method of ylide generation previously yield of chlorofluoro olefin from trifluoroacetophenone
described. The resulting mixture was stirred for increased from 31 to 55% . Thus, the utility of the
several hours at room temperature, then subjected to cheaper haloform method can be increased by employ-
product separation. Product yields and isomer ratios ing a large excess of the fiuorochloromethylene ylide.
were determined by glpc analysis. The results ob- The identification of the chlorofluoro olefins was 
tained from this method of ylide generation are com- based primarily on elemental analysis and infrared,
pared with the decarboxylation method of ylide gener- ultraviolet, and proton and fluorine nmr spectroscopy,
ation in Table V. The results in this table illustrate The infrared spectra of the chlorofluoro olefins always
that reaction temperature and changes in solvent have exhibited a strong > C = C FC 1 absorption between
no influence on the cis/trans ratio of product. These 5.97 and 6.05 yu. The position at which the > C = C FC 1
data also demonstrate that the decarboxylation method absorption occurred in any pair of cis-trans isomers
used in conjunction with aldehydes and reactive (poly- differed by 0.05 m or less.
fluorinated) ketones generally enables somewhat higher The ultraviolet spectra of the /3-aryl substituted 1- 
yields of olefins. With unreactive ketones, such as chloroperfluoro olefins exhibited a decrease in extinc-
cyclopentanone, the reactivity and stability of the tion coefficient between cyclohexane and ethanol. The
intermediate ylide become more important. At the r  —*■ x *  primary absorption band in the para-
higher reaction temperature of the decarboxylation substituted 2 -phenyl-l-chloroperfluoro olefins showed
method of ylide generation, most of the ylide de- an increasing wavelength value in the following order:
composes before reaction with the unreactive carbonyl p-CH3- 0  >  p-CH 3 >  p-H >  p-F. In  the homologous
species. At the lower temperature of the haloform 2-phenyl-l-chloroperfluoropropene, butene, and pen-
and base method of ylide generation, however, the ylide tene series, the value of the absorption maxima and
is more stable, and hence reaction even with an unre- extinction coefficient decreased with increasing per-
active carbonyl compound gives a higher yield of olefin. fluoroalkyl group size in the order C F 3 >  C2F 6 >  n-
Although the ylide (from sodium dichlorofluoroacetate) C3 F 7. Apparently, the larger the perfluoroalkyl group,
decomposes at the higher temperature, rapid cooling the more the phenyl ri was twisted out of conj Ugation
and addition of a reactive carbonyl component showed with the double bond lowerin both the wavelength
that a reasonable amount of ylide still remained since and ^  extinction coefficient.
a 36%  yield of product was obtained when trifluoro- T . . r . . .
acetophenone was added to the reaction mixture of In+.any given Pair ^  crs-trans isomers, both the ab- 
triphenylphosphine and sodium dichlorofluoroacetate f ° rptl0n m™ a and the extinction coefficient were 
in triglyme after carbon dioxide evolution had ceased. arger 1 1 1  1S0mer bearing the aryl and chlorine 
When tri-n-butylphosphine was substituted for tri- groups in a trans configuration than in the isomer bearing 
phenylphosphine, a more reactive chlorofluoro- the “ T 1  and chlorine groups cis. This effect could be
methylene ylide was formed. For example, a 25%  rationalized in terms of steric crowding between the
yield of chlorofluoro olefin was obtained with cyclo- aromatic ring and the chlorine atom. When the phenyl
pentanone when tri-n-butylphosphine was substituted and chlorine groups occupied cis positions, the phenyl
for triphenylphosphine in the decarboxylation method ring was twisted out of conjugation to a greater extent
of ylide generation. However, this alkyl ylide is much with the double bond than when the phenyl and
less stable. When cyclopentanone was added to the chlorine groups occupied trans positions.
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The fluorine nmr data were also consistent for the ethylene, no cyclopropane adduct was formed. Either
assigned structures of the /3-substituted l-chloroper- triphenylphosphine is a better trapping agent for the
fluoro olefins, and were used to assign the configurations chlorofluorocarbene, or triphenylphosphine reacts with 
of the cis and trans isomers on the basis of the F ,C F 3 or the fluorochloroacetate to form the phosphobetaine
F ,C F 2X  coupling constants across the double bond salt discussed above. To evaluate this former pos-
(see Table V I). The trans F ,C F3 or F ,C F 2X  (X  =  sibility, the chlorofluoromethylene ylide was generated

via the reaction of dichlorofluoromethane with 
T a b l e  V I potassium i-butoxide in the presence of equimolar

„  , T r, „ „ amounts of tetramethylethylene and triphenylphos-
1 -C h l o r o p e r f l u o r o  O l e f in s  ^ e; Subsequently, trifluoroacetophenone was

AR(R)C(CF2X)=CFC1 added to the reaction mixture. After work-up, glpc
» 2 analysis showed a 14% yield of the cyclopropane ad-

iso- duct and a 19% yield of C 6H5 C (CF 3 )=C FC 1. These
AR(R) x  meri Jl'* ^ results indicate that triphenylphosphine and tetra-

C s H 5  F A 2 4  6 4  1  5 9  0  methylethylene are of comparable ability as trapping
B 1 3  6 1 , 7  5 9  0  agents for the chlorofluorocarbene. Consequently, the

p~ 6 4 g ^  ^  absence of cyclopropane formation, when sodium di-
pnA inT a . ' '.  chlorofluoroacetate was decarboxylated in the presence

B 1 3  g2  4  5 9  3  of equivalent amounts of triphenylphosphine and tetra-
p-FC6H4c F A 24 62.2 5 9 . 1  methylethylene, lends support to the phosphobetaine

B 13 61 5 59.3 salt (C6H6 )3P +CFC1C02~ as the precursor to the chloro-
j9-CH3C6H4 F A 24 64.3 59.4 fluoromethylene ylide in the decarboxylation method of

B 13 62.2 59.2 ylide generation. Evidence for the formation of sim-
CeHn F A 26 64.6 57.3 ilar phosphcbetaine salts has been observed by

B 1 2  6 4  ■ 5  5 9  • 7  Denney2 2  in the corresponding hydrocarbon analogs,
ra-C4H9 F A 21 65.8 61.1 (C6H 5) 3P+(CH 2) reC 0 2- ,  n = 2, 3. These salts could

 ̂ ” ' ' not be isolated in the case where n was equal to 1.
6 5  g  1 2  63 4 46 2 Similarly, the analogous fluorinated salt, (C6H5)3P +-

C 6h 5 c f 3 A 27 60 ' 9  108 i 8 CFC1CO,-, could not be isolated.
B  7 5 2 .8  1 0 9 .5

CeH5 C2F 5 A 28 5 8 .7  1 0 5 .2  E x p e r im e n t a l  S e c t io n
B  8  5 1 .9  1 0 6 .3

0 T h e chem ical sh ift values are expressed in 4> (parts per m il- In frared  spectra were recorded on a Perkin-E lm er M odel 21
lion) values upfield from  CC13F  and the coupling constant values spectrophotom eter using a neat film  of sam ple, and calibrated

A R (R )  Cl v s■ a 0-07-m m  polystyrene film . U ltrav io let spectra were ob-
are in cycles per second. b A =  > C = C <  , B  =  tained on a  B eckm an D K -2A  recording spectrophotom eter,

X 1I2C h using b o th  cyclohexane and ethanol as solvents. P roton  nmr
A R ( R )> C = C < F  _ c Isom er x  or B :  arom atic F  =  + 1 1 0 .0 * .  spectra were obtained on a V arian  A -60 spectrom eter and are

X F 2C C l reported in 5 values downfield from  an internal standard of
tetram ethylsilar.e. Fluorine nm r spectra were obtained on a 
V arian  H A -100 spectrom eter a t 94 .1  M cps and are reported in 

CF3, C2F s, or Cl) coupling constants ranged from 7 to *  values upheld from  an internal standard of trichlorofluoro-
13 cps. Both stone20 and Swalen20 21 have reported m ethane. Glpc analyses were obtained on an F  & M  M odel 720
coupling constants of 21-24 and 9 - 1 2  cps for the re- dual, column gas chrom atograph using helium as a carrier gas.

. .  . i , p c F  v  , x • Prod uct yields were determined from  com parison of the relativespectxve cis and trans F ,C F 3 coupling constants in «- areag ^  peaks to areag due t0 external standards of the
substituted perfluoropropenes. sam e compounds. Colum n A was a 6  f t  X  0 .2 5  in . i .d . copper

M e c h a n is m  f o r  C h lo r o f lu o r o m e th y le n e  Y l id e  F o r -  column packed w ith 1 0 %  w/w silicone rubber supported on
m a t io n  f r o m  S o d iu m  D ic h lo r o f lu o r o a c e ta te  a n d  T r i -  100 -1 2 0  mesh G as-Chrom  P . Colum n B  was a 6  f t  x  0 .25  in .
nhenvlnhosnhine -__ S e v e r a l  n la u s ib le  m e c h a n is m s  c a n  i.d . copper column packed w ith 1 0 %  w/w Carbow ax 20M  sup-
p n e n y ip n o s p n m e . b e v e r a l  p ia u s m ie  m e c n a m s m s  c a n  ported on 8 0 _ 1 0 0  mesh chrom osorb P . Colum n C was a 10 f t
be envisioned to explain the formation o: the chloro- x  0  5 0  in  L d  copper coiumn packed w ith 2 0 %  w/w D C -Q F-1
fluoromethylene ylide from triphenylphosphine a n d  fluorosilicone rubber supported on 8 0 -1 0 0  mesh Chrom osorb P .
sodium dichlorofluoroacetate. One possibility involves C arbon and hydrogen analyses were obtained in this laboratory ,
prior decomposition of sodium dichlorofluoroacetate to and fluorine and chlorine analyses were carried out b y  Schwarz-

form chlorofluorocarbene, which then reacts with tn - Sodium  D ichlorofluoroacetate.— Sodium  dichlorofluoroacetate
phenylphosphine to form the chlorofluoromethylene was prepared by  the careful neutralization of 80 g (0 .5 4  mol)
ylide. In  another possibility, sodium dichlorofluoro- of dichlorofluoroacetic acid in 150 ml of ether w ith 29 g (0 .27
acetate reacts with triphenylphosphine to form a phos- m°l) °f anhydrous sodium carbonate, w ith  subsequent rem oval

1 , , • j . „„ f r< tt \ T i+ n L T 'i r v i  -  k o fn m  of the ether and w ater under reduced pressure, then  heatingphobetame salt, such as (C6H6)3P+CFC1C02 before ovem ight a t reduced pressure (m . 4  mm  or low er) a t 5 0 °. L ith -
losing carbon dioxide to form the chlorofluoromethylene ium dichlorofluoroacetate was prepared in a sim ilar m anner,
ylide. When sodium dichlorofluoroacetate was allowed Polyfluorinated K eto n es .— T h e  polyfluorinated ketones used
to decarboxylate in the presence of tetramethylene, a in  th is study were prepared b y  th e  m ethod of D ish art and
37%  yield of the corresponding chlorofluorocyclopro- L e v in e ^  A  good exam ple of th is type of synthesis is described

pane adduct was produced. When a similar de- 6 G eneral M ethod for the Synthesis of 1-Chlorofluoro O lefins.—
carboxylation was carried oub in the presence of equi- + h e  reaction  apparatus employed consisted of a three-necked
molar amounts of triphenylphosphine and tetramethyl- __________

(20) E . Pitcher and F. G. A. Stone, Spectrochim. A da, 17, 1244 (1961). (22) D. B. Denney and L. C. Smith, J . Org. Chem., 27, 2404 (1962).
(21) J .  D. Swalen and C. A. Reily, J .  Chem. Phys., 34, 2122 (1961). (23) F . E . Herkes and D. J .  Burton, ibid., 32, 1316 (1967).
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round-bottom ed flask equipped w ith a m agnetic stirrer, a nitro- the absence of any cyclopropane derivative. F rom  the reaction ,
gen in let tu b e, and a  reflux condenser equipped w ith a nitrogen 3 .0  g (9 7 % ) of the tetram ethylethylene was recovered,
ou tlet leading to  a m ercury bubbler and a D ry  Ic e  cooled trap . A control reaction consisting of a  solution of 25 g (0 .3  m ol) 
F o r sm all-scale reactions, the pressure-equalized dropping funnel of tetram ethylethylene and 34 g (0 .2  m ol) of sodium dichloro-
was deleted from  the apparatus. fluoroacetate in 100 ml of triglym e heated overnight a t 70°

A typical preparative-scale reaction  using the synthesis of gave the corresponding chlorofluorocyclopropane adduct in a
2-(p-chlorophenyl)-l-chloroperfluoropropene, p -C lC 6H 4C (C F 3) =  3 7 %  yield. T h e  proton nmr spectrum  of the compound showed
C FC 1, as an exam ple proceeded as follows. In to  a 500-m l three- ad ou b let a t  5 1 .13  ( J f .cf , =  2 .0  cp s).24
necked flask, equipped in the m anner previously described, A n a l.  C alcd for C jH A C lF : C , 5 5 .8 1 ; H , 7 .9 7 . Fou nd: 
were placed 100 ml of triglym e, 80 g (0 .3  m ol) of triphenylphos- C , 5 5 .7 4 ; H , 7 .6 9 .
phine, and 4 .1 6  g (0 .2  m ol) of p-chlorotrifluoroacetophenone. A third reaction was carried out consisting of 50 ml of dry 
T h e  reaction m ixture was heated to  90 ° and approxim ately one- diethyl ether, 9 .8  g (0 .037 m ol) of triphenylphosphine, 4 .3  g
qu arter of a solution of 51 g (0 .3  m ol) of sodium dichlorofluoro- (0 .037 m ol) of potassium  i-butoxide, and 3 .4  g (0 .040  m ol) of
acetate  in  70 m l of triglym e was added to th e  reaction  m ixture. tetram ethylethylene. T h e resulting m ixture was cooled in an
O nce the reaction m ixture had turned to  a dark red or b lack  ice b a th  and 5 .0  g (0 .040 m ol) of dichlorofluorom ethane was
color, the rem aining three-quarters of the solution was added added. T h en  4 .0  g (0 .025 m ole) of trifluoroacetophenone was 
dropwise and the resulting m ixture was allowed to  stir overnight added. F lash  d istillation of the volatile m aterial into a D ry  Ic e
a t 9 0 ° . T h e reaction m ixture was then su bjected  to  flash dis- cooled receiver, followed by glpc analysis of the d istillate  on
filia tion . T h e  d istillate was poured into 400 ml of w ater and th e  column A showed a  1 4 %  yield of the cyclopropane adduct and 
resulting m ixture extracted  twice w ith 200-m l portions of ether. a 19%  yield of C6H5C (C F 3)= C F C 1 .
T h e  combined ether extracts were washed five tim es w ith 200-m l Preparation of the Chlorofluoromethylene Ylide via  Tri­
portions of w ater, dried over anhydrous magnesium su lfate, and phenylphosphine, Dichlorofluoromethane, and Potassium t-
diluted to 250 ml wi',h ether. Prod uct yield determ ined b y  glpc Butoxide.— T h e reaction apparatus employed consisted of a 100-
analysis of the solution on column A indicated  a 5 3 %  yield of ml three-necked round-bottom ed flask equipped w ith a nitrogen
olefin, based on starting  ketone, and the absence of starting  in let, m agnetic stirrer, rubber septum , and a D ry  Ic e  condenser
k etone. I f  any starting  ketone was present it  could be readily fitted  w ith an in let near the bottom  for the introduction of
rem oved b y  stirring the ether ex tract over 100 ml of an aqueous condensable gases and an ou tlet a t  the top leading to a m ercury
1 0 %  sodium hydroxide solution. T h e  c is /tr a n s  ratio  of product bubbler, and a D ry  Ice  cooled trap .
was determ ined on column B .  T h e configurations of both  In to  the reaction apparatus were placed 65 ml of heptane, 4 .3  g 
isomers were determined b y  the fluorine nmr spectra (see R esults (0 .038 m ol) of potassium  f-butoxide, and 9 .8  g (0 .037  m ol) of
and D iscussion). C oncentration of the ether solution, followed triphenylphosphine. T h e  resulting slurry was cooled in an ice
b y  d istillation "it, reduced pressure yielded 21 .5  g (4 2 % ) of pure b a th , a slow flow of nitrogen started , and 5  g (0 .040  m ol) of 
c is -tra n s  olefin, bp 88 ° (15 m m ). Pure cis  and tran s  olefin were dichlorofluoromethane was added via  the gas in let a t  the bottom
obtained b y  d istillation of the c is-tra n s  isomer m ixture through of the D ry  Ic e  condenser. W hen the gas cam e into co n tact w ith
a 24-in . N ester-F au st Teflon spinning-band column w ith a  reflux the D ry  Ic e  cooled cold finger in the center of the condenser, i t
ratio  of 2 5 :1 .  Since the lower boiling isomer was still contam i- liquified and dripped into the reaction m ixture in  m uch the
nated w ith about 4 %  higher boiling isomer after d istillation , i t  same fashion as a liquid added from  a dropping funnel. As the
was further purified by  preparative glpc using column C . dichlcrofluorom ethane was added, the color of th e  reaction

Solvent Study.— T h e apparatus and general experim ental m ixture turned from  yellow to orange to  brow n. T en  m inutes
procedure were the same as previously described. A 50-m l after all of the dichlorofluoromethane was added, 4  g (0 .025  m ol)
three-necked flask was substituted  for the 500-m l three-necked of trifluoroacetophenone was added. T h e  resulting m ixture was
flask, and all the reagents were placed in the flask. T h e reac- stirred overnight a t  room  tem perature, then  flash distilled into
tan ts were triphenylphosphine, sodium dichlorofluoroacetate, and a D ry  Ice  cooled receiver a t  a reduced pressure of 4  mm  (or
trifluoroacetophenone in a molar ratio  of 1 .5 :1 .5 :1 ,  respectively . lower if possible) and an oil-bath tem perature of 1 3 0 ° . Glpc
T h e ra te  of decarboxylation and the to ta l am ount of carbon analysis of the d istillate on column A showed a 3 1 %  yield of
dioxide evolved were obtained b y  collection of the liberated  CeH6C (C F 3) = C F C l .  W hen the am ount of solvent was in ­
carbon dioxide over w ater previously saturated  w ith carbon di- creased to  100 m l, and the am ounts of triphenylphosphine, potas-
oxide. sium  f-butoxide, and dichlorofluoromethane were doubled, the

Reaction of Triphenylphosphine, Sodium Dichlorofluoro- yield of C6H5C (C F 3)= C F C 1  was increased to  5 5 % .

fn r f  c o ; ^ i I en fT !thylmhn^ne n T7 glyr  mix' Acknowledgment.—This work was supported in partture consisting of 6 .4  g (0 .037  m ol) of sodium dichlorofluoro- u  ^  u r  x j  u u  c? • /n -\ n  i i o n n  j  ^  a
acetate , 9.8 g (0 .037  mol) of triphenylphosphine, and 3.1 g -Public Health. Service (GM 11809 and CA
(0 .037  mol) of tetramethylethylene in 20 ml of triglyme was 10745).
heated a t 70 ° until carbon dioxide evolution had ceased. F lash  mx-, t,„„ .* j  . i ui a , . ,, , , , , ,  , , .,. ,. .  , ,  . . . .  , . . .  L , , . (24) Reported for l-chlorofluorotetramethylcyclopropane, doublet at 5
distillation of the volatile m aterial into a D ry  Ice  cooled receiver, 1.13 ( J f .chs = 2.0 cps): R . A. Moss and R. Gerstl, Tetrahedron, 23, 2549 
followed by glpc analysis of the d istillate on column A showed (1967)
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M ethanesulfenyl Chloride. VI.
A Stereochem ical Study of Certain Organosulfur Reactions1

I rw in  B. D ouglass, R ichard V. N orton, Pau l  M . Cocanour,
D onald A. K oop, and M oh-L ia n  K ee

Department of Chemistry, University of Maine, Orono, Maine 04473 
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The reaction of methanesulfenyl chloride (I) with optically active 2-octanol or 2-butanol, and with the methyl 
xanthates, CH3SC(S)OR, or methanesulfinate esters, CH3S(0)0R, containing these optically active groups 
resulted in the formation of 2-octyl or 2-butyl chlorides of predominantly inverted configuration. The reaction 
of methylsulfur trichloride with the same optically active alcohols produced alkyl chlorides with a high degree 
of inversion. The alkyl chlorides formed when chlorine reacts with the 2-octyl or 2-butyl methanesulfinate 
esters showed a lower degree of inversion (greater racemization' than those formed in the other reaction. Evi­
dence is presented that in the reaction of I with sulfinate esters, RS(0)0R', electrophilic attack can occur at 
either the alkoxide or sulfoxide oxygen atoms or at the sulfur atom. When R' is methyl, reaction appears to 
occur chiefly at the alkoxide oxygen but as R' becomes more bulky attack at the alkoxide oxygen is inhibited 
and the predominant reaction is at the sulfur atom.

In previous papers from this laboratory we reported The alcoholysis of methylsulfur trichloride to produce 
that methyl chloride is formed when methanesulfenyl methanesulfinyl chloride and alkyl chlorides5 produced 
chloride, CH3SC1 (I), reacts with S-alkyl O-methyl- the latter with high degrees of inversion (2-butyl, 92%, 
xanthate2 or with methanol,3'4 when methylsulfur and 2-octyl, 61-73% ). Following the previously pro­
trichloride reacts with methanol,5 and when chlorine posed mechanistic pathway,7 eq 2 shows how this reac-
reacts with methyl methanesulfinate.6 I t  seemed of tion is believed to occur, 
interest to reexamine these reactions using optically
active 2-octanol and 2-butanol, and optically active Cl Cl CH3
compounds containing octyl and butyl groups, to de- + CH3CHOHR —  CH>S-0-C--H + HC1
termine if the results would shed light on the mecha- v
nism by which the alkyl halide is formed. (R = C,H5 orC6H13)

In most cases the reactions took place with predomi- IV
nant inversion of the optically active groups, suggesting f  ci r  "] +
typical nucleophilic displacement at carbon by chloride | y  3 Q ^
ion in the product-forming step. A higher degree of CH;iS—0 —C—H CF —>- CH3SC1 + H—C—Cl (2)
racemization in some cases can be explained in terms of I ^ r  4
inductive effects which weaken the carbon-oxygen v
bond and facilitate the separation of a carbonium ion.

The reaction of methanesulfenyl chloride (I) with The reaction of l  with S-methyl O-alkyl dithiocarbo- 
methanol was reported earlier to yield a complex mix- nates (xanthates) showed predominant inversion of the 
ture of six different organic compounds, the formation of alk j p but also gave some evidence for a solvent 
which has been explained by a sequence of reactions,4 effect The 3equence of reactions previously postu-
the correctness of which has been supported by addi- lated3 and supported in the present study, together
tional work in our laboratory. On the basis of the wdb the stereochemical explanation for the inversion (2-
previously postulated reaction steps and the myerted but j 66_81% ; and 2-octyl, 57 -89% ) is shown in eq 3.
configuration of the alkyl chlorides isolated (2-butyl,
89-95% , and 2-octyl, 55-72% ), the formation of alkyl r  __CH n +
chlorides in the reaction of I  with 2-butanol and 2-octa- | 3
nol appears chiefly to proceed as shown in eq 1. g Cib S CH3

CH"  CH3SC1+CH 3S — C— 0 — C—-H  — CH3S — C— 0 — C— H C F

H /  3 V  V
CH3SCI +  CH3COHR — ► CH3S — 0 — C - - H  +  HC1 R L R _

I (R = C2H5 or C6H13) RJ VI
/ I I  0  CH3

ch3s c i /  II \
/  CH3S— C— S— SCH3 + H --C — Cl ---------- (3)

sch3 ch3 ch3 ' 0  R
CH:;— S— 0— C— H CF —*• H— C— Cl + CH3S— SCH3 The degree of inversion appeared to be somewhat

V r 4  solvent dependent in the reaction of I  with methyl 2-
L jn (1 ) butylxanthate. When the reaction was carried out

__________  in carbon tetrachloride the 2-butyl chloride formed
(1) Taken from the M .S. and Ph.D. Theses of R . V. Norton, University

of Maine, 196S and 1967, and D. A. Koop, University of Maine, 1969 and (4) I. B . Douglass and D. A. Koop, M d„  27, 1398 (1962).
1962; M.S. Thesis of P. M. Cocanour, University of Maine, 1969. (5) I. B . Douglass and D. R . Poole, tbid., 22, 536 (1957).

(2) I. B . Douglass and W. J .  Evers, J .  Org. Chem., 29 , 419 (1964). (6) I. B . Douglass, ibid., 30, 633 (1965).
(3) I. B . Douglass, ibid., 24, 2004 (1959). (7> l - B - Douglass and R . V. Norton, ibid., 33, 2104 (1968).
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showed 6 6 -69%  inversion. In dioxane the inversion consumed in the reaction sequence. If attack  occurs 
was 8 0 -81% . These results suggest that dioxane, the
more polar solvent, has a stabilizing influence on the F SCH "| +
ionic intermediate VI retarding its tendency to disso- 0  o |
ciate into a carbonium ion and holding the ion intact CH3SC1 + CH,SOCH:, — ► CH3S 0  CH3, Cl ►
until the 2-butyl group is removed in an Sn2 type of lR-> L .
reaction. VI1

Dr. Harold Kw art, in a private communication, has 
suggested that the different degrees of inversion ob- CH gC1 + rCH sOChJ  CH3SC1>
tained in nonionizing and polar solvents may be due to |_ (R) J
different transition states resulting from the covalent IX
and ionic forms of intermediate V I (eq 3a). No such T o  1 chsci 0

CH;C1 + [CHaSSCH,] — ► CH:,SC1 +  CH3SSCH3 (4)

ssc h 3 '  s— sch3/ch3'  + (R) vm

CH—S—C—0—C—H =s=*= CH3S=C—0—C—H C f  at the sulfoxide oxygen, however, the reaction might 
I, ^  V take place as shown in eq 5 with 1 mol of methanesul-
C1 L R J  fonyl chloride (X I) being formed with simultaneous

covalent ionic consumption of 2 mol of I.

i I (3a) +
CH S— SCH3 I" SCH3

t H S S \  / \ l  , c K  .  +L  .  c h 3s o c h 3 c h 3s — o c h 3 c r  — +■ c h 3c i  +

rHS/ \  A K C H ^ V - S - O  (R) (R) (R) ■CH.S Cl R VII L x J
favored in nonionizing media favored in high dielectric media f  0  ~| CH SCI 0

CH3SOS— CH3 — ^  CH3SC1 + CH3SSCH3 (5)
u ~1 r\

solvent effect could be detected in the case of methyl
2-octylxanthate. Although the reaction was carried XI
out in dioxane, ether, chloroform, and carbon tetra-
chloride using different solvent volumes and molar ra-  ̂ electrophilic attack  by I occurred a t the sulfur 
tios of reactants, the variation in degree of inversion atom ’ the Products would be methyl methanethiolsul-
(50-89% ) showed no significant pattern and seemed to fonate as shown ln e(l 6 ’ When the ta c t io n  of I with
result from some unidentified and uncontrolled factor.

The reaction of I with alkyl methanesulfinates has ° orH +  rH <?n I r w w w T r r  , 
special interest. The formation of methyl methanesul- 3 ,R, 3 + CH3SOCH3 Cl
finate, CH 3S (0 )0 C H 3 (V II), was reported earlier4 to be VII g
part of the sequence of reactions taking place when I and j
methanol are brought together. In a previous paper4 |_ CH3
we reported that, when I and V II are caused to react in XII
the absence of other reagents, the products include 0
methyl chloride (26 mol % ), methyl disulfide (29 mol CH3SSCH3 + CH3C1 (6)
% ), methanesulfonyl chloride (17 mol % ), methane- 0
sulfinyl chloride (23 mol % ), and methyl methanethiol-

renr^ent'inff^3̂ tn ta ^ '3 i f  ^  products sulfinate esters was first studied3 it was anticipated that
r  , % - ,  0Ur electrophilic attack would occur primarily a t the sulfur.

w  “  “ • ref  .c ” !  The finding of a sulfonyl chloride instead of a thiolsul-m a n  addition complex. We are now convinced that c 4 ., , ,. ,
the “addition complex” may have several forms de- ’ T ’ U" reacitl0n occurred
pending on where in the sulfinate ester molecule the E r Q ')X” g®n a om' , , ,
initial attack by I occurs. In. the sPtudy. referred to adov1e.l we «S erv ed  that the

The sulfinate ester reaction of various esters with different sulfenyl chlo­
rides gave varying proportions of sulfinyl and sulfonyl 

. q . chlorides. One of us8 attempted, with only partial
' +' success because of the experimental problems involved,

CH3S—O—R to demonstrate the steric influence of R  and R ' groups
of different sizes in the reaction of I with esters R 'O - 

contains three types of unshared electron pairs, one S(? ) K  T able 1 J sh10WS *be results obtained. The 
type on the sulfur atom, another type on the sulfoxide ° n y concluslo,n whlch could be drawn was that wlth
oxygen atom, and a third type on the alkoxide oxygen. bulf y grouP® tbe,re was greater tendency for the reaction
Since I is an electrophilic reagent it may be expected to to J av° r ™ foi?yl chloride formation and, presumably, 
attack  the unshared pair most available. sulfoxide attack.

If attack  occurs on the alkoxide moiety, the reaction More recently we have found that nuclear magnetic 
would proceed as shown in eq 4 with 2 mol of methane- resonance (nmr) spectroscopy affords a convenient
sulfinyl chloride (V III) being formed as 3 mol of I are (8) D. A. Koop, Ph.D. Thesis, University of Maine, 1962.
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T able I CH3
r, 0  /  ci,
°  CH3SOC— H — *-

T he R eaction of CH3SC1 with Sulfinate E sters RSO R' 'y
(molar ratio of CH3SCl/ester = 2) ^

Mol of Molar ratio0 CH3 QR*
Mol of RSO 2CI RSOOR' of RSOiCI/ 0  /  _  Ssl |

R  R ' formed used R S (0 ) 0 R ' CHjS— 0 — C— ;H Cl * CH3S02C1 +  CH Cl
Me Me 0 .04 0.12 0 .3  C! V  I
Me E t 0.03 0.11 0 .3  L XIV J  L «  J
Me Pr 0.06 0 25 0 .2  / CH3
E t Me 0.04 0 .17 0 .2  \
E t E t 0 .05 0 .12 0 .4  X CH3S02C1 +  H— C— Cl (7)
E t Pr 0.08 0 17 0 .5  *
2-Pr E t 0 .07 0 11 0 6 K

2 Pr Pr 0 1 2  0 1 4  0 9 The relatively high degree of racemization suggests
° The ratios listed are equivalent to the per cent of the ester ^  t inductive ' {orces in the ionic intermediate X IV  

which reacts by attack at the sulfoxide oxygen. The results are . ... . . . , . . . . .
not entirely consistent with the more accurately determined facilitate the separation of a carbomum ion which, on 
values shown in Table II, partly as a result of the inherent dif- combining with chloride ion, formed racemized alkyl
ficulty of determining the sulfonyl chloride content in a mixture halide.
of disulfide, sulfinyl chloride, thiolsulfonate, alkyl halide, un- Without clearer evidence for the existence of the 
reacted ester, and spontaneous decomposition products of , , ■ , , • ,,methanesulfenyl chloride. postulated ionic intermediates which decompose in the

alkyl chloride-formmg steps, one is not justified in 
attempting a full explanation for the differences in 

means for identifying individual components of com- degree of inversion observed in the different reactions, 
plex mixtures of organosulfur compounds. The chem- I f  one compares the structures of I I I ,  V, X , and X IV , 
ical shift for CH3SOCl (V III) is a sharp singlet at 5 however, interesting structural differences appear.
3.37, that for CH3S 0 2 C1 (X I) is at 5 3.61, that for CH:r All the structures are alike except for different atoms
SO2SCH 3 is at S 3.28, and that for CH 3SO2SCH 3 is at or groups attached to the common sulfur atom of the
S 2.69 with no interference from other signals in the CH3-S -O -C  chain (III , SCH3; V, Cl; X , 0-SC H 3; X IV ,
mixtures studied. Table I I  shows the results obtained O and Cl). If  one assumes that these intermediates
when various alkyl methanesulfinates were treated with actually exist and react to form the alkyl halides, one is
I. The molar ratio of products formed was obtained tempted to compare their structures for indications of
by integrating the relative S responses of the different inductive forces which could account for carbonium
types of methyl groups in the nmr spectra of the crude i0n separation and racemization of the alkyl chloride,
reaction mixtures. The experimental results do not show any consistent

The nmr spectra used in obtaining the data for Table and outstanding differences in racemization of alkyl 
I I  clearly showed that CH 3S 0 2C1, CH3SOCl, and CH3- chlorides formed from I I I ,  V, and X . In  the case of
SO2SCH 3 are all formed. On the assumption that X IV , however, the presence of both oxygen and chlorine
the mechanisms outlined in eq 4, 5, and 6  are correct, atoms on the sulfur, each held by a semipolar bond,
the results indicate that electrophilic attack by I occurs leads one to expect an unusually strong inductive force
to varying degrees at all available electron pairs. As which might weaken the oxygen-carbon bond facili-
the group R  in the ester CH3S (0 )O R  becomes more tating carbonium ion separation. The high degree of
bulky, electrophilic attack at the alkoxide oxygen is racemization found in both the butyl chloride (44-
inhibited. The available data do not indicate what 46%  racemized) and octyl chloride (63-81%  race-
factors influence preferential attack at the sulfoxide mized) is consistent with this view,
oxygen or at the sulfur. We can offer no explanation
for the fact that in the case of the ethyl ester, attack t Experimental Section
the sulfoxide oxygen is greatly favored.

Other stereochemical effects were observed in the All boiling points are uncorrected. Micro analyses were per- 
reactions of I with 2-butyl methanesulfinate. In dupli- formed by the Schwartzkopf Microanaly tical Laboratory, Wood-

4. • 4- 4-u o w i -«rac fminrl side, N. Y* Optical rotations were determined in the early partcate experiments the 2-butyl chloride formed was found of study £y means of an antiquated Franz Schmidt and
to have 80%  inversion, a value lower than that obtained Haensch polarimeter using a 1-dm D. C. Rudolph and Son’s
when I reacts with 2-butanol. Although an examina- water-jacketed micropolarimeter cell at 25 ±  0.1°. In repeating
tion of eq 1 and 4 would suggest that the 2-butyl chlo- part of the 2-octyl work and in all of the 2-butyl study, a precision
ride produced in each should have the same degree of
rotation (intermediates II and IX are identical), it must ment between tne values obtained with the two instruments was 
be realized that the reaction of I with a sulfinate ester observed.
also involved eq 5 and 6 . The 2-butyl chloride isolated, The resolution of 2-octanol was accomplished using the proce- 
therefore, has been formed in three different ways and dure developed by Kenyon ° After fractional crystallization of
,, , 7 ■, , ,. . x pf i .  the brucine salt of 2-octyl hydrogen phthalate from acetone, the
the observed rotation IS a net effect. fractions were hydrolyzed and the recovered 2-octanol was

The reaction of sulfinate esters with chlorine pro- distilled. In this manner (S)-(+)-2-octanol having [<*]25d
duced alkyl halides significantly lower in their degree of +9.34 ± 0.18° (91% optical purity) and (fi)-(-)-2-octanol
inversion than any of the reactions described above, having [«]25d -9.21 ± 0.07° and M26d -9.42 ± 0.05° (90
54-56%  in the case of 2-butyl and 19-37%  in the case ----------------
of 2-octyl. The postulated course of the reaction is (9) H. Gilman and A. H. Blafct, Ed., “Organic Syntheses,” Coll. Vol. I,
shown in e(J 7. John Wiley & Sons, Inc., New York, N. Y ., 1932, p 418.
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T a b l e  II
R e a c t io n  o f  CH3SC1 w it h  A l k y l  M e t h a n e s u l f in a t e s , CH3S(0)0R 

(0.10 mol of ester, 0.02 mol of CH3SC1)
,.-----------------------------Products,0 mol %------------------------------• ----------------------- % of attack*’ by CHiSCl at *

Sulfinate ester CH.SOC1 CHsSCLCI CH jSOjSCH , Alkoxide oxygen Sulfoxide oxygen Sulfur sulfur
C H iS (0 )0 R  eq 4 eq 5 eq 6 eq 4 eq 5 eq 6

Methyl 58.1 13.9 28.0 41.0 19.6 39.4
63.5 13.5 23.0 46.5 19.8 33.7

Ethyl 42.5 36.0 21.8 26.8 45.5 27.7
42.7 34.8 22.5 27.3 44.1 28.6
40.5 38.1 21.4 25.3 47.8 26.9

2-Propyl 17.8 28.9 53.3 9.8 31.7 58.5
15.4 30.8 53.8 8.3 33.3 58.4

2-Butyl 6.5 35.0 58.5 3.4 36.2 60.4
5.7 34.1 60.2 2.9 35.1 62.0

2-Octyl 0 40.0 60.0 0 40.0 60.0
0 38.2 61.8 0 38.2 61.8

° The molar ratios of these three compounds were obtained by integrating the nmr spectra of crude reaction mixtures obtained on a 
Varían A-60 analytical spectrometer at ambient probe temperature. 6 Assuming that the moles of ester reacting at the alkoxide oxygen 
are equal to 0.5 of the moles of sulfinyl chloride formed (eq 4), at the sulfoxide oxygen are equal to the moles of sulfonyl chloride formed 
(eq 5), and at the sulfur atom are equal to the moles of thiolsulfonate formed (eq 6), the per cent reacting in each way can be calculated 
from the mole per cents of products as follows.

„  _ , 100 X mol % of (0.5CH3SOC1 or CH3S02C1 or CH3S02SCH3)
% attack -  mol % of (o.5CH3SOC1 + CH3S02C1 + CH3S02SCH3)

and 92% optical purity, respectively, based on a maximum rota- Anal. Caled for C6Hi2OS2: C, 43.87; H, 7.36; S, 39.03.
tion of [a]!5d ±10.3°)10 were obtained. Found: C.43.74; H, 7.55; S, 39.25.

The preparation of (>?)-( + )-2-butanol was carried out by the 0-(S)-(+ )-2-Octanol S-methyl dithiocarbonate, prepared from
procedure of Brown.1112 After purification by preparative gas 2-octanol of 91% optical purity (89% yield), boiled at 102°
chromatogaphy using a Varian Aerograph Model 700 Autoprep, (0.4 mm) and had n2Sd 1.5065, ef244 0.988, [«]“d —6.75.
2-butanol was obtained having [a]25D +11.24° (83% optically Anal. Caled for Ck>H2oOS2: C, 54.50; H, 9.15; S, 29.09.
pure) and [a] ®d 9.37° (69% optically pure) compared with [a] 26d Found: C, 55.04; H, 9.20; S, 29.24.
±13.51°.13 Neither of the two compounds showed any infrared absorption

Methanesulfenyl chloride3 and methylsulfur trichloride14 were in the carbonyl region and thus were free from any S,S-dialkyl 
prepared by methods previously described. Methanesulfinyl isomers.
chloride was prepared in 88% yield by the modification of pre- Reaction of I with Sulfinate Esters.—The reactions reported
vious methods recently described.7 in Table II were carried out by mixing 0.01 mol of the ester to be

(S)-2-Octyl methanesulfinate was prepared by allowing 2- tested with 0.02 mol of I in a test tube held at the temperature of
octanol (4.95 g, 0.038 mol, [a]“d +9.21 ± 0.07°) to react with solid carbon dioxide. Each mixture was then allowed to warm
freshly distilled methanesulfinyl chloride (4.36 g, 0.0043 mol) to room temperature and a small portion was diluted to a 10%
at —30° under an atmosphere of dry nitrogen. After a stirring concentration with spectral grade carbon tetrachloride containing
period of 1 hr at the reduced temperature the solution was allowed 1% of tetramethylsilane. The nmr spectra of the diluted samples
to stand at room temperature for several hours and then was were determined without delay. The spectra showed proton S
distilled through a 9-in. Vigreux column. The resulting ester, signals for the alkyl halides and methyl disulfide but these signals
obtained in 84% yield, boiled at 72° (0.75 mm) and had n26D did not interfere with those for the critical products: CH3SOCl,
1.4443 and [a]25r> —31.04 ± 0.37°. It was assumed to have the S 3.37 ppm; CH3S02C1, J 3.61 ppm; CH3S02SCH3, 8 3.28 ppm;
same optical purity as the 2-oetanol used (90%). CH3S02SCH3, 5 2.69 ppm.

Anal. Caled for C9H20O2S: C, 56.29; H, 10.50; S, 16.70. Procedure for Obtaining Optically Active Alkyl Chlorides 
Found: C, 56.48; H, 10.50; S, 16.21. (Table III).—In carrying out reactions with I, the optically active

(S)-( + )-2-Butyl methanesulfinate was prepared in an analo- compound was placed in a three-necked 25-ml flask equipped with
gous manner. Starting with 0.1 mol each of alcohol and sulfinyl a Teflon stirrer assembly, a nitrogen-flushing system, and a
chloride the product was obtained in 74% yield, boiled at 56° septum adapter. After cooling of the stirring liquid to —20° or
(11 mm), and had ra25D 1.4214 and [a]25n +17.87. lower, freshly prepared I was added in one portion through the

Anal. Caled for C5Hi202S: C, 43.19; H, 8.70; S, 23.06. septum adapter and the mixture was stirred for 15 min.
Found: C, 43.54; H, 8.71; S, 23.33. The reactions with methylsulfur trichloride were carried out

The S-methyl O-alkyl xanthates were prepared by adding by slowly adding the alcohols to well-stirred slurries of freshly
sodium hydride (10.00 g, 0.262 mol) to a solution of the optically prepared methylsulfur trichloride in 25 ml of methylene chloride
active alcohol (0.23 mol) in 50 ml of anhydrous ether contained at approximately —30°. After the solid disappeared the reaction
in a three-neck flask equipped with stirrer, reflux condenser, and mixture was kept at 0° for several hours.
nitrogen-flushing system at such a rate as to maintain boiling. In the chorination experiments the optically active sulfinate
After 1 hr, carbon disulfide (35.2 g, 0.25 mol) was added at such esters were treated with chlorine at — 50 ° in the absence of solvent
a rate that the reaction could be controlled and stirring was under a nitrogen atmosphere.
continued an additional hour. Methyl iodide (35.2 g , 0.25 mol) The 2-octyl chloride samples were isolated by chromatograph-
was then cautiously added and gentle refluxing continued for ing the crude reaction mixtures on a column of Mallinckrodt 250
10 hr, following which the mixture was added to 50 ml of water. mesh silica gel with hexane as the initial developer, using 50 g
Separation of the ethereal layer, drying, and distillation at re- of adsorbent per 1.5 g of reaction mixture. The 2-octyl chloride
duced pressure yielded the following product: 0-(S)-(+ )-2- was eluted in the first 100 ml of hexane. After removal of the
butyl S-methyl dithiocarbonate, prepared from 2-butanol of solvent, the residual 2-octyl chloride was identified by comparing
83% optical purity (81% yield), boiled at 78° (11 mm) and had its ir and pmr spectra with those of authentic samples. 
ji25d 1.5124 and [a]251) +5.6. The 2-butyl chloride was recovered by heating the crude re-

.. „ ,, r _. ., . . . „ „ action mixtures, with continued stirring to 75°, while flushing
(10) N. Kornblum, L. Fishbem, and R . A. Smiley, J .  Amer. Chem. Soc., „ ■, .. , , ,  V- n , , ,  - ,

77 6261 (1955) with a stream of dry nitrogen and collecting all volatile material
(11) H. c’ Brown and G. Zweifel, ibid., 83, 486 (1961). driven off in a liquid nitrogen trap. After the volatile product
(12) H, c. Brown, in Org. React. 13, (1963). was washed with water, and dried, the 2-butyl chloride was
(13) P. J . Leroux and H. S. Lucas, J .  Amer. Chem. Soc., 73, 41 (1951). isolated by preparative gas chromatography using a Varian­
ts) I. B . Douglass, K. R. Brower, and F. T . Martin, ibid., 74, 5770 (1952). Aerograph Model 700 Autoprep with 20 ft X Vs in. stainless steel
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T a b l e  III
S t e r ic  C o u r s e  o f  V a r io u s  O r g a n o s u l f u ii  R e a c t io n s

Molar ratio, % yield,
% optical reagent/ alkyl % optical %

Optically active reagent purity Reactant reactant chloride purity inversion

S-Methyl O-0S)-(+)-2-
octylxanthate 91 CH3SC1 1 : 1  51 63 69

S-Methyl O-0SH+)-2-
octylxanthate 81 CH3SC1 4:3 26 46 57

(£)-(-)-2-Octanol 92 CIRSCl 1:2 20 51 55
(S)-(+)-2-Octanol 91 CHsSCI 5:4 17 6 6  72
(R) -(-)-2-Octanol 92 CH3SCI3 1 : 1  26 67 73
($)-(+ )-2 -Octanol 91 CH3SCI3 1 : 1  31 55 61
(SM+)-2 -Octyl

methanesulfinate (RS) 91 Cl2 1:1.3 56 17 19
(«)-(—)-2-Octyl

methanesulfinate (RS) 90 Cl2 1:1.2 43 33 37
S-Methyl 0-(/S)-(+ )-2-

butylxanthate (6  g, CH3SCI in 10
10 ml of CCU) 82.2 mlofCCl, 2:3 40 54 6 6

S-Methyl 0-(S)-(+)-2-
butylxanthate (6  g, CH3SCI in 10
10 ml of CCh) 82.2 mlofCCl, 2:3 35 56 69

S-Methyl 0-(S)-( + )-2-
butylxanthate (6  g, CH3SCI in 10
10 ml of dioxane) 82.2 ml of dioxane 2:3 20 67 81

S-Methyl 0-(/S)-(+)-2-
butylxanthate (6  g, CH3SCI in 10
10 ml of dioxane) 82.2 ml of dioxane 2:3 20 6 6  80

(S) -( + )-2 -Butanol 6 8 . 0  CH3SCI 1:3 32 60 89
(iS)-(+ )-2-Butanol 82.2 CH3SCI 1:3 78 95
(«)-(+)-2-Butyl

methanesulfinate (RS) 6 8  CH3SCI 1:1 2 54 80
(S)-(+)-2-Butyl

methanesulfinate (RS) 6 8  CH3SCI 1:1 5 54 80
(zS)-( + )-2 -Butanol 6 8  CH3SCI3 3:4 9 62 92
(iS)-(-(- )-2-Butanol 6 8  CH,SC13 3:4 48 63 92
(«)-( + )-2-Butyl

methanesulfinate (RS) 6 8  Cl2 1:1 38 56
(S)-(+)-2-Butyl

methanesulfinate (RS) 6 8  Cl2 1:1 37 54

column packed with 30% SE-30 on Chromosorb P and operated The optical purity of the alcohols used as starting materials was
at 130° with a helium carrier flow rate of 150 ml/min. The exit determined by dividing their observed specific rotations by the
tip was modified by fastening to it a hypodermic needle which values for optically pure material given above. The xanthate
was inserted through the septum of a sealed trap cooled in liquid and methanesulfinate intermediates were assumed to have the
nitrogen. This arrangement made it possible to collect the low- same optical purity as the alcohols from which they were pre­
boiling 2-butyl chloride with minimal loss. pared. It was also assumed that the optical purity of the original

The stoichiometry of the various reactions has been discussed alcohol set an upper limit on the optical purity of the alkyl chlo- 
previously2-4'6 and all expected products were identified in the ride produced. Thus, multiplication of the specific rotation of
present study. Because of the problems involved in recovering optically pure 2-butyl or 2-octyl chloride by the fractional purity
pure alkyl chlorides for polarometric analysis, the yield data re- of the alcohol from which it was derived gave a maximum specific
ported in Table III represent only the pure material isolated rotation which the chloride might have. The degree of inversion
rather than the maximum amount formed in the reaction. In was then determined as the ratio of the observed rotation to the
some cases when enough alkyl chloride had been separated to calculated theoretical maximum value,
determine the optical rotation no further attempt was made to
isolate additional product. Registry No.— I, 5813-48-9; (£)-2-octyl methanesul-

Determining the Degree of Inversion. Values for the optically 24694-99-3; (S )-(+ )-2 -b u ty l methanesulfinate,
pure reference compounds used m this study were as follows: „ ’ ; /. V  /  , , " . . .  .... .
2 -butanol, [al®d 13.51 ° ; 13 2 -octanol, M26d 1 0 .3 ° ; 10 2 -butyl 24694-94-8; 0 -(S )-(+ )-2 -b u ty l  S-methyl dithiocar-
chloride, [a]26D 33.8°16; and 2-octyl chloride, [apn 41.2°, the bonate, 24694-95-9; 0 -(/S )-(+ )-2-o ctan ol S-methyl
latter obtained by extrapolating data reported by Gerrard and dithiocarbonate, 24694-96-0; (/?)-( — )-2-OCtanol, 5978-
Hudson.16 This value for 2-octyl chlcride is somewhat lower than ?(M (¿[).(+ )-2-octan ol, 6169-06-8; (/S)-(+)-2-OCtyl,
the average of values which could be obtained by extrapolating J  m , an o . /m / \ o ™f,rl
more recent data,» but there is sufficient uncertainty in the actual methanesulfinate, 24694-99-3 ; ( R ) - ( - )-2-OCtyl meth- 
value to make the difference insignificant. anesulfmate, 24695-00-9 ; S-methyl (J-(o)-(+)-2-butyl-
__________  xanthate, 24694-95-9; (S)-(-f-)-2-butanol, 4221-99-2;

chlorine, 7782-50-5; CH3SC13, 661-38-1.
(15) R . L. Letsinger, L. G. Maury, and R . L. Burwell, Jr .,  J .  Amer. Chem.

Soc., 73, 2373 (1951).
(16) w. Gerrard and H. r . Hudson, j . chem . Soc., 1059 ii963). Acknowledgment.— The early phase o i  this study was
(1 7 ) w. Gerrard and h . r . Hudson, iòta’., 2310 (1964); h . Brauns, Ree. sunnorted by a grant from the Petroleum Research

Trav. Chim. Pays-Bas, 65, 799 (1946); H. M. R . Hoffman. J .  Chem. Soc., 11 , . r ,  , , . ,  ,  •
1249 (1964). Fund admimstered by the American Chemical ¡society,
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In the reaction of phenyl isocyanate with phenylacetylene in the presence of Fe(CO)s, 4-benzylidene-l,3- 
diphenylhydantoin (la) was obtained in 85% yield by the addition reaction and hydrogen shift. Oxidation of 
la gave diphenylparabanic acid. The hydrogen transfer of acetylenic hydrogen was identified with phenyl- 
acetylene-l-d. The reaction of diphenylcarbodiimide with phenylacetylene in the presence of FefCOh gave
4- benzylidene-l,3-diphenyl-2,5-bis(phenylimino)imidazolidine and 4-benzylidene-l,3-diphenyl-2-phenylimino- 
imidazolidin-5-one in 78 and 17% yields, respectively. l,3,4-Triphenylpyrroline-2,5-dione and 1,3,4-triphenyl-
5- phenyliminopyrrolin-2-one were obtained in 42 and 15% yields, respectively, in the reaction using phenyl 
isocyanate, diphenylacetylene, and Fe(CO)5. In this reaction, hydantoin and imidazolidine were not obtained.
Reaction mechanisms are discussed.

Cycloaddition reactions of heterocumulenes to ole- of iron pentacarbonyl at 150-160°, 4-benzylidene-l,3- 
fins have been investigated in detail for a long time.1 diphenylhydantoin (la) was obtained in 85%  yield. 
On the other hand, the reaction between heterocumu- This product seemed to be formed with 2 mol of phenyl 
lene and acetylenic compound has been dealt with in a isocyanate and 1 mol of phenylacetylene by an addition
few papers,2-6 but there is no information regarding a reaction and hydrogen shift. The structure of la
reaction between isocyanate (or carbodiimide) and was confirmed by ir, nmr, and mass spectra, and
phenylacetylenes without the reaction between metal furthermore, by oxidation of la  which gave diphenyl-
phenylacetylide and aryl isocyanates.6-8 I t  was recog- parabanic acid (2) and benzoic acid, 
nized in our preliminary experiments that isocyanates
and carbodiimides were unreactive to acetylenic com- 2Ph— NCO + PhC^CH
pounds without a catalyst.

I t  is well known that acetylenic compounds9 and j3*1 ? h
heterocumulenes10-14 form numerous organometallic N—C = 0 h  c—0
complexes with metal carbonyls. Consequently, we phCH=C/ I KMn0q q= q'  | + PhCOOH
can expect some reaction between heterocumulenes, 'c—N_Ph 'c_N__Ph
such as isocyanates or carbodiimides, and acetylenic || ||
compounds in the presence of metal carbonyls via 0  0
metal complex intermediate formation. la 2

In  this paper, reactions of isocyanates and carbodi-
imides with acetylenic compounds in the presence of dT.e ir spectrum of la  in a Nujol mull indicated peaks 
iron carbonyls are studied and some interesting results a  ̂ ^75, 1725, and 1650 cm h The former two peaks
are obtained. were assigned to C = 0  stretching vibration of -C O -

N R -C O - group in a five-membered ring and the latter 
Results and Discussion to a C = C  stretching vibration. In  the mass spectrum

Reactions with Phenylacetylene.—In the reaction of V  la ’ the molecular ion was found at m /e  340 (calcd for
phenyl isocyanate with phenylacetylene in the presence C2 2H 1 6 N 2O2 . 340), and the major fragment was found

a t  1 9 3  w h i c h  c o r r e s p o n d e d  t o  P h C H = C = N P h  r e -

(1) H .  U W c h , ' ‘ C y c lo a d d it io n  R e a c tio n s  o f H e te r o c u m u le n e s ,”  A c a d e m ic  suiting from la  by losing the -C O -N R -C O - g T O U p
P r e s s  I n c . ,  N e w  Y o r k ,  N .  Y . ,  1 9 6 7 , p p  4 5 , 1 3 5 . ,  .  J  b  6  U

(2) C .  K a is e r ,  B .  M .  T r o s t ,  J . B e e s o n , a n d  J. W e in s to c k ,  J .  Org. Chem., 3 0 , (Calcd for C i 4H u JN : 1 9 3 ) .  ih e  pattern of fragmenta-
3 9 7 2  ( 1 9 6 5 ) .  tion well explained the structure of la.

S  I S . — A .  t T S Z S t S f S & U * ... . . .  ,  The * * » W »  «• M  b tm  prepared through dif-
( 1 9 5 7 ) .  ferent processes,6 8 and fair agreements between the

S  ? ®3: „ observed and reported values were obtained by melt-
(6) C .  W .  B ir d , J .  Chem. Soc., 5 7 6 2  ( 1 9 6 5 ) .  • . , ,  . .  J
(7) a . g. D a v i e s  a n d  r . j .  P u d d e p h a t t ,  j . chem . Soc., c ,  3 1 7  ( 1 9 6 8 ) .  111 p o i n t  a n d  i r ,  n m r ,  a n d  m a s s  s p e c t r a .

(8) w. p. Neumann and f. g. Kleiner, Justus LieMgs Ann. chem .,  7 i® , The hydrogen transfer of the acetylenic hydrogen
2 9 (9 )9 L  V e n d e r  a n d  P .  P in o , " O r g a n ic  S y n th e s e s  pin M e t a l  C a r b o n y l s ,"  ^  P h e n y l a c e t y l e n e  W a S  i d e n t i f i e d  b y  t h e  f o l l o w i n g  r e -

v o i .  i ,  in te r s c ie n c e  P u b lis h e r s , i n c . ,  N e w  Y o r k ,  n . y „  19 6 8 , p  2 7 3 . s u i t s .  I h e  r e a c t i o n  u s i n g  p h e n y l a c e t y l e n e -  1 - f f l  i n

(10 ) r . b . K in g  a n d  m . b . B in s n e t te ,  inorg. chem .,  5 , 3 0 6  ( 1 9 6 6 ). p l a c e  o f  p h e n y l a c e t y l e n e  g a v e  4 - ( b e n z y l i d e n e - o : - a 0 -
( 1 1 )  T .  A .  M a n u e l,  ibid., S , 1 7 0 3  ( 1 9 6 4 ) . 1  o  j -  r , , ,  j  , . ,  . . .  „ n f w  . m i i l
( 1 2 ) H . U lr ic h , B .  T u c k e r ,  a n d  a . a . r . S a y ig h ,  Tetrahedron Lett., 1 7 3 1  1,3-diphenylhydantom (1 a) m 6 0 %  yield. The melt-

( 1 9 6 7 ) .  mg point of l a was identical with that of hydantoin
s s o V g e i ) 0 * 8111^ '  ' N a k a m u r a ’ a n d  ■ Yoshida> . O rgan om eta i..ch em .7, la , 2 0 0 ° ;  the mixture melting point of the hydantoin

' (1 4 ) S. O t s u k a ,  T .  Y o s h id a ,  a n d  A .  N a k a m u r a ,  Inorg. Chem., 7 ,  8 1 3 3  1 &  a I l d  W a S  n o t  depressed. The ir Spectrum of the
0 0 6 8 ). hydantoin l 'a  was identical with that of hydantoin la
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T a b l e  I . — R e a c t io n  o f  P h e n y l  I s o c y a n a t e  w it h  P h e n y l a c e t y l e n e

-------------------------- ----------------- Yield, % ------------------------------------------- - ,
Expt - Reactant, mol----------------. Temp, Time, Hydantoin Complex Iaocyanu- Urea Adduct
no. PhNCO P h C sC H  Fe(CO)s Solvent °C hr l a “ 8s rate 4 5* 6“'* PhC = CHc

1" 0.05 0.025 0.025 160 1.5 85 Trace Trace
2e 0.025 0.025 0.025 180 4 68 7 7 8 5
3* 0.1 0.05 0.05 THF 67 6 33 Trace 20 34 Trace 50
4“ 0.06 0.03 /  THF 67 6 11 4 69 16
51* 0.05 0.025 g 180 6.5 41 24 15 40
“Based on PhNCO. 6 Based on PhCE=CH. = Unreacted. <* PhC=CH was added to the mixture of PhNCO and Fe(CO)5. 

6 PhNCO was added to the mixture of PhC=CH and Fe(CO)6. ’ Fe3(CO)i2 (0.01 mol) was used in place of Fe(CO)5. « Cu-C=CPh 
(5 wt %) was used in place of Fe(CC')5. * 5 is N,N'-diphenylurea. ; 6 is the 3:1 adduct of PhNCO and PhC=CH.

except for the absorption band of the C -D  bond; the 1750 (C = 0 ) ,  1660 (C = N ), and 1635 cm - 1  (C = C ). 
peak of C -D  in-plane deformation of the hydantoin The mass spectrum showed the fragment at 208; this
l ' a  appeared at 1250 cm“ 1, compared with the peak corresponded to (PhN)2 C = N P h  minus Ph for 8 a .

of the hydantoin l a  (1280 cm - 1  for C -H ). The mass Consequently, the structure of the product was iden- 
spectrum of the hydantoin 1 ' a  showed the molecular tified as 8 a .  

ion at 341 (calcd for C2 2H 1 5 DN 2O2 : 341) and the major
fragment corresponding to P h C D = C = N P h  at 194 2 P h N = C = N P h  + P h C = C H
(calcd for Ci 4H10DN : 194). |Fe(C0(i

The results of the reaction of phenyl isocyanate and i
phenylacetylene with and without iron pentacarbonyl P h  Ph

at several conditions are summarized in Table I. __ p h  N — C = N  Ph

In the case of addition of phenyl isocyanate to the PhCH__o f  I PhC H __C/ I
mixture of phenylacetylene and iron pentacarbonyl, the \ I + \ I
yield of the hydantoin l a  was relatively poor because of | N C — N — P h

formation of stable iron complexes, i.e., 2,5-diphenyl- N— P h  0

cyclopentadienoneiron tricarbonyl ( 3 ) .  When the 7  ga
same reaction was carried out in tetrahydrofuran, tri­
phenyl isocyanurate (4) was the major product and the
yield of the hydantoin l a  was decreased. ¿ _ N__ph

7,8a ^  la PhCH=c( |
V N — C = 0

Ph. c  /Ph I
P h  X N/ k N/  P h

C==. I / ,  8b
0 = c (  /Fe(CO)3 VNX ^ 0

k  I t  seemed that the imidazolidine 8 a  was formed from
phenyl isocyanate, diphenylcarbodiimide, and phenyl- 

3  4  acetylene. Hence the equimolecular reaction of phe-
. . .. , , , . . . nyl isocyanate, diphenylcarbodiimide, phenylacetylene,

The reaction using triiron dodecacarbonyl in place and jr(m pentacarbonyl was carried out at l 9 0 ° for
of iron pentacarbonyl gave the hydantoin l a  in poor g hr Howeverj the imidazolidine 8 a  was not obtained,
yle, . . , . , . ,. and the hydantoin l a ,  the imidazolidine 7 ,  and 5-benzyl-

A similar reaction was observed by using 5%  (by idene-2,3,4,5-tetrahydro-3-phenyl-lH -l-ben zo d iaze- 
weight) copper phenylacetyhde in place of iron car- i n e . 2  4.dione ( n )  were obtained in 82, 67, and 1 2 %
bonyls; however, the 3 : 1  adduct 6  of phenyl isocyanate yieidS) respectively.
and phenylacetylene was obtained in 15% yield. We rpPe reaction mechanism was assumed as shown
could not clarify the structure of the adduct 6 . jn gcbeme j

The results of the reaction using several isocyanates seemed that the hydrido carbonyl acetylide com­
are shown in Table I I . There was no significant dif- p|ex piayed an important role as an intermediate in
ference in the reaction using phenyl isocyanate, n- ^  formation of the hydantoins l a - f  and the imidazoli-
Butyl isocyanate was less reactive and easily formed dine 7  The «doubly b o n d e d "  acetylene complex
isocyanurate in 80%  yield. 12 was probably formed at first, and the complex 12

The reaction of diphenylcarbodiimide (2 mol) with chan d readily to tbe acetylide complex 13 owing to
phenylacetylene (1 mol) in the p re se n ce ^  iron penta- ^  polarization of the C -H  bond of the acetylenic
carbonyl (1 mol) was carried out at 180 for 5 hr, and g r o u p . A similar conversion has previously been pro-
4-benzylidene-l,3-diphenyl-2,5-bis(phenylimino)imida- d by Meriwether1« and Collman.16 Acetylene-
zolidine (7) and 4-benzylidene-l,3-diphenyl-2-p eny - jron carbonyl complexes such as 12 had been isolated17 
iminoimidazolidin-5-one (8a) were obtainec in 78 and and termed “doubly a  bonded.” 16 
17%  yields, respectively. The imidazolidines 7 and In the secord step> r _ n C X  was inserted into the 
8a were hydrolyzed quantitatively to the hydantoin c _F e bond of the complex 13; and the complex 14 was 
la. The structure of the imidazolidine 7 was identi­
fied by ir and mass spectra and elemental analysis.  ̂ <45> ^ s . Meriwether,^ f . Leto, e . c. coithup, and g. w . Kennedy,
For the structure of the imidazolidinone, two forms, (16) J .  P . ¿oilm an and J .  W. Kang, J .  Amer. Chem. Soc., 89, 844 (1967).
8 a  and 8 b ,  were proposed from the infrared spectrum, (17) Reference 9, ?p 277, 284.
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„ S c h e m e  I
^ o i o c o c M ^ H i c o ^ N "  r ph “

OOCDhONGiHOTiitO20 |
j—I rH |

< X
^ PhC=CH + Fe(CO)5 —  || ">e(CO)„

NCOHTifNOJOlOtDO'0
q rfCO>O^CCMCiOr}iiO^ |

Lhrt<c<i»cr^i>co(Mt>i>oo^
c i o o n w n o o h c o ^ 0 5 ^  12

^ N-fOOHlOHCOHHCOt'  1NcDNOCNNGOCCGOOCf'

_ ~Fh—c = c —c=x"l r Hr c o i o o o i o c o < Mr - H F H o $ s  I I. NCOCDCOOJCO^HMO^ I R_fj(̂ Y I
H—Fe—N—R -<------ - PhC=C—Fe(CO)„

£  S  ^  I L  J

| g _  L (C0)„ J  13
\ A  /  4 l i wS n 8 S 8 S 8 8 8 S  14

K - ¿  ¿ = u {  .a  f  R~ NCX\___ / \  -c  T
7s~^\ W S  W c O ^ O O N T f ^ r t N «  r  „  -l/ (  )\ C tOiONOOOlOlNffllNa® X
------7  i  II R'----' w N to N CO N N 00 00 «  00 t- I

V'lSr bNj'' N-C=X
e i . / k c o ) , ,  PhCH= <  |

1 s\ f  s  f  * > > > > > : - * * * §  I > H |£  b _ o  o f g q q q q q q ^ o q q q  | X
§ II J  ¿ W K W W K K W W W W «  L Ph J  la-e, X - 0
h 1 1 /  "i d d d o d d o d d d o  15 7, x = N—Ph0 p - o  £;
a  J  J ,  £  T'
z °< ^  | formed consequently. The insertion of an additional
2 ( S S S S S S m S S ® ^  §  R -N C X  into the complex 14 led to the complex 15.
h ^ S S S i S S S S S i S S S w  The complex 15 was converted into the hydantoins
Q y, la -f  and the imidazolidine 7 by hydrogen transfer and
1 £  g  |  ring closure.

 ̂ I r- . * 2  o  jo s  The reaction mechanism as shown above was sup-
3 | T tc | S’ § 2  2  £  ported by the result of the reaction between phenyl iso-
| o ------£  c y  2  a  cyanate and phenylacetylene with copper phenylacetyl-
» £ __J ,  ¿ = x  S  ?  i^e catalyst, in which the hydantoin la  was obtained
*  \ N  | Sn ° c5 ° 2 2  2  2 .  in high yield. There are several reports for the reac-
Y ^  tion between metal phenylacetylide (metal: Na,6
q  /  \  w £ J2 g  g" g  g~ o' 5 g ' n  g" PbEts,7 SnE t38) and aryl isocyanate (Ar =  phenyl,
h ph ® 2  2  2  2  2  2  a-naphthyl) resulting in the formation of the hydan-
3 7  toin la .
^  t- The reaction path to the imidazolidine 8a could not

p 2  §  5o So 2  J  be clarified from the results of this experiment,
o  #  2  2  2  i  S  J  Reactions with Diphenylacetylene.—In the reaction
II | 7 ^  ^ 2 2 f J  °  using diphenylacetylene in place of phenylacetylene,

Y  j  32 I  the 2 :1  adduct with phenyl isocyanate or diphenylcar-
w— ^ o = o  .5 _• 2  bodiimide, corresponding to the hydantoin 1 or the

Y | imidazolidine 7, was not obtained. 1,3,4-Triphenyl-
o  ^  ’I  pyrroline-2,5-dione (9) and l,3,4-triphenyl-5-phenyl-

g  W >. iminopyrrolin-2-one (10) were obtained in 42 and 15%
f> « yields, respectively, in the reaction using 2 mol of
Ja phenyl isocyanate, 1 mol of diphenylacetylene, and 1

_  £ _  g  2 — ”  mol of iron pentacarbonyl at 175° for 4 hr. The re-
a | ' 3  7  suits are shown in Table II.

|
Ph i  i  8 O  S  •§

co 2Ph—NCO + PhC=CPh + Fe(CO) —»CO °
 ̂ ^ ^ ii PhC=CPh PhC==CPh

1 0=('a n/C = 0 + P h -N = C ^ C = 0
!  l l

1 « ^ u ■« a, ^ ^  Ph Ph9 H H H H H H N O O a O H ^  Q in° H H R */ IU
o  u

Ph—'NCN—Ph + PhC=CPh + Fe(CO)5 —> 10
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These products were formed by CO insertion and added dropwise to the mixture, and stirring was continued for
their structures were confirmed by ir and mass spectra 1-5 hr at 150-160°. After removal of carbon monoxide, the re-
and elemental analysis. It could be presumed that the action mixture was extracted (benzene) and crystallized (benzene)
pyrroline 10 may be constructed with diphenylacetyl- ma?oVgraphed (ben°e2
ene, carbon monoxide, and diphenylcarbodnmide which hydantoin la (white crystals): mp 2 0 0 ° (lit.7 1 9 3 - 1 9 4 °);
was produced in  situ from phenyl isocyanate under the nmr (CC14) 5 7.65-6.70 (all protons); ir (Nujol mull) 1775 and
catalysis of iron pentacarbonyl.12 The pyrroline 10 1650 crnl (<-:=C); mass spectrum (70 eV) m/e
was also obtained in 45%  yield in the equimolecular T[9  etmimole  ̂darHrra^tTNPf ' h i ■, , . ... . . i H , , , lhe equimolecular reaction of phenyl isocyanate and phenyl-
reaction using diphenylcarbodnmide, diphenylacetylene, acetylene was carried out in a similar manner (tride supra).
and iron pentacarbonyl at 185° for 2 hr. The The products were chromatographed with benzene (fractions
pyrroline 10 was hydrolyzed quantitatively to the pyr- 1_3), benzene-ethyl ether (1:1) (fraction 4), and ethyl ether-
roline 9 by acid. ethanol (1:1) (fraction 5). From the first fraction, 0.3 g of

rpi , ,, >r-2,5-diphenylcyclopentadieneiron tricarbonyl (3) was obtained
The reaction mechanism to produce the pyrrohnes and reCrystallized (benzene-ethanol), mp 222° dec; the melting

9 and 10 was assumed to proceed as shown in Scheme point of the mixture of compound 3 and the authentic sample22
II. was not depressed. From the second fraction, 2.9 g of the hy­

dantoin la was obtained. From the third fraction, 0.2 g of 
Scheme II triphenyl isocyanurate (4) was obtained and recrystallized (ben-

■p, q -| zene), mp 294° no depression of melting point was observed for
pur=ppu -u p rorp y \ ,  the mixture with the authentic sample.23 From the fourth

UPh + he(CO)5 *• || -.Fe(C<J)„ fraction, 0.2 g of adduct 6 (white crystals) was isolated and re-
_Ph—C J crystallized (benzene): mp 165°; ir (Nujol mull) 1775 and 1730

cm-1 (C=0); mass spectrum (70 eV) m/e 459 (M+), 368 (M —
1 N-C6H6), 340 (M -  C6H6NCO), 249 (M -  C6H5NCONC6H6).
|phNCX Anal. Calcd for C29H21N3O3: C, 75.80; H, 4.61; N, 9.15.
+ Found: C, 75.50; H, 4.49; N, 9.05.
Ph 1 From the fifth fraction, 0.2 g of N,N'-diphenylurea (5) was

p, r ___r | obtained and recrystallized (ethanol), mp 239°; no depression
F I j c  of melting point was observed for the mixture with the authentic

X = C _ ^ C = 0  (CO insertion) Ph~ 9  Sample.24
N " X=C / /reK'U" 4-Benzylidene 1,3-Disubstituted Hydantoins (lb-f).—Re-
I actions between isocyanate (0.05 mol), iron pentacarbonyl
™ | (0.025 mol), and phenylacetylene (0.025 mol) were carried out

9, X=0 L ph J  at 150-180° for 3 hr in a similar manner (vide supra). Isocyanates
10, X = N—Ph 17 used were o-chlorophenyl, o-tolyl, a-naphthyl, cyclohexyl, and

n-butyl isocyanates. After similar treatments, the following 
products were obtained by recrystallization or distillation 

I he doubly <r-bonded acetylene complex 16 was (Table II). 
initially formed and was easily added to P h-N C X  across 4-Benzylidene- 1,3-di-o-chlorophenylhydantoin (lb): white
the N = C  bond to form the complex 17. The complex crystals; mp 147.5°; mass spectrum (70 eV) m/e 192 (C6H<N=
17 was converted to the pyrrolines 9 and 10 by inser- (mT-HC1 h 408 Ind 4 ̂ 2j)M(9)C6H4N=C=CHPh} ’ 373 and 375
tion of CO. 4-Benzylidene-l,3-di-o-tolylhydantoin (lc): white crystals;

mp 221°; mass spectrum 368 (M+), 291 (M — C6H5), 277 (M — 
Experimental Section C7H7), 207 (C6H5CH=C=NC6H4CH3).

4-Benzylidene-1,3-di-a-naphthylhydantoin (Id): white crys- 
All melting points were determined on Yanagimoto micro tals; mp 259-260° (lit.7 254-256°); mass spectrum 440 (M+), 

melting point apparatus and are ur.corrected. 363 (M -  C6H6), 243 (C6H6CH=C=NCi0H7).
Infrared spectra were taken with a Jasco IR-E spectrometer. 4-Benzylidene-l,3-dicyclohexylhydantoin (le): orange oil;

Proton magnetic resonance spectra were taker, with a Joel bp 180° (3 mm); mass spectrum 352 (M+), 270 (M -  C6Hi0), 
LNM-3H-60 spectrometer in CC14 with TMS as the internal stan- 199 (C6HsCH=C=NC6Hii), 188 (M — 2C6Hi0). 
dard. Mass spectra were taken with a Hitachi RMU-6E 4-Benzylidene-l,3-di-n-butylhydantoin (If): orange oil;
spectrometer. bp 148° (0.3 mm); mass spectrum 300 (M+), 243 (M -  C4H9),

All reactions were carried out under a nitrogen atmosphere in 186 (M -  2C4H9), 173 (C6H6CH=C=NC4H9). In the reaction
a 50-ml four-necked flask equipped with a mechanical stirrer, of n-butyl isocyanate, 4.0 g of tri-re-butyl isocyanurate was
reflux condenser, dropping funnel, and nitrogen inlet. Chro- obtained as a by-product in 80% yield, ir 1690 cm“1 (C=0); the
matographic separations were carried out using activated alumina ir spectrum was identical with that of the authentic sample,
columns. 4-Benzylidene-1,3-diphenyl-2,5-bis (phenylimino )imidazolidine

Materials.—Phenyl isocyanate, re-butyl isocyanate, a-naph- (7) and 4-Benzylidene-1,3-diphenyl-2-phenyliminoimidazolidin-5-
thyl isocyanate, phenylacetylene, and iron pentacarbonyl were one (8a).—The reaction using N,N'-diphenylcarbodiimide
purchased from a commercial source. o-Chlorophenyl isocyanate, (0.0366 mol), iron pentacarbonyl (0.0183 mol)” and phenyl-
0- tolyl isocyante, and cyclohexyl isocyanate were prepared from acetylene (0.0183 mol) was carried out in a similar manner as
the corresponding amines and carbonyl chloride in the usual above at 150-180° for 5 hr. The products were extracted
way.18 Diphenylacetylene,18 19 N,N'-diphenylcarbodnmide,12 cop- (benzene), chromatographed (benzene), and recrystallized
per phenylacetylide,20 and triiron dodecacarbonyl21 were prepared (benzene-hexane) to give following compounds.
according to previously outlined procedures. Phenylacetylene- Imidazolidine 7: yellow crystals; 7.0 g; mp 145°; mass spec-
1- d16 was prepared in 88.8% isotopic purity by hydrolysis of the trum 490 (M+), 296 (M -  C6H5N=C==NC6H5), 193 (C6H6- 
Grignard reagent of phenylacetylene with 99.7% deuterium CH=C=NC6H5).
oxide. Tetrahydrofuran was dried by refluxing on sodium wire Imidazolidine 8a: yellowish orange crystals; 1.3 g; mp 195°; 
in the presence of benzophenone. mass spectrum 415 (M+), 338 (M -  C6H6), 296 (M -  C6H5-

4-Benzylidene-1,3-diphenylhydantoin (la).—A mixture of NCO), 208 [C6H5N=C(NC6H6)2 -  C6H5], 193 (C6HSCH=C= 
phenyl isocyanate (0.05 mol) and iron pentacarbonyl (0.025 mol) NC6H5). 
was stirred at 150° for 40 min. Phenylacetylene (0.025 mol) was _________

(18) W. Hentschel, Chem. Ber., 17, 1284 (1884). (22) W. Httbel and E . H. Braye, J .In o r g . Nucl. Chem., 10, 250 (1959).
(19) A. C. Cope, D. S. Smith, and R . J .  Cotter, “Organic Syntheses,” (23) A. W. Hofmann, Chem. Ber., 18, 764, 3225 (1885).

Coll. Vol. IV, John Wiley & Sons, Inc., New York, N. Y ., 1955, p 377. (24) R. L. Shriner, R. C. Fuson, and D. Y . Curtin, “The Systematic
(20) C. E . Castro, J .  Org. Chem., 31, 4071 (1966). Identification of Organic Compounds,” 4th ed, John Wiley & Sons, Inc.,
(21) R. B. King and F . G. A. Stone, Inorg. Syn., 7, 193 1963). New York, N. Y ., 1956, p 287.
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l,3,4-Triphenylpyrroline-2,5-dione (9) and l,3,4-Triphenyl-5- and s-irring was continued for 2 hr at 140-190°. The products
phenyiimmopyrrolin-2-one (10).—The reaction using phenyl were extracted (benzene), concentrated, and chromatographed
isocyanate (0.05 mol), diphenylaeetylene (0.025 mol), and iron (benzene). From the first and second fractions, 1.7 g (67%) of
pentacarbonyl (0.025 mol) was carried out in a similar manner the imidazolidine 7 and 1.4 g (82%) of the hydantoin la were
as above at 175° for 4 hr, and the products were extracted (ben- obtained, respectively. From the third fraction, 0.2 g (12%) of
zene) and chromatographed (benzene, fractions 1-5; ethanol, the bsnzodiazepinone 11 was obtained and recrystallized (ben-
fraction 6). From the first fraction, 0.1 g of x-tetraphenylcyclo- zene—ethanol); yellow crystals; mp 215-216° (lit.6 202-203°);
butadieneiron tricarbonyl, Fe(CO)3(PhC2Ph)2 (mp 238° dec), mass spectrum (70 eV) m/e 340 (M+), 220 (M -  PhNCO),
and 0.7 g of the binuclear iron carbonyl complex, Fe2(CO)6- 192 [M — CON(Ph)CO].
(PhC2Ph)2 (mp 205° dec), were obtained and recrystallized Acid Hydrolysis of the Imidazolidines 7 and 8a and the Pyr-
(benzene-ethanol); no depressions of melting points were ob- roline 10.—Either 7, 8a, or 10 (0.5 g) was dissolved in a
served for each mixture with authentic samples.22 From the mixture of 20 ml of ethanol and 10 ml of water, and concentrated
second fraction, 0.2 g of 2,3,4,5-tetraphenyl-2,4-cyclopentadien- hydrochloric acid (10 ml) was added. After refluxing for 10 min
1-one (mp 220°) was obtained and recrystallized (benzene); no on a steam bath, the reaction mixture was cooled, extracted
depression of the melting point was observed for the mixture (ethyl ether), dried (MgSO<), concentrated, and recrystallized
with the authentic sample.25 From the third fraction, the pyr- (benzene) giving la (from 7 and 8a) or 9 (from 10). Hydrolyses
roline 9 was obtained and recrystallized (benzene-ethanol): were quantitative.
yellow needles; 3.3 g; mp 180-181° (lit.26 178-179°); mass Oxidation of the Hydantoin la.—Powdered potassium per-
spectrum (70 eV) m/e 325 (M+), 297 (M -  CO), 206 (M -  manganate (1.3 g) was added over 1 hr to the hydantoin la (1.5 g) 
CeHsNCO). From the fourth fraction, the pyrroline 10 was dissolved in pyridine (20 ml)-water (2 ml) with vigorous stirring;
obtained and recrystallized (ethanol): orange crystals; 1.5 g; the temperature was held at 18-20°. Water (10 ml) in limited
mp 157-158°; mass spectrum (70 eV) m/e 400 (M+), 372 (M -  amounts was added to the reaction mixture with stirring, and
CO), 295 (372 — Cell.,), 281 (M — C8H5NCO), 194 (CeH6N= stirring was continued for 30 min. The solution was made acid
C=NC6H5). From the fifth and sixth fractions, 0.1 g of the to Congo red with dilute sulfuric acid and decolorized by sodium
cyanurate 4 (mp 294°) and 1.0 g of the urea 5 (mp 239°) were hydrogen sulfite. The precipitate was washed with water (30
obtained; no depression of melting points were observed for the ml) and ethyl ether (30 ml) and crystallized (benzene-hexane),
mixture with the authentic samples.23-24 giving 1.0 g (85%) of white needles of parabanic acid 2: mp

The pyrroline 10 was also obtained in 48% yield in the reaction 210° (lit.27 206—207°); ir 1785 and 1740 cm-1 (C=0); mass
using N,N'-diphenylcarbodiimide (0.0073 mol), diphenyl- spectrum (70 eV) m/e 266 (M+), 119 (C«H6NCO).
acetylene (0.0073 mol), and iron pentacarbonyl (0.0073 mol) at Anal. Calcd for CisHi0N2Oi: C, 67.66; H, 3.79; N, 10.52. 
185° for 2 hr. Found: C, 67.67; H, 3.79; N, 10.46.

4 -(Benzylidene-«-d)-l,3 -diphenylhydantoin (l'a).—The hy- The filtrate was made acid with concentrated hydrochloric
dantoin l'a was prepared from phenylacetylene-l-d in a similar acid and extracted with two 100-ml portions of ether. The
manner to that used to prepare the hydantoin la: white crystals, ethereal extract was dried (MgSO<) and concentrated. Benzoic
60% yield, mp 200°. acid (0.2 g) was obtained by crystallization of the residue with

Equimolecular Reaction of Phenyl Isocyanate, Diphenylcarbo- hexane: 37% yield; mp 124°; no depression of melting point
diimide, Phenylacetylene, and Iron Pentacarbonyl.—A mixture was observed for the mixture with the authentic sample, 
of diphenylcarbodiimide (0.01 mol), phenyl isocyanate (0.01 _ . , , n „ ,
mol), and iron pentacarbonyl (0.01 mol) was heated to 140° for Registry No. la , 4514-33-4, lb ,  24707-11) 6, lc ,
30 min. Phenylacetylene was added dropwise to the mixture, 24707-11-7; Id , 17858-25-2; le ,  24707-13-9; I f ,  
----------------- 24704-22-1; 2,6488-59-1; 7,24707-15-1; 8a, 24707-16-

(25) K . Ziegler and B. Schnell, Justus Liebigs Ann. Chem., 445, 266 2 ; 9,5191-53-7; 10,24707-18-4; 11,4514-34-5.
(1925).

(26) J .  V. Scudi and H. G. Lindwall, J .  Amer. Chem. Soc., 57, 2302 (1935). (27) T . Figee, Rec. Trav. Chim. P iys-B as, 34, 289 (1915).
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The mass spectra of some silylhydrazines and tetraaza-3,6-disilacyclohexanes are presented. Silicon-con­
taining fragments are the most abundant. Characteristic fragmentation modes are the direct and stepwise loss 
of free radicals and neutral molecules from the molecular and fragment ions. Hydrogen transfer and skeletal re­
arrangement processes are observed. Evidence for rearrangements of doubly charged ions has been obtained.
Two different types of metastable ions are detected which support many fragmentation modes. High-resolution 
data are in agreement with the proposed fragmentation processes.

Although the interest in organosilicon chemistry has The mass spectra of trimethylsilyl ethers, amines, and
been steadily increasing in recent years, only a limited sulfides, derivatives of acids,8-10 and siloxanes11-13
amount of information is available concerning the mass have been reported.
spectral fragmentation of organosilicon compounds.2-7 The information available in literature on the be-

(1) (a) The National Chemical Laboratory. Poona; (b) Department of
Chemistry, Indian Institute of Technology, Kanpur. (7) T . H. Kinstle, I . Haidue, and H. Gilman, Inorg. Chim. Acta, 3, 373

(2) G. Fritz, J .  Grobe, and D. Rummer, Advan. Inorg. Chem. Radiochem., (1969), and references cited therein.
7, 349 (1965), and references cited therein. (8) J .  Diekman, J . B . Thomson, and C. Djerassi, J .  Org. Chem., 32, 3904

(3) J .  J .  de Ridder and G. Dijkstra, Rec. Trav. Chim. Pays-Bas, 86, 737 (1967).
(1967) . (9) G. H. Draftan, R . M. Stillwell, and J .  A. McCloskey, Org. Mass.

(4) J .  Tam a’s and K. U’jsza’szy, Acta Chim. Acad. Sci. Hung., 66, 125 Spect^om., 1, 669 (1968), and references cited therein.
(1968) . (1C) W. J .  Richter and A. L. Burlingame, Chem. Commun., 1158 (1968).

(5) Na. Y . Chernyak, R. A. Khmel’nitskii, T . V. D ’yakova, K. S. Push- (11) A. G. Brook, A. G. Harrison, and P. F . Jones, Can. J .  Chem., 46,
chevaya, and V. M. Vdovin, Zh. Obshch. Khim ., 37, 917 (1967). 2862 (1968).

(6) P. N. Preston, P. J .  Rice, and N. A. Wier, Int. J .  Mass Specirom. Ion  (12) G. Dube and H. Kriegsmann, Org. Mass. Spectrom., 1, 891 (1968).
Phys., 1, 303 (1968). (13) G. Dube, Z. Chem., 8, 350 (1968).



C h a r t  I

" H3C R' 1 + f H3C\ /R' ~|+
R0 SiC / R • S i.XT .R

i'T P r  - r_ n: /  NNT
I I — R — <  I

R ^ S i C f ^ R  / SCNV" r
_ H3C R' J |_ H3C X R'

m/e
I, 413(6.9%)

(C24H2,N3Si2)
II, 455(7.5%)

. Ill, 479(7.1%) .

m/e ■ ■ m/e' piT__nu -CH
C23H23N3Si2 1,397 (1%) —------- 3-+ m/e 370 1,385(1%) C22H23N3Si2

II, 439(2.3%) 11,427(1.1%)
III, 463 (1.7%)

havior of Si-N  bond under electron impact is scanty.14’16 N ,N' - diphenyl - N ,N ' - bis(diphenylmethylsilyl)hydra-
I t  has been reported that, in the mass spectra of sila- zine (IV), N-phenyl-N'-(p-tolyl)-N,N'-bis(diphenyl-
zanes, the molecular ion was observed as a minor peak, methylsilyl) hydrazine (V), N-phenyl-N'-(p-anisyl)-
the base peak being the M — 15 ion formed by the loss N,N'-bis(diphenylmethylsilyl)hydrazine (VI), N ,N'-
of a methyl radical. The subsequent fragmentation bis(diphenylm ethylsilyl)dibenzodihydropyridazine 
modes reported are the expulsion of neutral molecules (V II), and N,N'-diphenyl-N,N'-bis(trimethylsiIyl)-
such as methane, ammonia, formaldehyde, and hydro- hydrazine (V III). 
gen chloride. In  the present studies, we have examined
the mass spectra of a few silicon-nitrogen compounds Results and Discussion
such as silylhydrazines and tetraaza-3,6-disilacyclo-
hexanes. The tetraaza-3,6-disilacyclohexanes include The mass spectra of the three tetraaza-3 6-disilacyCIO-
1,2 ,4 ,5-tetrap henyl-3,6-dim ethyl-3,6-divinyl-1,2,4,5- hexanes ? " n P  are shown in F p re F  Llkf  the mass
tetraaza- 3,6 - disilacyclohexane (I), 1,2,4,5 - tetra(m- sPectra of cyclosilzanes reported recently,16 the molecu-
tolyl)-3,6-dim ethyl-3,6-divinyl-l,2,4,5-tetraaza-3,6-di- lar 101118 significant and is the base peak in the spectra
silacvclohexane (II), and l,2,4,5-(m-anisyl)-3,3,6,6- of these compounds. Fragments corresponding to
tetramethyl - 1,2,4,5 - tetraaza - 3,6 - disilacyclohexane direct and/or1 successive loss of methyl, vinyl and
(III) . The silylhydrazines that we have studied are Phen->rl radicals are negligible. The loss of phenyl-

nitrene R -N : from a molecular ion is a very signifi- 
H3C^ ^ R ' cant metastable-supported fragmentation mode. The

R\ N̂ sk N̂ R resulting odd-electron ion then appears to eliminate
| | neutral molecules such as methane and ethylene and

/i'kgpN ^R finally stabilize by expulsion of vinyl and methyl radi-
H:IC^  S R' cals. High-resolution data obtained on peaks at m/e

I R=CH -R'=CF =CH 413, 397, 385, and 370 in the spectrum of compound I
TT n m ph pu.D/ PH =CH support this (Chart I ) .

m’ p cS h R '-PH  From the ion abundances alone it is difficult to es-
’ m 3 6 4’ 3 tablish whether the initial ionization takes place by the

loss of a bonding or nonbonding electron.16 The ob-
C6h5 CH Si—CH served elimination of phenylnitrene can be reasonably
j | explained by assuming that the initial ionization is

R"^ C6H5—Si—CH: R"—n—N—R"' taking place by the loss of a bonding electron of the
N— I Si-N bond, the charge remaining on the silicon atom

C6H5—Si—CH3 R"' CH3 Si CH3 because of the large difference between the electro-
I CH3 negativity of silicon and nitrogen. This is followed by
6 5 /ir ■" 3 a homolytic cleavage of the N -N  bond resulting in the

IV, R" = C6H5;R  ̂ =C6H5 VIII, R = R =C6H5 elimination of phenylnitrene. Djerassi, et oZ.,17,18 have
V, R" = C6H5; R'" = p-CH3C6H4 reported the formation of nitrogen entities with electron

V I, R" = C6H5;R " ' = p-CH3OC6H4 sextet as preferred intermediates and product ions in
6 \ _ J  \  the mass spectra of oximes and N,N-dimethylhy-

VH, R", R "' = \ Z ~ \ J  drazones.

(16) D. B . Chambers, F. Glockling, and J .  R . C. Light, Quart. Rev. Chem.
(14) J .  Silbiger, C. Lifshitz, J .  Fuchs and A. Mendelbaum, J .  Amer. Soc., 22, 317 (1968).

Chem. Soc., 89, 4308 (1967), and references cited therein. (17) D. Goldsmith, D. Becher, S. Sample, and C. Djerassi, Tetrahedron,
(15) G. Kannengiesser, F . Damm, A. Deluzarche, and A. Maillard, Bull. Suppl., 7, 145 (1966).

Soc. Chim. Fr., 894 (1969). (18) D. Goldsmith and C. Djerassi, J .  Org. Chem., 31, 3661 (1966).
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tetra(m-tolyl)-3,6-dimethyl-3,6-divinyl-l,2J4,5-tetraaza-3,6-disilacyclohexane (II), and 1,2,4,5-tetra(m-anisyl )-3,3,6,6-tetramethyl-
l,2,4,5-tetraaza-3,6-disilacyclohexane (III).
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Photolytic19 and thermal20 elimination of phenylni- assuming the decomposition of the doubly charged
trene is well known. The elimination of phenylnitrene molecular ion into two singly charged ions as shown,
under electron impact appears to be a novel type of
fragmentation mode. M2+ — [M -  (CeH5N=NCsH5)] + +  [C6H5N=NC6H5] +

Another fragmentation mode supported by an ap- m/e 322 m/e 182
propriate metastable peak is the loss of a neutral mole- h mo1 wt 504
cule (R N = N R ) from the molecular ion which results „j  ;__„ i. u u , , . ,• % ,. i  , , , , c . .  Doubly charged ions have been observed which cor-m the formation of an odd-electron fragment ion. This „„„„..... , , , , ,, Ar /T>XT , TT1., . . .  , i i  , respond to the molecular and the M — (R N = N R )fragmentation mode resembles the loss of tolane from • „ T .„„„ . r . „ , • , , ’,, , ,r 1C . ions, these doubly charged ions with integral masses
thef,M , “  -1*  “ “  “  t]?e ^  spectrum of 1,1,4,4-tetra- were identified from their 18ot ic peaks cfbserved at
methyl-2,3,5,6-tetraphenyl l,4-disilm.21 I t  is pertinent m/e 252.5 and 16L5. High-resolution data also sup-
to observe that the loss oi neutral molecules such as -x-___ • 1 ,-j-) xt i v i i  port the elemental compositions assigned to them.
R N = N R  was also observed in the thermal decompo- Thig observation can be explained by assuming that
sitions of tetraaza-3,6-disilacyclohexanes-2 Further the doubl charged molecular ion undergoes the fol- 
fragmentation is dominated by the expulsion of free lowi ion decomposition reaction 
radicals (methyl and vinyl) which leads to the forma­
tion of stable even-electron ions. These even-electron M2+— >- [M -  (RN=NR)]2+ +  RN=NR
ions, in turn, appear to lose neutral molecules such as
ethylene or methane. Evidence in support of these }l  t PP,earS ^  ^  fragmentation mode operates in 
fragmentation processes was obtained from accurate ^oth the singly and doubly charged molecular ions and 
mass measurements. takes place m a single step.

I  igure 2 shows the mass spectra ol the compounds 
IV, V, and V I. I t  is reasonable to assume that in these 

H3C^ ^R ' compounds, also, the initial ionization takes place by
the loss of a bonding electron. This seems to trigger 

I I -R n= n p,̂  the fragmentation process leading to the formation of
r^ NnSF Nnsr  * the base peak at m/e 197. The M — 197 ion is, how-
HjC^ X R' ever, a minor peak.

T CB, T + r  _..+
| / R C6H5

R'—Si— N I
I I R"v  H5C6-S i - C H 3 H C _ s i _ r  H

R'— Si— N > - N ^  56 I1 CeHs
I R H5C6—Si-CH 3 NR "' L ch3 .

V113 I

m/e L CA ClsHl3Si
I, 322(31.8%) m/e 197(100%)

(C18H22N2Si2) The loss of neutral molecules such as H2, CH4, and
II, 350(41.4%) C6H6 allows easy degradation paths for the even-elec-

III, 358 (35.7%) tron fragment m/e (197). This gives rise to daughter
/ \  ' ions m/e 195, 181, and 119. Compositions of these

^ - ch3 \ ch= ch, ions are confirmed from high resolution data.

m/e m/e
I, 307(15.0%)(C17H19N2Si2)+ 1,295(8.7%) M  j ]

II, 335 (10.9%) (C16H19N2Si2)+ C7H,Si C12H3Si
III, 343(16.4%) 11,323(6.1%) m/e 119 m/e 181

III IV (2.0%) „ '. IV (2.4%)
\ /  V (35%) LiaHi3 V (3.5%)

-cr\  ./-CH, m/e 197 (100%)\  /  VI (4.2%) VI (5.0%)
m/e VII (3.5%) “4  VII (5.7%)

I, 279 (1.0%) (C15H15N2Si2)+
II, 307(1.0%)

I
In  the mass spectra of benzene23 and 9,10-diphenyl- CH3

anthracene,24 doubly and triply charged ions have been
reported to undergo metastable supported rearrange- m’e
ments. The metastable peak at m/e 411.6 (calcd IV (3.2%)
411.4) in the spectrum of I  has been rationalized by V(3.5%)

VI (5.1%)
(19) J .  S. Splitter and M. Calvin, Tetrahedron Lett., 1445 (1968). y j j  (4  4 f 0)
(20) F . P. Loasing, Ann. N. Y. Acad. Sci., 67, 499 (1957).
(21) F . Johnaon, R . S. Gohlke, and W. A. Naautavicua, J .  Organometal. . .. ,

Chem., 3 , 2 3 3  (1 9 6 5 ). Loss of two hydrogen atoms in one step by the ortho
(22) V. Kalyanaraman and M. V. George, unpublished reaults. C o u p lin g ”  h a s  b e e n  s h o w n  i n  t h e  S p e c t r a  o f  t r i p h e n y l -

Z  P̂ pM-e, triehenylanto, M i t a e M M «  ¿¡Phenyl-
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Chabt II 
HsC6\ ,/C 6H5

^  R'"—N̂ SlvCH3 ?H3
C6H5—Si—NH—R'" R"—Ns.g./ CH, —* Cft-Si—NH—R"

C6Hf _ H5C6̂  _ C6H5
A B

R"' ™/e R" = C6H5 m/e
IV, C6H5 289(9.7%) IV, 289(9.7%)
V, p - CH3C6H4 303(12.1%) V, 289(13.8%)

VI, p - CH3OC6H4 319(51.2%) VI, 289 (58.7%)
*}-CH3 J-QA • |-ch, J-C.H,

IV, 274(8.1%) 212(1.7%) IV, 274 (8.1%) 212(1.7%)
V, 288(7.6%) 226(1.5%) V, 274 (9.6%) 212(2.3%)

VI, 304 (10.0%) 242(2.5%) VI, 274 (43.8%) 212(9.2%)

IV, 196 (3.0) IV, 196 (3.0)
V, 210 (3.3) V, 196 (3.5)

VI, 226 (1.66) VI, 196 (9.7)

methane, 26 and diphenylamine. 2 6  Elimination of The observed values of apparent mass of the meta­
methyl and phenyl radicals from the molecular ion is stable ions agreed with calculated values to ± 0 . 2  mass
insignificant. However, the loss of a methyl group is unit. The metastable peaks were sharp when neutral
preferred to the loss of a phenyl group attached to a molecules and radicals were eliminated, and diffuse and
silicon atom. broad when silicon-containing fragments were lost.

Simple cleavage of N -N  bond in silyhydrazines is not Some metastable peaks observed in the spectra of I I I ,
very significant in the spectra of compounds IV  to V II. IV, and V can be expalined by two-step fragmentation
However, cleavage of the N -N  bond takes place with processes, since the fragments lost are not present as
hydrogen transfer which results in the formation of single structural units in the parent ion. For example,
odd-electron fragmentation, A and B . Other precur- in compound I I I  it is obvious that the M -  (R -N :) ion
sors of these rearrangement ions could not be identified (m/e 479) does not contain any single structural entity
in the absence of appropriate metastable peaks. In
compound V III  this rearrangement is not very signifi- m/e 4 7 9 ----------- *______ m/e 4 4 7

cant, since the simple cleavage of the N -N  bond seems .
to be preferred over the rearrangement. In  the ab- -CH< * \  /  * -CH*
sence of sufficient deuteration data it is difficult to pro- 
pose any satisfactory mechanism for these rearrange­
ments (see Chart I I ) . with 32 mass units. Hence, this should involve suc-

The spectrum of V II is slightly different from those cessive loss of two molecules of methane. Metastable 
of IV, V, and V I. One of the differences is the stepwise peaks are observed for all these decompositions, 
loss of two fragments with mass 197. The driving
force for this fragmentation seems to be the formation ^ „ ,.. . . .  ,. , Experimental Sectionof a stable aromatic system.

The mass spectra of compounds I-VIII were recorded on a 
~ iV CEC 21-I10B mass spectrometer. The samples were introduced
y ) ( )  through the direct inlet probe and the ion source was operated
'= (  /==s/ between 150 and 200°, the ionizing current was 40 /¿A, and the

N=N J ionizing voltage was 70 eV. The accurate masses of fragments
ions were determined by high-resolution mass spectrometry at a 

m/e 180 (2.5%) C12H8N2 resolution of 6000.
The tetraaza-3,6-disilacyclohexanes (I—III) and silylhydrazines

The characteristic peak observed at yn/e 289 m the (IV-VIII) were prepared according to reported procedures.8 7 - 2 9  

spectra of IV, V, and V I is absent in the spectrum of In the bar spectra of the compounds reported in Figures 1 and 
V II which indicates that the hydrogen rearrangement 2> intensities of the peaks >1% of the base peak are only re­
process is not operating to a significant extent. No P ^ '  The asterisks indicate the observed Castable transi-
rearrangement involving the transfer of alkyl and aryl
groups has been observed. The rigidity of the molecule Registry No.—I, 17082-85-8; I I , 17082-87-0; I I I ,  
compared with IV, V, and V I may be responsible for 17082-89-2; IV, 5994-98-9; V, 15951-44-7; VI, 15951- 
the absence of these fragmentation modes in V II. 45-8; V II, 15951-51-6; V III, 5994-95-6.

(25) D. E . Bublitz and A. W. Baker, J .  Organometal. Chem., 9, 383 (1967). (27) S. S. Dua and M. V. George, J . Organometal. Chem., 10, 219 (1967).
(26) K . G. Das, P. T. Funke, and A. K . Bose, J .  Amer. Chem. Soc., 86, (28) S. S. Dua and M. V. George, ibid., 9, 413 (1967).

3728 (1964). (29) M. V. George, P. B. Talukdar, and H. Gilman, ibid., 5, 397 (1966).
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A nim ation of Cycloalkanes with Trichloram ine-A lum inum  Chloride13
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Department of Chemistry, University of Wisconsin■—Milwaukee, Milwaukee, Wisconsin 53801, 
and Department of Chemistry, Case Western Reserve University, Cleveland, Ohio ¿4106

Received November 6, 1969

The nature of the reaction between cycloalkanes and trichloramine-aluminum chloride was investigated.
Amination of methyleyelopentane afforded 1-amino-l-methylcyclopentane; cis- and frans-decalins gave cis-9- 
aminodecalin; and hydrindan provided efs-8-ammohydrindan. The reaction with cyclohexane produced tem­
perature-dependent products. At low temperatures cyclohexylamine was formed, while at higher temperatures
1-amino-l-methylcyclopentane predominated. Cycloheptane underwent rearrangement with formation of
1-amino-l-methylcyclohexane. Cyclooctane, methylcycloheptane, and 1,3- and 1,4-dimethylcyclohexane pro­
duced a mixture of rearranged products consisting primarily of 1,3- and 1,4-dimethyl-l-aminocyclohexanes.
Primary and secondary amines as well as aziridines and N-alkylaziridines were generated from cyclopentane.
Relative rate data were obtained for secondary vs. tertiary alkanes. An important step in the mechanistic path­
ways for the various reaction categories appears to entail interaction of a carbonium ion with a nitrogen-contain­
ing nucleophile. Synthetic utility is demonstrated for the procedure.

Prior reports from this laboratory have shown that 0.5:2. The aminocycloalkanes could, in most cases, be
the trichloramine-aluminum chloride combination can separated from the minor reaction products by frac-
effect direct amination of organic compounds. Treat- tional distillation. Characterization of the major
ment of monoalkylbenzenes gave products of unusual products was accomplished by comparison with authen-
orientation, namely, m-alkylanilines.4' 6 Additional tic material, preparation of derivatives, and, in some
studies revealed that naphthalene,7 biphenyl,7 and cases, degradative techniques. Yields are based on an
dialkylbenzenes8 also demonstrated this unusual sub- equimolar relationship between the basic, distilled
stitution pattern. More recent investigations have product and trichloramine.
dealt with the conversion of aryldialkylmethines to ¿-Alicyclic Hydrocarbons.—These substrates gave 
¿-benzylamines in the presence of ¿-butyl bromide.9’10 the corresponding carbinamines as predominant reac-
This observation led to studies of direct amination of tion products. Their formation is consistent with the
alkanes,11 alkyl halides,12’13 and hydrocarbons in the prior observation that tertiary centers are generally the
bicyclic13 and tricyclic14’16 category. Each type of preferred reaction sites.11’12’14’15
organic substrate proved amenable to amination, thus Methyleyelopentane.—When this hydrocarbon was
providing a new route to amines. aminated at 3° under standard conditions, a 61% yield

Heretofore, only one simple alicyclic substrate, of 1-amino-l-methylcyclopentane was obtained. The
methylcyclohexane, was subjected to this technique, authentic compound was prepared by the Ritter reac-
producing 1-amino-l-methylcyclohexane.11 The pur- tion with 1-methylcyclopentanol.
pose of the present study was to investigate the scope Mechanistically, the result can be rationalized as 
and mechanistic aspects of the amination of cyclo- shown in eq 1 and 2. Hydrogen chloride was evolved 
alkanes, together with a consideration of synthetic
utility. C13N + A1C13 Cli+ (A1C13NC12)*_ (1)

Results and Discussion , , NC12 NH,
The reactions with trichloramine-aluminum chloride ( \  ci+ xeir, d )  +i%

were generally carried out within the range of —20 to 18° '—' -hci* '— ' ” '— ' -ci+> '— '
with a trichloramine:aluminum chloride:alicyclic hy­
drocarbon: methylene chloride molar ratio of 0.1:0.2: throughout the reaction. Participation of chloronium

type ion was invoked in a recent communication16
(1) (a) Paper X V  of Chemistry of N-Halamines; presented in part at the p a l i n g  w i t h  a n o t h e r  L e w is  a c i d  S y s t e m .  A l t e r n a t i v e l y ,

Third Great Lakes Regional Meeting of the American Chemical Society, h y d r i d e  a b s t r a c t i o n  m i g h t  b e  e f f e c t e d  b y  + C H 2C 1
DeKaib, in ., June 6,1969. (b) From the Ph.D. Thesis of k . w . f „ Case w h i c h  m a y  a r i s e  f r o m  t h e  a c t i o n  o f  a l u m i n u m  c h l o r id e
Western Reserve University, 1970. i i i n  m i • M , ,

(2) Address correspondence to this author at the Department of Chem- H lG th y iG Iie  c h lo r iu G . T h l S  p o s s i b i l i t y  i s  C 0 n s id .6 r6 d
istry, University of Wisconsin— Milwaukee, Milwaukee, w is. 53201. u n l i k e l y  s i n c e  m e t h y l  c h l o r id e  w a s  f o r m e d  o n ly  i n  t r a c e

NSF-URP partl01Pant’ Case Western Reserve University, summer amounts in the amination of methylcyclohexane.
(4) p. Kovacic, c. t . c-oraiski, j . j .  Hiller, jr . ,  j . a . Levisky, and r . m . Other lines of supporting evidence for the proposed

Lange, j . Amer. chem . Soc., 8 7 ,1262 (1965). scheme are discussed elsewhere.9-15
(5) P. Kovacic, J .  A. Levisky, and C. T . Goralski, ibid., 88, 100 (1966). D e c a l i n  — A m i n a t i o n  o f  t e  S 1 1 0 0 % !  ( W 7 1
(6) P. Kovacic and J .  A Levisky, ibid., 88, 1000 (1966). E ’ C C a illl. A im n a i lO n  OI i r a n s  (,lU U /0/), CIS (U/ / o ) ,
(7) P. Kovacic and A. K . Harrison, J .  Org. Chem.. 82 , 207 (1967). and mixed (39% trails, 61% CIS) deCalinS (Table I)

585 (̂1 967)̂ °VaC1C' K W FieId’ P D Eosk°8’ and F" Vp Scalzi’ ibid” 32’ provided the same major product, 9-aminodecalin,
(9) p. Kovacic and r . j. Hopper, Tetrahedron, 23, 39 77 (1967). 1111 the basis of physical properties and infrared spectra.
GO) p. Kovacic, j . f. Gormish, r. j. Hopper, and j . w. Knapczyk, Acetylation gave pure cis-N-9-decalylacetamide.18 The

J .  Org. Chem., 33, 4515 (1968).
(11) P. Kovacic and S. S. Chaudhary, Tetrahedron, 23, 3563 (1967). (16) W. Bracke, W. J .  Cheng, J .  M. Pearson, and M. Szwarc, ibid., 91,
(12) P. Kovacic and M. K . Lowery, J .  Org. Chem., 34, 911 (1969). 203 (1969).
(13) P. Kovacic, M. K . Lowery, and P. D. Roskos, Tetrahedron, 26, 529 (17) Cf. K. M. Harmon, A. B . Harmon, and F. E . Cummings, ibid.,

(1970). 83, 3914 (1961).
(14) P. Kovacic and P. D. Roskos, Tetrahedron Lett., 5833 (1968). (18) W. Hijckel and M. Biohm, Justus Liebigs Ann. Chem., 502, 114
(15) P. Kovacic and P. D. Roskos, J .  Amer. Chem. Soc., 91, 6457 (1969). (1933).
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stereochemistry indicated by the acetamide derivative specificity may reflect the relief of axial-axial interac- 
was confirmed by comparison of the amine with au- tions in the tra n s  compound. Furthermore, Bartlett 
thentic material obtained by Hofmann degradation of and coworkers demonstrated that cts-decalin-9-carbox- 
m-9-decalincarboxamide. In  all cases the recovered ylic acid is thermodynamically favored in the isomeriza-
decalin consisted of the tra n s  isomer only. tion of irans-decalin-9-carboxylic acid with fuming

sulfuric acid.24 Analogously, in 8-methylhydrindan 
T a b l e  I the c is  conformer is energetically preferred since only in

A m in a t io n  o f  D e c a l in “ the c is  compound can the methyl group assume an
,______Yield, %______ , equatorial position.22 Christol and Solladie have shown

Addition time,6 Crude cis-9-Amino- that, under the conditions of the R itter reaction, certain
Decahn min base,! decalin«* precursors undergo isomerization and then amination

tra™‘ 41 to give ci's-8-aminohydrindan after hydrolysis of the
Mixed6 67 47 35 initially formed formamide precursor.25
Mixed*“6 120 8 6 Secondary Alicyclic Hydrocarbons.—Many alicyclic
Mixed*,c*** 100 42 17 compounds are extensively isomerized under Friedel-
Mixed*> 75 68 50 Crafts conditions.21*26’27 Application of the standard

“ Temperature, 0-5°. 6 Followed by 0.5-hr stirring. 'Distilled reaction to substrates in this category affords alicyclic
material. d The remaining base contained numerous unidenti- amines derived from rearranged hydrocarbons,
tied components, all of which could be removed by distillation. Cycloheptane.—Upon treatment at 5-10° with
' NCUMCh:decalin:CH2C12 = 0.1:0.2:0.35:2. /NCl3:AlCb: trichloramine-aluminum chloride, cycloheptane pro-
decalm:CH2Cl2 = 0.1:0.2:0.4:2. " cm (97%), trans (3%). , , . , ,  , , . 1 , 1
»trans (34%), cis (66%). * cis (61%), trans (39%). 'Inverse duced a 65%  yleld of 1-ammo-l-methylcyclohexane.
addition; decalin was added to a mixture of trichloramine-alu- Lewis acids are known to convert cycloheptane to
minum chloride in methylene chloride solvent. 6 —1 to 1°. methyIcyclohexane,20 and in fact none of the excess
* Aluminum bromide was used in place of aluminum chloride; starting material was found unchanged in the neutral
¿-butyl bromide (0.036 mol) was added to the reaction mixture tion of the amination mixture. The basic product
prior to the tnchloramme. m 4-7 . nSee Experimental See- ^
tion, general procedure B. was identified by comparison with authentic mate­

rial.11
Because of the specificity of the reaction and the Eight-Carbon Alicyclics. In  the presence of alu- 

synthetic advantage offered by this procedure over the f 111111111 chloride as catalyst, cyclooctane, methylcyclo-
circuitous literature routes, an investigation of reaction heptane, m-l,3-dimethylcyclohexane, and M -di-
conditions was undertaken in order to optimize the methy cyclohexane are rearranged to a mixture of di-
yield. Earlier studies have revealed that the preferred methylcyclohexanes consisting mainly o the 1,3 and
method for amination of alkyl halides involves addition M  com ers.26*27 In  our system the hydrocarbons
of the alky] halide to the trichloramine-aluminum underwent extensive isomerization, to the extent that in
chloride mixture.12 In  an experiment in which the thc, ^covered organic phase from the amination of
mode of addition was reversed the yield of crude base cyclooctane or methylcycloheptane no unrearranged
was drastically reduced (Table I, entry 4) perhaps starting material was found.
resulting from destruction16 of trichloramine by the . The major product from each substrate was an
generated hydrogen chloride. Use of the aluminum inseparable mixture (glpc) of 1,3- and 1,4-dimethyl-l-
bromide-f-butyl bromide catalyst system14*16 decreased ammocyclohexanes (Table I I ) . The infrared spectra of
the yield of desired material and increased the amount
of by-product amine (Table I, entry 5). The stronger T a b l e  II
catalyst20 might cases a deep-seated isomerization of the A m in a t io n  o f  C 8 C y c l o a l k a n e s

parent nucleus.21 A modified work-up procedure15 Basic product, yield, %
afforded the highest yields (50% ). For increased Substrate Temp, °C Crude“ Purified6

efficiency, the methylene chloride solvent was removed Cyelooctane 5-10 70 50
by distillation during hydrolysis. Methyl-

Hydrindan. —The specificity observed with decalin . cf  loaept“ e 0-3 72 50
also pertained to hydrindan. Amination at 5-10° ^cyclohexane7 0-3 77 55
afforded cis-8-aminohydrindan in 70%  yield. The j  4-Dimethyl-
authentic amine was synthesized by a Hofmann deg- cyclohexane 4-6 72 50
radation procedure similar to the one used for cis-9- «Total base. 6 The major product is a mixture of 1,3-and 1,4- 
aminodecalin. dimethyl-l-aminoey clohexanes.

The stereospecificity observed on amination of the
fused-ring substrates has precedence. Models show the product mixtures were identical except for a few
that irans-9-N,N-dichloroaminodecalin is more crowded slight intensity differences. As an aid in identification,
than the imns-9-methyl analog. In  the case of the a Hofmann elimination was performed after conversion
9-methyldecalins, it appears that the c is  isomer is to the quaternary hydroxides, followed by ozonolysis of
slightly favored at equilibrium.22*28 The observed the resultant olefins. Analysis of the methylcyclo-

(19) W. A. Noyes, J .  Amer. Chem. Soc., 42, 2173 (1920).
(20) P . von R . Schleyer and M . M . Donaldson, ibid., 82, 4645 (24) R . E . Pincook, E . Grigat, and P. D. Bartlett, J .  Amer Chem. Soc.,

(I960). 81 ,6332  (1959).
(21) E . Wilson, Chem. Rev., 21, 129 (19S7). (25) H. Christol and G. Solladie, Bull. Soc. Chim. Fr„  3193 (1966).
(22) N. L. Allinger, J .  Org. Chem., 21, 915 (1956). (26) M. B . Turova-Pollak, DoH. Akad. N auk SSSR, 60, 807 (1948).
(23) A. Ross P. A. S. Smith, and A. S. Dreiding, ibid., 20, 905 (27) G. Chiurdoglu, P. J .  C. Fierens, and C. Henkart, Bull. Soc. Chtm.

(1955), Beiges, 58, 140 (1950).
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hexanones revealed that the starting amine possessed +
the approximate isomeric composition of 71%  1,3 and | | |  £%. | Y  iE w  | j
29%  1,4. For verification, the olefinic mixture was Y /  \ ^ \ NC1 ”C1+
aromatized with palladium on carbon, producing
m-xylene (73%) and p-xylene (27% ). No cyclooctyl- (̂ y ' Cl _HC|
amine or 1-amino-l-methylcycloheptane was detected I I ------*- [ Y nh (3)
in the base obtained from cyclooctane or methylcyclo- 
heptane, respectively.

Cyclododecane.—Amination of cyclododecane at to cyclohexene in an uncatalyzed system, eventually
3-6° gave many products, presumably cyclohexane giving rise to 2-chlorocyclohexylamine.31 
derivatives, which appear to arise from isomerization; Evidence that the N,N-dichloroamine serves as 
no cyclododecane was recovered. Although identi- precursor to the end product (eq 2) was obtained from
fication of the product mixture was not carried out, low-temperature amination of cyclohexane. W ith a
it was shown that cyclododecylamine was not a com- modified work-up procedure, N,N-dichlorocyclohexyl-
ponent (glpc comparison with authentic material). amine was isolated in 18% yield and identified by com-

Cyclohexane.—The amination of cyclohexane was parison with a sample of authentic material. Similarly,
found to be quite sensitive to temperature changes and l-N,N-dichloroaminoadamantane and N,N-dichloro-f-
the addition of isomerization catalyst, e.g. ,  olefin (Table butylamine have been shown to be generated in amina-
I I I ) .  Cyclohexylamine was the predominant product tion of adamantane14'15 and ¿-butyl chloride,12 re­

spectively.
In  order to gain additional mechanistic insight, 

T a b l e  III competitive aminations were performed with hydrindan-
A m in a t io n  o p  C y c l o h e x a n e » cyclohexane mixtures. Relative rate data were ob-

' P r o d u c ts ,  % o f t o t a l  b a s e -  ^  tained with two different molar ratios of tertiary vs.
l-Am ino-l- 7-Azabi-

Cycio- methyl cycio- secondary hydrocarbon. The value (1 i-H vs. 1-sec-H)
hexene,& Temp, Cyclohexyl- oyclopen- [4.1.0]- Yield,' f0r a  1:1  mixture W aS 1.5 X  103, while that for a 1110

mol °C amine tane heptane % w  . . .  . -
_ 10 80 6 45 composition was 3 X  10s, yielding an average figure of

0 01 _ 10 78 16 53 2.25 X  103. From the data of Hughes, a value of 4.8 X
d 10-15 6 90 4 54 103 for the relative rate of the unimolecular hydrolysis

0.01 10-15 Trace 98 1 46 of ¿-butyl chloride:isopropyl chloride in 80%  aqueous
“ NChiAlCUiCeHuiiCIbClj = 0.1:0.2:1:1. b Added before ethanol can be calculated.32 A comparison of the data

trichloramine. 'Crude base. d NC13: AlCbiCsHiaiCHiCb = is valid since solvolysis at a tertiary position incorporated
0.1.0.2.0.5. . jn a cyclohexane ring proceeds at approximately the

same rate as for the acyclic analog.33 Corroboration is 
at low temperatures, even in the presence of cycio- provided from the relative rates of solvolysis of 1-chloro-
hexene. However at higher temperatures, particularly 1-methylcyclohexane: ¿-butyl chloride and isopropyl
with added promoter, 1-amino-l-methylcyclopentane is chloride: cyclohexyl chloride,33 together with Hughes’
formed preferentially. Ipatieff and coworkers noted value for solvolysis of ¿-butyl chloride: isopropyl
that the Lewis acid catalyzed isomerization of cycio- chloride. Computation furnishes a relative rate of
hexane at 25°, with hydrogen bromide and cyclohexene about 2 .6 X  103 for solvolysis of 1-chloro-l-methyl-
as cocatalysts, gave only a 9%  yield of methylcyclo- cyclohexane:cyclohexyl chloride. Thus, good evidence
pentane.28 I t  is our contention that 1-amino-l- is in hand for cation formation in the rate-determining
methylcyclopentane predominates at 10-15 because g, aminati0n 10
amination selectively involves the tertiary center, thus c; , • • , , , • • ,. . .  jv, ,, j n ., . , , d- Several experiments2 were carried out pertaining tosiphoning off the ¿-alkane as it is formed. Since re- , ■ . . .  . .->•% , • ,, ̂ , • i , . „o , . . . .  ,, , , reversibility during amination; cf. the R itter reaction.34arrangement is slow at —10 , nucleophilic attack at a „ . ° ... . , .
secondary position of cyclohexane is favored. In  some Th^ e  was no positive evidence since 1-amino-l-
cases, 7-azabicyclo ;4.1.0]heptane was formed in minor methylcyclopentane was not formed in systems con-
quantities. 1-Amino-l-methylcyelopentane was com- taming N,N-dichloroc> clohexylamme, aluminum chlo-
pared with authentic material obtained by independent ri^e> an<̂  cocatalysts, such as hydrogen chloride, ¿-butyl
synthesis. A literature method was used to prepare chloride, and trichloramine.
authentic cyclohexenimine.29 Cyclopentane.—With cyclopentane as substrate,

Mechanistically, the major products can be ration- several simultaneous reactions are occurring which give
alized by the processes outlined in eq 1 and 2. An rise to various types of amines (Table IV ). In keeping
explanation for formation of the aziridine involves with earlier postulates,11'12 plausible pathways for for-
stepwise addition of trichloramine to cyclohexene (eq3). mation of the products are described. The cyclopen-
The olefin was detected in the reaction mixture. The tylamine route can be visualized as proceeding in the
ring-closure step, believed to occur during work-up, same manner as for eq 2. Two of the products,
exemplifies the Gabriel synthesis of aziridines.30 Cole- dicyclopentylamine and N-cyclopentyl-6-azabicyclo-
man and collaborators found that trichloramine will add

(31) G. H. Coleman, G. M. Mullins, and E. Pickering, J .  Amer. Chem . Soc.,
(28) H. Pines, B. M. Abraham, and V. N. Ipatieff, J .  Amer. Chem. Soc., 50, 2739 (1928).

70, 1742 (1948). (32) K . A. Cooper and E . D. Hughes, J .  Chem. Soc., 1183 (1937).
(29) O. E . Paris and P. E . Fanta, ibid., 74, 3007 (1952). (33) A. Streitwieser, Jr ., “Solvolytie Displacement Reactions,” McGraw-
(30) L. A. Paquette, “Principles of Modern Heterocyclic Chemistry,” Hill Book Co., Inc., New York, N. Y ., 1962, p 96.

W. A. Benjamin, Inc., New York, N. Y ., 1968, p 16. (34) W. Haaf, Chem. Ber., 96, 3359 (1963).
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T a b l e  IV
A m in a t io n  o f  C y c l o p e n t a n e “

/---------------------------------Products, %-----------------------------—,
N-Cyclo-
pentyl-

Cyclopentyl- 6-Azabicyclo- 6-azabicyclo- Dicyclopentyl-
Substrate Temp, °C amine [3.1.0]hexane [3.1.0]hexane amine Yield,*1 %

Cyclopentane 15-18 6 66 24 4 54
Cyclopentane 3-7 25 19 47 10 43
Cyclopentene —10 to —15 9 23“
frans-l,2-Dichloroeyclopentane -5-0 5 15=

“ See Experimental Section, general procedure C. 1 Crude base. c Contained many unidentified components.

[3.1.0]hexane are believed to arise as shown in synthesis of 6-azabicycIo[3.1.0]hexane entailed four 
eq 4 and 5. The presence of 6-azabicyclo [3.1.0]- steps with an overall yield of 4 % .37-38 Aziridines

unsubstituted on nitrogen may be obtained in several

0NCh + steps in high yield from iodine isocyanate and olefins.39'40
\ NCI + /  \ NH Application of the general procedure to tertiary

I \ / )  I (4) alicyclic hydrocarbons which do not readily undergo
j -CI+ V h  -C1+ \ / 2 acid-catalyzed isomerization seems to constitute a

general method for effecting direct amination to the 
C) Cl corresponding f-carbinamine. The R itter reaction
| I normally employes carbinol and alkene-type sub-

j O  +H+ strates.41'42

Experimental Section43
Cl TT
j ^  Materials.—Most reagents were used as received after their

N</ S ) - hci /"'-|\XT /  q /c, purity had been checked by glpc analysis. Methylene chloride
\__/ \__/ *" \ J w) was distilled from calcium hydride.

• Analytical Procedures.—Infrared spectra were obtained with a
hexane can be rationalized on the basis of the steps ®ei manMIR'8 sP f  ropho“ r neat samples or Nujol. . . /  mulls. Mass spectra were obtained on a Vanan M-66 mass
outlined in eq 3. Uyclopentenimme IS  the major spectrometer. All spectra were taken on samples purified by
product at 15—18°, suggesting that addition of the glpc. Gas chromatography was carried out with an Aerograph
nitrogenous nucleophile to 2-chlorocyclopentyl cation is Hi-Fi 1200 (column E), and a homemade unit (columns A-D):
involved. One would expect cyclopentene formation to ft l ° ' 3  n  n w w n f «  1°°° W  ° l 2 h£ n ° n c ^  P, V, , . . . .  (30-60 mesh; 5% NaOH); (B) 6 ft X 0.25 in., SE-52 (10%) on
increase with rise in temperature. Cyclopentemmine is Chromosorb P (30-60 mesh); (C) 5 ft X 0.25 in., SE-30 (3%) 
also produced, in low yield, from (rans-1,2-dichloro- on Var-A-Port 30 (100-120 mesh); (D) 11 ft X 0.25 in., Bentone-
cyclopentane, one of the chlorinated hydrocarbons found 34 (5%) and dioctyl phthalate (5%) on firebrick (60-80 mesh);
in the neutral portion of the reaction mixtures from ft *  Carbowax2.0M (1°%) 011 Chromosorb P
cyclopentane and cyclopentene. Imme formation with determined on a Thomas-Hoover capillary melting point ap-
vicmal dichloride as a precursor has been observed paratus. Galbraith Laboratories, Knoxville, Tenn., performed
previously.12 The amination of cyclopentyl bromide the elemental analyses.
gave similar results; however, the presence of cyclo- Preparation of Trichloramine Solution.—A published procedure 
nentenimine was not determined 12 (method B) was used with methylene chloride as solvent.4
P . . . Positive halogen analysis was carried out as previously de-

SynthetlC utlhty. In relation to synthetic utility, scribed ,4 Caution: Use the necessary precautions when working
the merits of certain examples from the present method with N-halamines.44 Trichloramine solution may be stored at
become evident on comparison with literature pro- —20° for l month without decomposition. Disposal can be
cedures. Several uncomplicated syntheses are known effe+ctued &  slowly adding to a cold dilute solution of sodium
which yield ¿rans-9-ammodecahn ;34■35 however, no Amination of Alicyclic Hydrocarbons. General Procedure A. 
simple method is available for preparation of the cis —The apparatus consisted of a 500-ml, three-necked flask
isomer. Thus, treatm ent of decalin with trichloramine- equipped with a mechanical stirrer, thermometer, condenser, and
aluminum chloride comprises the preferred route to a fuime.l below surface addition. A slow sweep of nitrogen

. r, - i  v *o  - i , i « j was maintained throughout the reaction. After a mixture of the
cts-9-ammodecahn. Similarly, m -8-am m ohydnndan alicyclic hydrocarbon (0.5 mol) and methylene chloride (2 mol)
may be obtained in one step from hydnndan. Several was cooled to 0°, aluminum chloride (0.2 mol) was added in one
alternative pathways are reported. The R itter reaction portion, producing a heterogeneous system. A cold solution of
on spiro [4.4 ]nonan-l-ol and A1 '6-bicyclo [4.3.0 [nonene trichloramine (0.1 mol) in methylene chloride was added drop-
give the desired m aterial,33 as does the Schmidt reac- wise durins 1 hr at the desired temperature. After 30 mm, the
tion with cfs-8-hydrindancarboXylic acid.25 The litera- (37) G. E. McCasland and D. a. Smith, J .  Amer. Chem. Soc., 72, 2190
ture methods entail the use of precursors which must be „ ............

. . . .  . . 1 .  . .  (38) P. E . Fanta, J .  Chem. Soc., 1441 (1957).
synthesized. Amination of cyclopentane provides (39) G Drefahi and k . p onsoid, chem . B er., ss, 519 (i960).
6-azabicyclo [3.1.0]hexane or N-Cyclopentyl-6-azabicy- (40) A. Hassneraml C. Heathcock, Tetrahedron, 20, 1037 (1964).

clo [3.1.0 Jhexane by simple ta c tio n a l distillation. In  « »  n,..
comparison with this one-step procedure, a prior eoo (1 9 5 7 ).

(43) We are grateful to Dr. M. L. Kowery for an authentic sample of 
(35) H. Shechter and D. K. Brain, J .  Amer. Chem. Soc., 85, 1806 (1963). N-cyclopentyl-6-azabicyclo[3.1.0]hexane, and to Dr. S. S. Chaudhary for
(36) H, Christol, R . Jacquier, and M. Mousseron, Bull. Soc. Chim. F r., authentic 1-amino-l-methyleyelopentane.

1027 (1957). (44) P. Kovacic and S. S. Chaudhary, Org. Syn., 48, 4 (1968).
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contents were stirred into a mixture of ice (400 g) and 75 ml of the organic product was taken up in ether and purified as in part
concentrated hydrochloric acid. The organic layer was separated a. The recovered acid, 14.9 g, displayed an infrared spectrum
and treated twice with 100-ml portions of dilute hydrochloric with strong absorption at 11.26 m and a smaller band at 10.29 n
acid. The aqueous fractions were combined, extracted with indicating isomerization from predominantly trans to mainly
ether, and treated with cold 50% sodium hydroxide. The amine cis. .
was extracted with ether and dried. Removal of solvent by c. m-9-Decalincarbonyl Chloride.—The crude as acid was
rotary evaporation was followed by distillation, usually through treated with thionyl chloride to produce the crude acid chloride
a Bantamware Minilab apparatus at reduced pressure. In some (99% yield) contaminated with some ¿rans-9-decalincarbonyl 
cases further purification was accomplished by means of a chloride.49
25-plate spinning-band column. m-9-Aminodecalin and N- d. m-9-Decalincarboxamide.—The amide was prepared
cyclopentyl-6-azabicyclo[3.1.0]hexane were isolated in purity from the acid chloride by reaction with ammonia gas. The crude 
greater than 99% by this procedure. yield was greater than theoretical because ¿raiis-9-decalmcar-

Water-Insoluble Amine Hydrochlorides. General Procedure bonyl chloride does not react under these conditions.60 The in-
B. —Procedure A was modified in the work-up. After completion frared spectrum confirmed the presence of the impurity. Re-
of the trichloramine addition and subsequent stirring, 75 ml of crystallization from hexane-benzene gave 5.6 g of white needles,
concentrated hydrochloric acid and 100 ml of water were added, mp 126.5-127° (lit.60 mp 129.7-130.5 ). A second crop (6.3
solvent was removed by distillation, and the mixture was heated g) was isolated from the mother liquor giving an 80% overall
to 95° during 1 hr. Procedure A was followed for the remainder yield of m-amide from the acid chloride.
of the work-up. e. cis-9-Aminodecalin.—A solution of 5.15 g (0.028 mol) of

Water-Soluble Amines. General Procedure C.—The aqueous cis-amide in 40 ml of methanol was mixed with a solution pre­
layer obtained as in procedure A was concentrated by rotary pared from 1.5 g (0.067 mol) of sodium and 48 ml of methanol.01
evaporation to a viscous, dark liquid. The amine was liberated Bromine (4.55 g, 0.028 mol) was added dropwise with magnetic
by treatment with 50% sodium hydroxide solution. stirring. The yellow solution was heated over steam for 20

Competitive Animations.—Procedure A was followed at ap- min, and then made acidic with glacial acetic acid. After the
proximately —20°. Molar ratios of trichloramine:aluminum methanol was removed by distillation, the urethan was thor-
chloride:cyclohexane:hydrindan of 1:2:5:5 and 1:2:50:5 oughly mixed with 23.4 g of calcium oxide and 15 ml of water,
were used. Glpc analysis (column A) with eyclopentylamine as The mixture was heated to about 95° to distil the amine, then 15
an internal standard afforded the product ratios. * ml of water was added and distillation was repeated. The dis-

Isolation of N,N-Dichlorocyclohexylamine.—Cyclohexane (54 tillates were combined, made acidic with concentrated hydro-
mi, 0.5 mol) and methylene chloride (128 ml) were placed in the chloric acid, and extracted with ether. The amine was liberated
standard vessel and cooled to -20°. After aluminum chloride by treatment with 50% sodium hydroxide solution, extracted
(0.2 mol) was added in one portion, 122 ml of trichloramine solu- with ether, and dried. Evaporation of the ether gave 3.4 g
tion (0.08 mol) was added dropwise between -20 and -15°. (79%) of pure m-9-aminodecaIin according to glpc analysis
The mixture was stirred for 5 min and then quenched in ice with (column A).
vigorous stirring. The organic portion was washed once with Hydrindan.—In a 1-1. stainless steel autoclave was placed 500
distilled water and dried. Removal of unchanged trichloramine g of indene and about 170 g of Raney nickel in 100 ml of absolute
and solvent afforded a yellow liquid which gave three fractions ethanol. After agitation for 48 hr at 210° in the presence of
on distillation. The second one, bp 66° (4 mm), was shown to be hydrogen (136 atm), the catalyst was removed by filtration and
N,N-dichlorocyclohexylamine (18%) by comparison of the in- the solvent by distillation. Rectification of the residue gave
frared spectrum with that of authentic material. (1) 230.4 g, bp 163-165°, of hydrindan (67.3%), indan (30.3%),

Product Identification.—The amines were identified by com- and unknown (2.4%); (2) 85 g, bp 165-170°, of hydrindan (31%) 
parison with authentic materials (glpc retention times and in- and indan (69%); (3) 65 g, bp 170-175°, of hydrindan (8%)
frared spectra), either obtained commercially or by synthesis. and indan (92%). Glpc collection (column D) of the products

1-Amino-l-methylcyclopentane.—Data for this compound was used in identification. The hydrindan parent ion was ob-
and its derivatives are given from the present work, Ritter served at 124 amu (10 eA ). Indan was characterized by infrared
product,45 46 literature, respectively: yield (%) 61, 40, 30;46 bp comparison with a published spectrum.62 Purification was ef-
[°C (mm)] 35-38 (20-25), 33-38 (23), 138 (760);46 hydrochlo- fected by sulfonation. A mixture of 219 g of fraction 1 and 440
ride mp (°C dec) 268, 268, 269-270;47 benzamide mp (°C) ml of 98% sulfuric acid was heated at 65° with a water bath.
122, 122, 122-123.46 After 25 min the layers were separated, and the organic portion

c?s-9-Aminodecalin.—Data for this compound and its deriva- was washed twice with dilute sodium hydroxide solution and
tives are presented from present work, authentic, literature,18 twice with distilled water. After drying, distillation gave 115
respectively: bp [°C (mm)] 74 (1.5), 70 (2), 82 (7); hydro- g of product (hydrindan 96%, and unknown, 4%), hydrindan,
chloride mp (°C, subl) ca. 315-320, ... ,  . . . ;  formate mp bp 167°, n26D 1.4705 (lit.36 cis, bp 167.8°, nwd 1.4720; trans,
(°C dec) 162-163, ... ,  165; acetamide mp (°C) 126-126.5, bp 161°, ni0D 1.4636).
127, 127; n24-5D 1.4949, . . . .  . . . .  cis-8-Aminohy drindan. a. 5-Hydrmdanol.—A stainless steel

Anal. Calcd for a's-9-aminodecalin hydrochloride (CioH20NC1): autoclave was charged with 5-indanol (100 g) and Raney nickel
C, 63.31; H, 10.63; Cl, 18.69; N, 7.38. Found: C, 63.47; (50 g) in 200 ml of absolute ethanol. The agitated contents were
H, 10.68; Cl, 18.53; N, 7.35. subjected to 123 atm of hydrogen pressure for 72 hr at 170°.

ds-8-Aminohydrindane.—Data for this compound and its Distillation gave 5-hydrindanol (70%), bp 112° (11 mm) [lit.63
derivatives are given from present work, authentic, literature, bp 119-120° (22 mm)].
respectively: yield (%)70, . .., 34;26 bp [°C (mm)] 80-82 (18), b. as-8-Hydrindancarboxylic Acid.—A known pathway was 
79-80 (18), 83-84 (20);25 mp (°C) 41-42, 42, 11 ;36 acetamide followed.63 Hydrindanol (65 g) and 97% formic acid (84.4 g) 
mp (°C) 88-89, 88-89, 88.36 were added dropwise over a 4-hr period at 9-14° to sulfuric acid

eis-9-Aminodecalin. a. 9-Decalincarboxylic Acid.—The de- (553 g). The crude acid (64%) was isolated after an additional
sired material was obtained by an available method.48 The in- 1.5 hr of stirring at 18°.
frared spectrum indicated that the acid (66% yield) was largely c. a's-8-Hydrindancarbonyl Chloride.—The acid chloride
trans (10.29 /*) with some cis isomer (11.26 m)-24 (73%) was obtained by interaction of the acid with thionyl chlo-

b. Cis-9-Decalincarboxylic Acid.—The 9-decalincarboxylic ride,
acid isomers (15 g) were mixed with 34 g of 88% formic acid, and d. cis-8-Hydrmdancarboxamide.—The amide was derived
the resulting paste was added in small portions with stirring dur- from the acid chloride by treatment in ether solution with an-
ing 30 min at 5° to a mixture of fuming sulfuric acid (135 g, hydrous ammonia gas. The product was recrystallized from
30%) and sulfuric acid (281 g, 98%).24 After 5 g of 88% formic hexane, mp 109-110° (lit.63 mp 110-111°).
acid was added dropwise, the reaction mixture was stirred for 1 e. cis-8-Aminohydrindan.—The procedure for cis-9-amino-
hr. The mixture was quenched in ice with vigorous stirring and decalin was used giving the desired amine in 46% yield.

(45) From 1-methylcyelopentanol. (49) W, G. Dauben, R . C. Tweit, and R . L. MacLean, ibid., 77, 48 (1955).
(46) R . Jacquierand H. Christol, Bull. Soc. Chim. F r., 596 (1957). (50) W. G. Dauben and J . 3 .  Rogan, ibid., 79, 5002 (1957).
(47) G. E . Lee, E . Lunt, W. R . Wragg, and H. J .  Barber, Chem.. In d . (51) E . S. Wallis and J .  F . Lane, Org. React., 3, 267 (1946).

(London), 417 (1958) (52) "Sadtler Standard Spectra,” Vol. 15, The Sadtler Research Labora-
(48) P. D. Bartlett, R . E . Pincock, J .  H. Rolston, W. G. Schindel, and tories, Philadelphia, Pa., Spectrum No. 15219.

L. A. Singer, J .  Amer. Chem. Soc., 87, 2590 (1965). (53) H. Koch and W. Haaf, Chem. Ber., 94, 1252 (1961).
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Anal. Calcd for C9HnN: C, 77.75; H, 12.22; N, 10.06. components, 3-methylcyclohexanone (71%) and 4-methylcyclo- 
Found: C, 77.45; H, 12.38; N, 10.16. hexanone (29%). The ketones were identified by comparison

The acetamide derivative (acetic anhydride reagent), mp with authentic materials (retention times in glpc analysis, col- 
88-890, was crystallized three times from acetone-water (lit.35 umnA).
mp 88°, stereochemistry not determined, apparently cis). 7-Azabicyclo[4.1.0]heptane, a. (±)-<raras-2-Chlorocyclo-

Identification of Dimethylcyclohexylamines.—Characteriza- hexanol.—A literature method was used.58 Treatment of cyclo-
tion was carried out on the major product from amination of hexene with excess hypochlorous acid gave, after distillation, a
cyclooctane. colorless liquid (63%), bp 85-88° (20 mm), ?i 26-6d 1.4864 (lit.58

a. N,N-Dimethyldimethylcyclohexylamines.—The literature bp 88-90° (20 mm)).
procedure64 involving 90% formic acid and 37%  formaldehyde b. (± )-frans-2-Aminocyclohexanol.—The nrocedure outlined 
gave the desired material, bp 54-57° (1.5 mm), in 85% yield (es- by Wilson and Read was followed,59 with the exception that the
sentially pure by glpc analysis, column A). amino alcohol was isolated by sublimation (at 60°), white needles,

b. N,N,N-Trimethyldimethylcyclohexyl Ammonium Iodides. mp 66.5-67.6° (lit.56 mp 65°).
■—Treatment of the product from procedure a with methyl iodide c. 7-Azabicyclo [4.1.0] heptane.—The method of Paris and
afforded the quaternary ammonium iodides in 71% yield,66 mp Fanta29 gave a colorless liquid, bp 150° (lit.29 bp 149-150°).
203.5-204°. The infrared spectra of this product and the amination product

c. N,N,N-Trimethyldimethylcyclohexyl Ammonium Hydrox- were in agreement with the published spectrum.29
ides.65—Silver oxide (23.2 g , 0.1 mol) was added to a mixture of N,N-Dichlorocyclohexylamine.—A published procedure was
75 ml of distilled water and 14.85 g (0.05 mol) of the quaternary used.12 Distillation of the crude product afforded N,N-di-
ammonium iodides at 2°. After being stirred for 3 hr at 2-5°, chlorocyclohexylamine (67%), bp 65° (3.7 mm), n26D 1.5064
the liquid mixture was freed of excess silver salts by filtration and [lit.60 bp 89-90° (17 mm)]. Infrared analysis showed NCI
concentrated by rotary evaporation at 4 mm (water bath at absorption at 690 cm-1,61 but no NH stretching or deformation.
35°). The product contained 99.9% of the theoretical amount of posi-

d. Pyrolysis of N,N,N-Trimethyldimethylcyclohexyl Am- tive chlorine according to iodometric titration.
monium Hydroxides.66—The dark red product from procedure 6-Azabicyclo[3.1.0]hexane, a. (±)-fraras-2-Chlorocyclopen-
c was transferred to a 50 ml flask attached to an Ace Glass Mini- tanol.—The method of Coleman and Johnstone was followed.68
Lab distillation apparatus equipped with two traps, first, Dry Cyclopentene with excess hypochlorous acid gave a colorless
Ice-acetone, and next, liquid nitrogen. The base was decom- liquid (49%), bp 89° (25 mm), n26D 1.4805 [lit.37 bp 75-85° (15
posed under nitrogen by slowly heating with an oil bath while mm), ni3D 1.4795].
maintaining a pressure of 20-25 mm. Reaction appeared to b. 1,2-Epoxycyclopentane.—Application of a literature pro-
occur at 73°, and by 90° all the contents of the pot had distilled. cedure62 to product a gave a 67% yield of colorless liquid, bp

The material in the traps and receiver was combined. The 100-102°, n24-5D 1.4340 (lit.37 bp 99-102°, ?i23d 1.4330).
organic layer was separated from the aqueous phase, and then c. (±)-frans-2-Aminocyclopentanol Hydrochloride.—1,2-
washed with distilled water. The aqueous portions were com- Epoxycyclopentane (7.5 g) was shaken in a stainless steel auto- 
bined, extracted with ether, and the ether extract added to the clave with 100 ml of concentrated ammonium hydroxide for 2
organic fraction which was dried. The olefin (52% from the hr at 70-80°. The amino alcohol was liberated by the addition
amine) was subjected to glpc analysis (columns B and C) which of sodium hydroxide pellets and extracted with ether. After
revealed only one major peak. The infrared spectrum showed removal of ether, the amino alcohol was dissolved in dilute hydro­
strong absorption at 1651 cm-1, characteristic of a double bond chloric acid and vacuum distilled to dryness, giving tan crystals
exocyclic to a cyclohexane ring.66 (50%), mp 180° (lit.37mp 193-194°).

e. Dehydrogenation of Product d.—A 100-ml stainless steel d. 6-Azabicyclo[3.1.0]hexane.—The method of Fanta was
autoclave was charged with 15 g of benzene, 0.5 g of the olefin, followed.38 The hydrochloride afforded the imine (52%) (glpc
and 0.25 g of 10% palladium on charcoal and shaken for 16.5 analysis, column E), bp 123°, n23-6D 1.4698 (lit.38 bp 122-123°,
hr at 175°. Glpc analysis (column D) revealed the indicated n22d 1.4700).
mixture, starting material (16.5%), p-xylene (22.4%), and m- . . , . . , AAOr- oc 1 l „
xylene (61.3%) The xylenes were identified by comparison Registry N o.— Tnchloraimne, 10025-85-1; aluminum
with authentic material. In a consol experiment in which chloride, 7446-70-0; decalin (cis), 493-01-6; cyclo- 
p-xylene was subjected to identical conditions, no »re-xylene was hexane, 110-82-7; cyclopentane, 287-92-3; cis-9-
formed; p-xylene was the only compound present other than aminodecalin (HC1), 24302-24-7; m-9-aminodecalin
^L^Ozonolysis of Product d.67—The olefin (2 g) in 3.4 ml of (acetamide), 24302-25-8; decalin (trans), 493-02-7.
dry pyTidine and 30 ml of methylene chloride was ozonized at Acknowledgment.- T h e  authors are indebted to Dr. 
-72° for 45 min (Welsbach Model T-23). After standing for b „ B . . , , .
hr the solution was washed with hydrochloric acid and then with S. S. Chaudhary for assistance during the initial stages 
distilled water. Glpc analysis of the dried product revealed two of this work.

(54) R  N Ieke B  B . Wisegarver, and G. A. Alles in "Organic Syntheses," (58) G. H. Coleman and H. F . Johnstone in ‘Organic Syntheses, Coll.
Coll. Vol.’ I l l ,  E . C. Horning, Ed., John Wiley & Sons, Inc., New York, N. Vol. I , H. Gilman and A, H. Blatt, Ed., John Wiley & Sons, Inc., New York, 
Y  1965 p 723. N. Y ., 1967, p 158.

(55) A. C. Cope, N. A. LeBel, H.-H. Lee, and W. R . Moore, J .  Amer. (59) N. A. B . Wilson and J .  Read, J .  Chem. Soc., 1269 (1935).
Chem Soc 79 4720 (1957). (60) L - K - Jackson, G. N. R . Smart, and G. F . Wright, J .  Amer. Chem.

(56) L J  Bellamy, "T h e Infra-red Spectra of Complex Molecules,” Soc., 69, 1539 (1947).
John Wiley & Sons, Inc., New York, N .Y ., 1966, p 37. (61) V. L. Heasley, P. Kovacic, and R . M. Lange, J .  Org. Chem., 31,

(57) J.-M . Coma and P. Leriverend, C. R. Acad. Sci., Paris, 250, 1078 3050 (1966).
(62) A. E . Osterberg in ref 58, p 185.
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A rom atic Oxygenation with Benzoyl Peroxide-Iodine1
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A study was made of the direct synthesis of aryl benzoates from benzoyl peroxide-aromatic-iodine at 90°.
After investigation of several reaction parameters, a standard procedure was adopted with toluene as substrate. 
Quantitative data were obtained for toluene, chlorobenzene, and anisole. The orientations and relative rates 
indicate that the substitution mechanism is similar to that previously established for the peroxide-cupric 
chloride reaction. Rates of peroxide disappearance were determined under various conditions. A chain sequence 
seems to be operative with halogen but not with benzoyl peroxide. The method appears to possess synthetic 
capability.

The literature describes various approaches to in- presented a method for the oxygenation of aromatic
vestigation of the peroxide-iodine system. In 1945, compounds involving an appropriate peroxide and
Perret and Perrot6 reported the formation of aryl cupric chloride. With diisopropyl peroxydicarbonate,
benzoates from reaction of benzoyl peroxide with aro- toluene afforded tolyl isopropyl carbonates in 85%
matic substrates in the presence of iodine. For ex- yield,16 and benzoyl peroxide gave tolyl benzoates in
ample, toluene afforded tolyl benzoates in 64% yield, 40% yield.16 A study19 of the effect of variation in the
accompanied by small quantities of o -  and p-iodotolu- catalyst demonstrated that iodine was relatively in-
ene. In  a similar manner, benzoyloxylation of several effective in the toluene-diisopropyl peroxydicarbonate-
arenes was subsequently effected by other investi- acetonitrile system.
gators.6-8 With only the two reactants, benzoyl Our main concern was to elucidate the mechanism of 
peroxide and iodine in carbon tetrachloride, Hammond aromatic oxygenation with benzoyl peroxide-iodine,
and Soffer9 were able to isolate iodobenzene in high Investigation of a number of reaction variables was
yield. The preparative value of this technique10 was carried out, including several aromatic substrates,
subsequently improved,11 extended128- to other aryl Quantitative data were obtained for the orientations and
iodides, and enlarged in relation to the peroxide com- relative rates. Attention was also given to the synthetic
ponent.12b Alkyl iodides have been prepared11-13 in an utility,
analogous fashion, e . g . ,  1-iodooctane from pelargonyl
peroxide. An investigation11 of the benzoyl peroxide- Results and Discussion
iodine reaction in a variety of solvents revealed that . .
aromatic compounds exerted a deleterious effect on exploration of several reaction variables,3 a
iodobenzene production. Thus, benzoate esters were standard procedure was adopted entailing benzoyloxyl-
generated in a competing process when anisole, benzene, atlon f° r 2° hr at 90 , Wlth a tolllene: Peroxide: iodine
and chlorobenzene served as the media. The lack of ratl° of 12.6:1:0.21, the same relative concentrations
requisite quantitative information in the existing employed by Perret and Perrot.6 Under these homo­
literature for aromatic oxygenation with the peroxide- conditions, toly benzoates were formed in 60%
iodine combination precluded any meaningful mecha- ^ie d (based on peroxide), 50:20:30 o r t h o : m ela :para;
nistic interpretation 13a benzoic acid was formed in 78% yield and carbon di-

Previous reports14-19 from this laboratory have oxide in 37% yield; small amounts of benzene, bibenzyl,
bipnenyl, methylbiphenyl, phenyl benzoate, lodoben-

(1) P a p e r  xii o f a  se rie s o n  a r o m a tic  o x y g e n a t io n .  zene, o- and p-iodo toluenes, and benzyl iodide were
(2) T o  w h o m  c o r r e s p o n d e n c e  s h o u ld  b e  a d d r e s s e d  a t  t h e  D e p a r t m e n t  o f  a l g 0  f o r m e d . T h e  m a t e r i a l  b a l a n c e  b a s e d  O n  C a r b o n

C h e m is t r y ,  U n i v e r s i t y  o f W is e o n s in -M ilw a u k e e , M ilw a u k e e ,  W is .  .

(3) F r o m  t h e  P h . D .  T h e s is  of C .  G .  R .,  C a s e  W e s te r n  R e s e r v e  U n i v e r s i t y ,  dlOXlde Units Was 175%, and the amount OI iodine
1969- consumed was 62%. The earlier workers6 reported no

(4 ) N S F - U R P  p a r tic ip a n t ,  C a s e  W e s te r n  R e s e r v e  U n iv e r s it y ,  s u m m e r  -r* • , , • 1  ,1968 specific orientation data.
(5) a . P e r r e t  a n d  r. P e r r o t ,  ffe tv . ch im . Acta, as, 5 5 8  ( 1 9 4 5 ) .  The findings from alteration in the catalyst: peroxide

Tj™-Oviedo, Rev. F a c .c ie n c .,  3, 28 (1962); chem .  ratio are get forth in Table I. The yield of ester 
Abstr., 5 9 , 6 2 7 9  (1 9 6 3 ) .  ^

(7) M .  O .  G .  G a r c ia  a n d  J . M .  P e r tie r r a , An. Real Soc. Espan. Fis. Quim., d e c l i n e d  W h e n  t h e  T a t l O  W R S  J.6SS t h a n  0 . 2 1  a n d ,  a t

Ser. b , 68, 4 3 5  ( 1 9 6 7 ) ;  chem . Abstr., 6 7 , 9 9 8 1 0  ( 1 9 6 7 ) .  h i g h e r  v a l u e s ,  r e m a i n e d  e s s e n t i a l l y  c o n s t a n t  o r  p e r h a p s

(8) G .  S .  H a m m o n d , J .  Amer. Chem. Soc., 7 2 ,  3 7 3 7  ( 1 9 5 0 ). „ „ „ „ . j  +"U U  * T  , * p j
(9) G . S .  H a m m o n d  a n d  L .  M .  S o ffe r, ibid., 7 2 ,  4 7 1 1 '( I 9 6 0 ) .  P a S 3 e d  t h r 0 U g h  a  m a x i m u m .  L o W  T a t l O S  f a V O r e d

d o )  c .  d . H a ll ,  c h e m .in d .  ( L o n d o n ) ,  38 4  ( 1 9 6 5 ). p r o d u c t s  d e r i v e d  f r o m  b r e a k d o w n  o f  b e n z o y l o x y

(1968) L S Sllbert' D' Swern- and T- Asahara> J - 0re- Chem., 33, 3670 radicals, indicating that iodine exerts the net effect of
( (12)' (a) f . d . Greene, g. r . Van Norman, j . c. Cantriii, and r. d . countering decarboxylation. The figure 0.13 represents
Giiiiom, md., 2s, 1790 (1960); (b) y. Ogata and k. Nakajima, Tetrahedron, 62% of the iodine employed in the standard procedure,
20’,,t3,’ 2731 (i 96̂ h, , , „ TT, . „ „„ which is the amount consumed in the reaction. I t  is

( 1 3 )  J . W . H. O ld h a m  a n d  A . R .  U b b e lo h d e , J .  Chem. Soc., 36 8  ( 1 9 4 1 ) .  ,  .  -  ,  . .  .

( 1 3 a )  Note Added in Proof.—S e e  S . H a s h im o to ,  W .  K o i k e ,  a n d  M .  O b V I O U S  that this l e v e l  of iodine must be augmented for
Y a m a m o t o ,  Bull. chem . Soc. J a p .,  4 2 , 2 7 3 3  ( 1 9 6 9 ) ,  fo r  a  r e c e n t  c o m - maximum efficiency in oxygenation. Hammond8 noted
“ S T e . K u r z  a n d  P .  K o v a c i c ,  J .  Amer. Chem. Soc., 8 9 , 4 9 6 0  ( 1 9 6 7 ) .  1 1 1  &  S i m i l a r  t h a t  t h e  Q u a n t i t y  o f  e s t e r  p a S S e d

( i s )  p .  K o v a c i c ,  c .  g . R e id ,  a n d  m . e . K u r z ,  j .  Org. Chem., 34, 3 3 0 2  t h r o u g h  a  m a x i m u m  d u r i n g  d e c o m p o s i t i o n  o f  t h e  p e r -  

( 1 969>- „  o x i d e  i n  b e n z e n e  c o n t a i n i n g  i o d i n e .
(1 6 ) M .  E .  K u r z  a n d  P .  K o v a c i c ,  ibid., 33, 19 5 0  (1 9 6 8 ). . , ,  ,  . .  / r n  , ,  T TX

( 1 7 ) M .  E .  K u r z ,  P .  K o v a c i c ,  A .  K .  B o s e ,  a n d  I. K u g a j e v s k y ,  /. Amer. > »nation 1 1 1  the toluene: peroxide ratio (Table II)
Chem. Soc., 9 0 , 1 8 1 8  (19 6 8 ).

(18 ) C .  G .  R e id  a n d  P .  K o v a c i c ,  J .  Org. Chem., 34, 330 8 (19 6 9 ). (19 ) M .  E .  K u r z  a n d  P .  K o v a c i c ,  ibid., 33, 2 6 6  (19 6 8 ).
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T a ble I features of a plausible mechanism are presented (eq
Variation in the Catalyst : P eroxide R atio3 1-4).

------------------------“ A t --------------------- ' Bz.Oi .■ 2BzO - (1 )
peroxide, . — Tolyl benzoates-------- , zoic By- _  „  ___ _

M  Yield 0  m p acid products' CO* ----- B z U i +  1 • (2 )

1 -00<* 57 49 11 40 89 1 13 j.
0 .5 2 5  6 3  4 6  18  3 6  8 9  2  10  C 6H 6 +  B z O ------- >■ [C 6H 6O B z] • — >- C 8H 5O B z  +  H I  (3 )
0.210 60 50 20 30 78 5 37 1
0  130  3 5  5 3  19 28  7 6  12  4 6  R m i m - ^ i u w x r  ^0 .0 8 4  16  5 4  16  3 0  7 8  21 10 0  B z O I +  H I  > - B z O H  +  Iz (4 )

0 .0 4 0 *  6  5 8  15  2 7  9 0  2 8  ™  , ,  .  . ,  , ,
, r,o , . „ . Thermal homolysis of benzoyl peroxide (eq 1) is° Toluene:peroxide = 12.6:1, 90 ±  2 , 20 hr. b See Expen- c „ , , ,. r , . ..

mental Section for yield basis. • Biphenyl, bibenzyl, and methyl- followed by combination of benzoyloxy radicals With 
biphenyl. d Heterogeneous. * Iodine color disappeared after iodine (eq 2) to produce benzoyl hypoiodite and iodine 
1  hr. atoms, in accord with the observations of Hammond

an d  S offer.9 O ne m ig h t e x p e c t th is  to  be a  reversib le  
p ro ce ss ,6 con sid erin g  t h a t  iodine a to m s  a b s tr a c t  iodine  

T able I I  fro m  a lk y l iod id es.22® F u rth e rm o re , o th e r a c y l d eriv a-
Variation in the T o lu en e : P eroxide R atio“ tiv e s  of iodine h a v e  been  re p o rte d , su ch  as I (O C O R )3 ,18

,---------------------------------Products, % b-----------------------— — , a n d  m a y  be p resen t. E q u a tio n  3  illu stra te s  a ro m a tic
T<>iu<®e: By- attack entailing the benzoyloxy radicals with subsequent

m  Yield o m v  acid uctsc rearomatization by iodine atoms to afford the aryl ester
2 5  5  0 2  52 17 31 96 7  and hydrogen iodide. This pathway is analogous in
1 9  1  5 3  5 0  1 9  3 1  9 1  0  some respects to that proposed for the peroxide-cupric
1 2 . 6  60 50 2 0  30 78 5  chloride reactions; 1 4 - 1 9  the basic similarity in the sub-
9.55 62 46 22 32 96 1 stitution process is supported by an essentially identical

° P ero x id e :io d in e  = 1:0.21, 90 ±  2°, 20 h r. 6 S ee  E x p e r i-  orientation from toluene ( o r th o :m e ta :p a r a  =  56 :1 8 :2 6
m en ta l S e c tio n  fo r y ie ld  b asis . ' B ip h e n y l, b ib en zy l, and  m e th y l- with cupric chloride) . 16 Although abstraction of al-
b ip h en y l. kane hydrogen by iodine atoms is not a facile pro­

cess,22® the favorable energetics of rearomatization 
should be taken into account. I t  is noteworthy that 

elicited little change in yield of the ester product. With hydrogen transfer between benzyloxy radicals and
large quantities of toluene reactant, a slight increase iodine appears to be exothermic. 23 During oxygena-
was observed in hydrocarbon by-products. The ratio tion, iodine could be regenerated subsequently by
could not be lowered below 9.55 owing to insolubility of radical recombination22b or by metathesis of benzoyl
the peroxide. Unfortunately, the presence of solvents hypoiodite and hydrogen iodide24 (eq 4), similar to the
such as acetonitrile, o-dichlorobenzene, or nitromethane, interaction of benzoyl hypochlorite with hydrogen
produced a dramatic decrease in yield. 3 chloride. 26' 26 A reviewer suggested that hydrogen

Quite significant information was obtained from a iodide might combine with benzoyl peroxide. Whereas
study of the rate of peroxide disappearance at 85° with a chain process nicely accounts for the tenfold rate
and without iodine. In the presence of iodine, per- increase in peroxide disappearance with copper salt
oxide decomposition displayed good first-order de- catalysis, 14 it is clear from the decomposition kinetics
pendence3 with a rate of 1.6 X  10-3 min-1. First- that such a sequence involving benzoyl peroxide is not
order dependence, with a rate of 1.7 X  10-3 min-1 , also occurring in the present case. At the same time, since a
pertained when the halogen was omitted. Hence, relatively small amount of iodine will suffice, a chain
little or no difference in rate under the two sets of reaction with halogen as a link appears to be operative,
conditions was detected. These values compare favor- Several alternatives for removal of hydrogen from the 
ably with that (fc =  1.55 X  10-3 min- 1  at 79°) pre- cyclohexadienyl radical deserve consideration. I t  is
viously reported for breakdown of the peroxide in possible that abstraction is effected by molecular iodine
benzene both in the presence and absence of iodine. 8 (or benzoyl hypoiodite) as illustrated in eq 5. This
Iodine is reported to produce a slight decrease in rate
(carbon dioxide evolution) for the decomposition of l  %  C J l .O B z  i H I  l I  (5 )
acetyl peroxide in carbon tetrachloride. 20 The use of
iodine as a radical trap, e.g., in preventing the induced possibility resembles the peroxide-cupric chloride
decomposition of peroxides, has been well docu- process wherein oxidative rearomatization produces
mented. 9' 21 esters, hydrogen chloride, and cuprous chloride. 14

T h e  o rg an ic ch e m istry  of iodine is co m p lica te d  b y  its  U n lik e  th e  co p p e r-ca ta ly z e d  sy ste m , h ow ever, iodine
v e rsa tility — th e  re a d y  in v o lv e m e n t in  ra d ica l re a ctio n s , a to m s  a re  in effective in  in d ucin g p eroxid e d ecom p osi-
th e  v a r ie ty  of o x id a tio n  s ta te s , its  a b ility  to  fo rm  tio n . S ince evid en ce exists  th a t  b en zo y lo xy  ra d ica ls
com p lexes, an d  th e  b eh av io r of possible b y -p ro d u cts , tra n sfo rm  th e  <r com p lex in  th e  la s t step  of a ro m a tic
su ch  as h y d ro g en  iodide. I n  lig h t of th e  p re se n t find­
ings, an d  b y  a n alo g y  w ith  re la te d  sy ste m s, th e  sa lien t (22) W. A. Pryor, “Free Radicals,” McGraw-Hill Book Co., Inc., New

”  ' ' '  " York, N. Y„ 1966: (a) p 190; (b) pp 63, 313.
(23) S. Nair and J .  B . de Sou3a, J .  Chem. Soc., 4464 (1962).

(20) H. J .  Shine, J .  A. Waters, and D. M Hoffman, J .  Amer. Chem. Soc., (24) J .  K . Kochi, B . M. Graybiil, and M. Kurz, J .  Amer. Chem. Soc., 86,
85 3613 (1963). 5257 (1964), and references cited therein.

(21) C. G. Swain, W. H. Stockmayer, and J .  T . Clarke, ibid., 72, 5426 (25) D. D. Tanner and N. J .  Bunce, ibid., 91, 6096 (1969).
(1950). We are grateful to Dr. Tanner for a preprint of the manuscript.
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substitution by phenyl radicals,27 the same pathway reactions (2.5 for benzoyl peroxide16 and 3.8 for peroxy-
may be involved to a minor extent in oxygenation. dicarbonate17), which emphasizes the mechanistic
Also, atomic iodine may add to 1 with subsequent loss parallel.
of hydrogen iodide (eq 6) in an overall scheme which With diisopropyl peroxydicarbonate-toluene in aceto­

nitrile, iodine was found to be an inefficient catalyst
t. , for oxygenation.19 Table IV summarizes the results

1 - U -  J  — ► c 6H5O Bz +  HI (6 )

I ' V \  Table IV
Oxygenation of T oluene

, . . .  „0 with Diisopropyl Peroxydicarbonate“
amounts to substitution by addition-elimination.28 . „  . „ ,  , .  ,,, . ArH, I2l ---------Tolyl isopropyl carbonates--------
Addition of benzoyl hypoiodite to the alkene function- moi moi Yield, % o m p
ality has been recorded.6 In any event, a catalyst 1 7  3  0 . 3  7b 48 30 2 2

characterized by efficient oxidizing power is evidently 1 7 .7  0 .2 1  36 58 17 25
present since this type of component appears to be 1 2 .6  0 .2 1  36 58 17 25
necessary for smooth operation.14’17’19 “ Peroxide, 1 mol, 60°. b A cetonitrile solvent, 150 m l; see

The by-products are typical of processes arising from ref 19- 
decomposition of benzoyl peroxide.27’29 Decarboxyla­
tion of benzoyloxy radicals gives phenyl radicals which from further investigations of oxygenation with this
may dimerize to give biphenyl, or react with toluene by system, which were obtained at 60° because of thermal
substitution or hydrogen abstraction. Benzyl radicals instability of the peroxide. Under neat conditions,
produced by the latter process account for benzyl iodide ester production was increased to 36%  with essentially
and bibenzyl. The small extent of side-chain participa- the same orientation as observed for cupric chloride
tion is not surprising since benzoyloxy radicals are (ortho :meta\para = 5 7 :1 5 :2 8 ).14 However, the yield is
known to display a much lower propensity for hydrogen appreciably greater with benzoyl peroxide, presumably
abstraction than do f-butoxy radicals.30 Phenyl ben- owing to the relative rates of decarboxylation of the
zoate is believed to be the result of a cage effect.81 isopropoxycarboxy and benzoyloxy radicals under these

Benzoyl hypoiodite presumably serves as the pre- conditions. It is mechanistically pertinent that the
cursor9-32 of iodobenzene in a manner similar to the orientations resulting from the two peroxides are similar,
formation of chlorobenzene from the corresponding At 60° in the presence of iodine, the rate of decomposi-
hypochlorite.26 By analogy with the orientation tion of the peroxydicarbonate in toluene3 was 5.73 X
observed in aromatic halogenation24 by benzoyl per- 10-8 min-1 compared14 with 6.45 X  10~3 min-1 for
oxide-lithium chloride and by the Hunsdiecker re- the uncatalyzed case at 50° and 6.6 X  10_2 min-1 in the
agent,32 we believe that the o- and p-iodotoluenes arise presence of cupric chloride.
via a pathway involving an electrophile12b derived from A number of other aromatic substrates possessing a 
benzoyl hypoiodite. Perhaps a Lewis acid, e.g., I2 or range of activities were scrutinized with benzoyl per-
HI, is exerting a catalytic effect.12b In a control oxide (Table V). Benzene afforded phenyl benzoate in
experiment in the absence of peroxide, aryl iodides were
not produced. Table V

Relative rate data for a few of the aromatic substrates Oxygenation of Aromatic Compounds
are presented in Table III. The minor amounts of with B enzoyl Peroxide- I odine“
phenyl benzoate formed from the peroxide in a side ,-----------------------Products, % b_______________ ,
reaction have a negligible effect on the validity of the ------—Aryi benzoates—----- - Benzoic
results. The figure for fctoluene/fcb„ ,  3.3, is very close Aromatic ™ d 0 m p a°id
to the values recorded for the cupric chloride promoted ,% lzcr‘e * ;  _  l l j

1 Chlorobenzene 25 47 2 1  32 49
Anisole 87 47 <1 53 95

Table II I  m -D im ethoxybenzene 54c’d 2,4 122
Relative Rates with B enzoyl Peroxide- I odine“.» a A rom atic:p eroxide:iod ine =  12.6:1:0.21, 90 ±  2°, 20 br.

[ArOiCCsHs]: » See E xperim ental Section for yield basis. c 2 ,4-D im ethoxy-
ArH: Temp, [CiHsOi-  ̂ phenol; the nm r spectrum  was in accord w ith this structure.

CeHe, M  C cc«H sJ Rel rate d 7 2 %  of the unchanged ro-dimethoxybenzene was recovered by
Toluene 0 .8 3 6  8 8  2 .4 6  2 .9 4  ±  0 .0 1 ti d istillation.
Toluene 0 .2 5 0  84 0 .9 3 5  3 .7 4  ± 0 . 1 5 *
Anisole 0 .8 2 0  89 5 .0 7  6 .1 9  ±  0 .0 5 “ • i j  u -i u i u j  j  i j
Anisole 0 .2 5 0  87 3 .6 4  1 4 .5  ±  0 .10« ')2/0 yieid while chlorobenzene produced only modest

. i amounts of an isomeric mixture of esters (for compari-
“ R elativ e to benzene. 6 T o ta l arom atic:p eroxide:iodm e =  , ,  _ .  ,

5 1 - 2 8 :1 :0 .2 1 ,  20 hr; see Experim ental Section. “ E a ch  value son, ortho. meta. pai a — 5 4 .1 3 . 33 from peroxydicarbon-
is the average of two or more runs in close agreem ent. d Average ate-cupric chloride*5 and, for benzoyl peroxide—cupric
for all toluene runs, 3 .34  ±  0.4 . «Average for all anisole runs, chloride33 at 60°, 52 :16 :32 ). The indicated yield

' order, from the present work and earlier studies,6
(27) G. H. Williams, "Hemolytic Aromatic Substitution," Pergamon >  t o lU e I le  >  c h l o r o b e n z e n e  >  n i t r o b e n z e n e ,

Press, New York, n . y „ 1960, chapter 4. co rre la te s  n icely  w ith  th e  electrop h ilic  c h a ra c te r  of
(2 8 ) p. Kovacic and j . a. Levisky, j .  Amer. chem. Soc., 88, iooo (1966). carboxy radicals.16 We observed the same type of
(29) D. F . DeTar, R. A. J .  Long, J .  Rendleman, J .  Bradley, and P. • ■! . j *  i •• i j .

Duncan, ibid., 89, 4051 (1967). relation sh ip  in  th e  stu d ies w ith  d n sop rop yl p e ro xy d i-
(30) c. Wailing and j . c. Azar, /. Org. chem.. ss, 3885 (1968). carbonate-cupric chloride.15 Thus, further support is
(31) T . Nakata, K . Tokumaru, and O. Simamura, Tetrahedron Lett., 3303

(1967). (33) e . Kurz and M . Pellegrini, unpublished work; we are grateful
(32) C. V. Wilson, Org. React., 9, 332 (1957). to Dr. Kurz for making available these data.
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provided for the proposed reaction scheme. Observa- indicate that the stability increases with increasing 
tions concerning the preparation of iodobenzene from electron donation by the substituent. Also, findings
benzoyl peroxide-iodine in various solvents are rele- concerning the influence of solvents led to the conclusion
vant.11 There was essentially an inverse relationship that 2 contributes to stabilization of the complex.38 
between iodobenzene formation and susceptibility of
the aromatic solvent to electrophilic attack (oxygena- (,)CHi OCH3 V +OCH3 OCH3‘
tion was observed as a competing reaction). For II II
example, in chlorobenzene the competing process was fQ ")—I2 —*■ K+f)—12'~ -*-► [T-jj fi+j| j —
claimed to provide 2- and 4-chbrophenyl benzoates in 2
equal amounts. Oldham and Ubbelohde also com- 2 3 4
mented that solvents such as toluene or xylene appear However] substitueilt  effects38 suggest that resonance
X/O r e a c t  w im  io d in e  a c v is .  _, • • , • • . i mi • i « .

w .,, • 1 u 1 participation is not pronounced. I he canonical form 3With amsole-benzoyl peroxide-cupric chloride,16 it which should be favored over 4 energetically, might
was oun a e yie o anisy  ̂ enzoa es ecreased possibly interact with a benzoyloxy radical followed by
nnT  i o  K  Wlth “  ln temperat' f C fr0n| loss of a proton.
, ° , . lC a , n 11 fl 0  an increased rate o One other aromatic ether, m-dimethoxybenzene, was

decarboxylation of the benzoyloxy radical at the higher explored. The crude este which was not isolated;
temperature. However, iodine as catalyst at 90° provided 2,4-dimethoxvphenol36 (54% overall yield) on
produced amsyl benzoates in 87%  yield, in part because hydrolysis
of the effect of the halogen in reducing the extent of A number 0f the prior investigators who observed 

ecar oxy a ion. n a 1 ion .0 t e avorable reac- aromatic oxygenation under related conditions com-
iyi y 0 , .fj.ar<|ma ^  (SU s e! f e high yield may also mented on the mechanistic aspects. By analogy to

reflect stabihzation of benzoyloxy radicals by complexing the behavior of oIefinS) Perret and P e r r o t 5 proposed
with the ether oxygen (c/. the interaction proposed initial addition of benzoyl hypoiodite to the aromatic
withbromobenzene34). , . ^  . nucleus. Rearomatization was then accomplished by

The orientations present an even more vivid compan- liberation of hydrogen iodide. Hammond8 hypothe-
SOn„_ ? 0xy£ eT o \ T  I muthc neat sysftem {orthiy: pm:a Sized that the ester is derived from benzoyl hypoiodite
=  65-82 :35-18) and in the P^sence of cupric chloride and aromatic substrate in an iodine-catalyzed reaction
(ortho:meta:para =  68: <  1 :3 2 )16 affords high ortho: which ig nonradical in nature. In benzoyloxylation of
paia ra 10s, jus as in e case o usopropyl peroxydi- chlorobenzene by silver bromide dibenzoate, an electro-
Q«ibi?nam rCUP?i,C chlonde [orth.°: metl ' Par°\ = 6 3 : < 1 : philic pathway involving C6H6C 0 2+ [Ag(02CC6H6)Br ] -
36 ).17 The ortho:para ratio from benzoyl peroxide- was suggested.4o However, it is evident from the
iodine, however, was found to be considerably smaller fcchIorobenzene/fcbenzene data (0.34 for the Bryce-Smith and
z.e., slightly less than one (Table V). In independent Clarke reagent4o) that the pr0cess is decidedly more
work entailing a similar system, equal amounts of the akin to free. radicai oxygenation16 (0.46) than to nitra-
ortho imd para¡ isomers were reported.11 The relative tion (0 03) Hence> a »complexed” C6H6C 0 2- species
rate data (6-15) for anisólei m . benzene (Table III) are appears to be a more likely participant,
close to that (10.4, c/.33 10 3) observed with copper salt Finally) a brief discussion of synthetic utility14.16 
catalysis (compare with 24.9 for peroxydicarbonate would be appropriate. In general, the peroxydicarbon- 
cupnc chloride).14 The decomposition of benzoyl ate_cupric chioride combination affords somewhat
peroxide at 87 in anisóle with iodine present displayed higher yields of oxygenated product. However, the
good first-order dependence, rate of 2.3 X  10 3 min l, present procedure, which represents an improvement
which is negligibly different from the value of 4.98 X  oVer the earlier method,6 employs the more readily
10 'n u n -1 for decomposition at 80 in the absence of available benzovl peroxide.
catalyst.30 In addition there is good correspondence to 
the data obtained in toluene.

Several interpretations of the anomalous isomer Experimental Section41
distribution can be advanced. Within the framework M ateria ls .— Benzoyl peroxide (9 8 % , E astm an ) and iodine
of the working hypothesis, it is possible to visualize (Fisher, resublim ed) were used as obtained. T h e  solvents and
participation of a bulky attacking species, thus making arom atic reagents, of high purity  by  glpc analysis, were used
for reduced entry at the ortho position. Since anisóle is directly . W e are grateful to the P ittsbu rgh P la te  G lass C o. for

., i , - ,  , .  generous sam ples of dusopropyl peroxydicarbonate.
quite prone to substitution, a somewhat less active 6  Aromatic Oxygenation. G eneral Procedure . - T h e  arom atic
radical moiety, such as C eH 5C ( = 0 ) — O6 — Is or reactan t (0.942 m ol) was placed in a three-neck flask equipped
CeHsCCk----12, but with an enhanced steric factor, w ith a stirrer, therm om eter-gas in let, and condenser. T h e flask
might be able to effect oxygenation. One should bear was immersed in a constant-tem perature bath and allowed to
in mind that appreciable variation in isomer distribu- ¡ _ o!5)157 m o f e a s  a d d ^ S e d  byb enzoyT  peroxide
tions for radical oxygenation can result from changes14.19 (17 92 g> 0 074 mol)) causing a m om entary tem perature drop to
in catalyst, solvent, time-temperature, or concentration 8 5 ° . A fter 20 hr, the m ixture was quenched by  pouring over ice

Alternatively, a charge-transfer phenomenon might ( 2 0 0  g ), and the layers were separated. As noted in certain
be involved. Studies36.37 of iodine-aromatic complexes cf es- ^  “ nt of iodine rem aining was determm ed b y  rem oval

of an aliquot from  the reaction m ixture. T h e organic layer from
(34) G. B. Gill and G. H. Williams, J .  Chem. Soc., 7127 (1965). th e  re a c tio n  m ix tu re  w as w ashed  w ith  sodiu m  th io su lfa te  solu-
(35) B . M. Lynch and R. B . Moore, Can. J .  Chem., 40, 1461 (1962). —
(36) L. J .  Andrews and R. M. Keefer, J .  Amer. Chem. Soc., 74, 4500 (38) S. U. Choi and B . Y . Lee, Daehan Hvmhak Hwoejee, 9, 161 (1965);

(1952). Chem. Abstr., 65, 3078 (1966).
(37) W. K. Plucknett and H. L. Richards, J .  Chem. Eng. Data, 8, 239 (39) P. Kovacic and M. E . Kurz, J .  Org. Chem., 31, 2011 (1966).

(1963); Y. L. Brownselland A. H. Price in “Molecular Relaxation Processes,” (40) D. Bryce-Smith and P. Clarke, J .  Chem. Soc., 2264 (1956).
Special Publication No. 20, The Chemical Society, London, 1966, p 83. (41) Boiling points and melting points are uncorrected.
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tion (150 m l), saturated  sodium carbonate (two 150-m l portions), was m aintained a t 8 5 ° . Aliquots (10 m l) were removed a t in ter-
and w ater and then dried over sodium su lfate. vals and quenched w ith ice. A fter the usual work-up procedure,

A portion of the reaction m ixture was concentrated  by  rem oval iodom etric analyses were performed w ith 0 .1 AT sodium thiosul- 
of m ost of the arom atic su bstrate under reduced pressure. A fter fa te . Control experim ents indicated th a t the peroxide was un-
the products were separated and collected by  glpc, the retention affected by  the standard work-up procedure,
tim es and infrared spectra were compared w ith those of authentic Analytical P roced u res. A. G as Chrom atography.— A hom e-
sam ples. In  this m anner, the benzoate esters, biphenyl, bi- made unit and a V arian M odel 1800 gas chrom atograph were
benzyl, m ethylbiphenyl, iodotoluene, and the chlorobiphenyls em ployed: block  tem perature, 2 5 0 ° ; in jector tem perature, 2 8 0 ° ;
were identified. T h e more volatile products, benzene, iodo- bridge cu rrent, 195 m A; sam ple size, 5 -3 0  /J, w ith the appro-
benzene, and benzyl iodide, were characterized on the basis of p riate attenuations for the hom e-m ade u n it; the block tem pera-
the glpc retention tim e and peak enhancem ent w ith authentic ture, 2 5 0 ° ; in jector tem perature, 2 7 0 ° ; bridge cu rrent, 150
m aterial. m A ; sam ple size, 5 -2 0  n\, w ith the appropriate attenuations for

T h e  combined aqueous ex tract, excluding the sodium thio- the V arian u n it. Tw o columns were used: (1 ) 6  f t  X  0 .2 5  in .,
su lfate w ash, was acidified w ith concentrated  hydrochloric acid 1 5 %  silicone grease (S E -5 2 ) on acid-washed Chrom osorb P  (3 0 -
(75 m l)-ice  (50 g ). T h e  crude benzoic acid was collected, 60 m esh), H e flow 60 ml/m in; and (2 ) 10 f t  by  0 .2 5  in ., 5 %
washed w ith cold w ater, and air-dried. E x tra ctio n  of the fil- Apiezon L  on acid-washed Chrom osorb P  (3 0 -6 0  m esh), H e flow
tra te  w ith ether, followed by solvent rem oval, afforded additional 60 ml/min.
crude benzoic acid which was combined w ith the first crop. In  B .  For Product Y ield s.— T h e benzoate esters and arom atic
general, the acid was not further purified. by-products were analyzed as previously described15 by  the

In  the case of m -dim ethoxybenzene, the reaction m ixture was m ethod of internal standards, m -di(isopropoxycarboxy)benzene
refluxed w ith 5 %  ethanolic potassium  hydroxide (150 m l) under except for anisole, in which case a-naphthyl isopropyl carb onate
nitrogen for 2 hr. A fter rem oval of m ost of the ethanol in  vacuo, was em ployed. G lpc column 1 a t  1 5 0 -2 0 0 °  was used for all of
the rem aining sem isclid m aterial was washed w ith w ater (150 the analyses. T h e yields are based on 1 mol/mol of peroxide,
m l), and the layers were then separated. T h e organic portion C . For Isom er D istributions.— A portion of the reaction  m ix-
was washed again w ith 1 0 %  sodium hydroxide (150 m l), and the ture was concentrated  by  rem oval of the residual arom atic
combined aqueous ex tract was acidified w ith concentrated  hydro- su bstrate under reduced pressure. T h e  m eta -p a ra  glpc peak was
chloric acid -ice . T h e  m ixture was then extracted  w ith ether then collected and su bjected  to infrared analysis (B eck m an  I R -
(two 150-m l portions), and the ethereal solution was washed w ith 8 ). T h e  m olar ratio  of the isomers was ascertained b y  com par-
1 0%  sodium bicarbonate (two 100-m l portions). A fter rem oval ing the respective intensity  ratios w ith plots of in ten sity  vs. mole
of m ost of the ether m  vacuo, d istillation of the residue afforded ratio  for known m ixtures of the two isom ers.
5 .2  g (5 4 % ) of the phenolic product (pure by  glpc, column 2 ) , bp D . For Carbon D ioxide.— T h e  indicated m odifications were
8 6 -9 0 °  (1 .2  m m ), along w ith 0 .3 3  g (4 % ) of residue. T h e p -  applied to  the general procedure. A slow flow of nitrogen was
nitrobenzoate derivative m elted a t 1 2 7 -1 2 8 ° ( li t . 42 mp 1 2 9 °) . m aintained throughout th e  reaction , and the exit gases were
A cidification of the basic extracts of the original reaction m ixture passed through a  preweighed A scarite tra p . In  some cases,
yielded 9 .21  g (1 2 2 % ) of crude benzoic acid . In  a sim ilar m an- where gas evolution was exceptionally vigorous, a cold trap  (D ry
ner, 1 .2  g of benzoic acid was obtained after hydrolysis of the Ice -a ce to n e) was inserted betw een the condenser ex it and the
ester by  acidification of the bicarbonate extracts. A scarite. T h e  difference in  w eight of the vessel plus contents

W here noted, the additives were introduced into the standard before and after reaction gave the am ount of carbon dioxide
reaction m ixture before the iodine and benzoyl peroxide. evolved.

A uthentic M ateria ls .— M ost of the products were com m ercially E . F or Competitive Oxygenation.— Glpc column 1 was used in 
available. T h e  benzoate esters were prepared b y  adaptation of all of th e  experim ents.
a  technique described for aryl isopropyl carbonate esters . 43 F .  For P erox id es.— Iodom etric m ethods were taken  from

Competitive O xygenation.— A fter the arom atic reactan ts were the lite ra tu re .44-45
equilibrated in the constant tem perature b a th , iodine and benzoyl
peroxide were added as in the general procedure. T h e  m olar Registry No. Benzoyl peroxide, 94-36-0; iodine, 
ratio  of to ta l arom atic:peroxide:iod ine was 5 1 - 2 8 :1 :0 .2 1 ,  w ith 7553-56-2; toluene, 108-88-3; chlorobenzene, 108-90-7;
a reaction tim e of 20 hr following peroxide addition. D u plicate anisole 100-66-3.
runs were performed in each com petition w ith excellent agree­
m ent- , . Acknowledgment.— We are grateful to the donors of

K in etic  Stu d ies. G eneral Proced ure.— A few m odifications the Petroleum Research Fund, administered by the 
of the general procedure for oxygenation were m ade, l h e  , . . . 0  . ,  , , T ,
quantities of the reactan ts were doubled, and the tem perature American Chemical Soc.cty, and to the National 
__________  Science Foundation for support of this work.

(42) K . R. Hargreaves, A. McGookin, and A. Robertson, J .  Appl. Chem. (44) F . Strain, W. E . Bissinger, W. R . Dial, H. Rudoff, B. J .  DeWitt,
(London), 8, 273 (1958). H. C. Stevens, and J .  H. Langston, J .  Amer. Chem. Soc., 72, 1254 (1950).

(43) D. S. Tarbell and E . J .  Longosz, J .  Org. Chem., 24, 774 (1959). (45) L. S. Silbert and D. Swern, Anal. Chem., 30, 385 (1958).
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Electrochem ical Studies of the Reactivity of Superoxide Ion 
with Several Alkyl Halides in Dimethyl Sulfoxide

M argaret V. M erritt  and D onald T. Sa w yer  
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Stab le  solutions of tetraethylam m onium  superoxide can be prepared in aprotic solvents b y  electrochem ical 
generation. T h is has provided a basis for a chronopotentiom etric study of the kinetics for the nucleophilic 
displacem ent b y  superoxide of halide from  alkyl halides to give peroxide radicals. T h e reaction is first order in 
superoxide and occurs w ith 1 :1  stoichiom etry. T h e  pseudo-first-order rate constants a t  28 ° for a  series of bu tyl 
chlorides in dim ethyl sulfoxide follow: n-butyl chloride, 3 .2  X  1 0 - 1  se c -1 ; sec-butyl chloride, 0 .6  X  1 0 - 1  sec-1 ; 
and ¿-butyl chloride, 0 .4  X  1 0 - 1  sec-1 . T h e rates of reaction for the bu tyl bromides and iodides are too rapid for 
q u antita tiv e evaluation of their ra te  constants.

The reactions of the superoxide ion with organic of organic species not readily accessible by more con-
compounds have not been studied extensively. Al- ventional techniques. The results indicate that super-
though both the sodium and potassium salts are oxide, under these conditions, behaves as a nucleophile
commercially available, their low solubility in organic rather than as a radical. Its nucleophilicity is stronger
solvents has limited investigations of their reactions.1 than previously reported.
Russell and coworkers have suggested that superoxide
is an intermediate in the oxidation of hydrocarbons in t,  e .., . , I. • i « Experimental section
b a s ic  d i m e t h y l  s u l f o x i d e . 2

The studies that have been made of superoxide reac- M ateria ls .— B ak er Analyzed reagent grade d im ethyl sulfoxide
tions have employed the solid salts in suspensions. ^ S O )  was used w ithout further purification. A cetonitrile,

Schmidt and Bipp- have treated p o t ™  »peroxide A ? , S K 7 b « V “ " “
as an ether suspension With benzoyl chloride to give chloride were obtained from  M atheson Colem an and B e ll and
dibenzoyl peroxide, and with triphenylmethyl chloride were used w ithout purification. Tetraethylam m oniu m  per-
to yield ditriphenylmethyl peroxide. These workers chlorate (T E A P ), D istilla tion  P rod ucts, was recrystallized three
did not observe a reaction with simple aliphatic alkyl times from water and drj ed+ at 100°- Tetrabutylammonium, bromide, Distillation Products, was recrystallized from ethyl
halides. acetate.

Le Berre and Berguer, who have studied the organic Equipm ent.—A ll electrochem ical m easurem ents were made us-
reactions of superoxides in detail, made similar observa- mg a  solid-state p o ten tio stat-am p erostat11 w ith a Sargent M odel
tions.4 They investigated the reactions of suspensions S R  strip  ch art recorder and a  M oseley M odel 7030-A  X - Y  re-

p , i v  . j  . , , , j  j, corder. Standard  tw o-com partm ent electrochem ical cells w ith
of potassium and sodium superoxides in tetrahydrofuran a three.electrode configuration were used. F o r controlled po-
and benzene with various organic materials. Their ten tia l electrolysis experim ents a large gold foil served as the
results indicate that the superoxide does not act as a w orking electrode. T h e chronopotentiom etric and cyclic
radical, but either as a mild reductant or as a very voltam m etric studies utilized a gold b illet sealed in a polyethylene
weak nucleophile. In terms of nucleophilicity, the tu b e (g o ld in la y  electrode) as the w o rk in g e lect rode. T h e  area

. . .  . ,  . . .  . y  . . of this electrode was determ ined b y  reduction of ferricyam de ion
solid superoxides react with triphenylmethyl chloride, j n water. An aqueous A g lA g C l reference electrode was used
but not with other alkyl halides under these conditions. which has been previously described ;7 its potential was 0 . 0 0 0
After nucleophilic attack, the resulting peroxide V vs. see. T h e  reference electrode was isolated from  the bulk
radical reactions were postulated to depend upon of the solution by  a fine fr it  and a l a p  platinum  gauze served as

, , .  v , .  the  isolated auxiliary electrode. A Sargent therm om tor was
substrate and reaction conditions. used regUia ê th e  tem perature of the w ater b a th  a t 28 .0  ±  0 .5 °

The electrochemical behavior of oxygen and the f0r th e  k inetic studies. An Aerograph A 90-P3 gas chrom ato-
superoxide ion in nonaqueous solvents has been studied graph was used to  d etect ¿-butyl hydroperoxide w ith two columns,
extensively.6-9 The results establish that the tetra- 6 %  didecylphthalate on firebrick and 1 0 %  X E -6 0  on Chromo-

alkylammonium »peroxides are soluble and.stable in a Ì T Ì . S
variety of aprotic organic solvents.8’9 The present was lined with Xeflon to preven t decom position of hydroperox-
paper summarizes the results of a preliminary investiga- ides,
tion of the reactions of tetraethylammonium superoxide
in dimethyl sulfoxide with alkyl halides. The study Results and Discussion
illustrates the use of electrochemistry to study reactions Previous investigations9 have shown that solutions of

(1) See I. Voinov, “Peroxides, Superoxides, and Ozonides of Alkali and SUperoxide in DMSO (0.1 F TEA P), formed by the
Alkaline Earth Metals,” translated by J .  Woroncow, A. W. Petrocelli, Ed., 6l6CtrOCh.Gm .IC8J rC Q U CtlO Il Oi OXygCU, Q.6C8.y 16SS tH RU
Plenum Press, New York, N. Y ., 1966, for a description of the properties of 3%/h0Ur. Such Stability indicates that this Solvent ÌS

8U(2)°G dA. Russell, E . G. Jansen, A. G. Bemis, E . J .  Geels, A. J .  Moye, S. Suitable for studies of the reactivity of SUperoxide.
Mak, and e . T . strom, Advan. Chem. Ser„ No. si, 112 (1965). Figure 1 illustrates cyclic voltammograms obtained

(3) M. Schmidt and H. Bipp, Z. Anorg. Allg. Chem., 303, 190, 201 (1960). fQr a g0luti0n of DMSO (0.1 F TEA P) Saturated with
(4) (a) A. Le Berre and Y . Berguer, Bull. Soc. Chim. Fr., 2363, 2368 , . ,  ,  , o i • i

(1966) ; (b) a . Le Berre and Y. Berguer, c .  R. Acad. s d „  Paris, 2 6 0 , 1995 oxygen, both m the absence and presence of sec-butyl 
0 9 6 5 ). chloride. (With cyclic voltammetry the peak current is

S  proportional to the concentration of the electroactive
(7) D. T . Sawyer and J .  L. Roberts, Jr ., J .  Electroanal. Chem., 12, 90 S p 6 C Ì6 S .) I l l  th .6  8J3S6I1C6 OI th .6  s J K y l  XlRllClG, t i l 6  r8> tl0  OI 

(1966).
(8) M. E . Peover and B . S. White, Electrochim. Acta, 11, 1061 (1966). (10) J .  O’Donnell, J .  Ayres, and C. Mann, ibid., 37, 1161 (1965).
(9) A. D. Goolsby and D. T . Sawyer, Ano!. Chem., 40, 83 (1968). (11) A. D. Goolsby and D. T . Sawyer, ibid,, 39, 411 (1967).
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Figure 1.—-Cyclic voltam m etry of oxygen in D M SO  (0.1 F  Figure 2 .— Chronopotentiogram  of oxygen in D M SO  (0.1 F
T E A P ) a t  a  gold billet electrode; sweep rate, 0.1 V  sec-1 ; --------, T E A P ), in  the presence of 0 .10  F  sec-butyl chloride a t  a  gold
voltam m ogram  taken in the presence of 0 .10  F  sec-butyl chloride. billet electrode; i, 40 ^A.

the anodic peak current to the cathodic peak current is consumed (calculated from the chronopotentiometric
1; i.e., the superoxide formed during the cathodic data) vs. moles of ¿-butyl bromide added yielded a
sweep does not react but can all be reoxidized when the straight line with a slope of one. This indicates that
potential sweep is reversed. In the presence of sec- the superoxide and alkyl halide react with a 1:1
butyl chloride the anodic peak current is reduced in stoichiometry. Similar experiments in acetonitrile
height, which indicates that some of the superoxide has (0.1 F TEA P) indicate that both «-butyl bromide and
been consumed by reaction with the alkyl chloride. By f-butyl bromide consume about 3.5 mol of superoxide/
comparing the ratio of i p (anodic)/tp (cathodic) for the mol of added alkyl bromide.
oxygen redox system in the presence of a variety of Figure 2 shows a typical chronopotentiogram of 
alkyl halides, the primary halides are found to react oxygen in DMSO (0.1 F TEA P) in the presence of sec-
faster than secondary species which react faster than butyl chloride. For a chemically reversible, diffusion-
tertiary halides; furthermore, iodides react faster than controlled redox system, the ratio of the reverse transi-
bromides. These results imply that the reaction of tion time, r2, to the time, ¿a, in which reduction has
superoxide with alkyl halides is a nucleophilic dis- occurred, is equal to 1/3, provided ¿a <  n , the transition
placement reaction. Although cyclic voltammetry can time for the reduction. In the absence of the alkyl
be used to determine the kinetics of reactions, it does not halide, the ratio is 1/3 for oxygen in this solution. The
appear to offer any advantages over chronopotentiom- ratio r2/fa is reduced, however, in the presence of the
etry for this system. halide. Hence, the extent of the decrease in this ratio

In chronopotentiometry the transition time, r, is is a measure of the rate of reaction with superoxide, 
proportional to the concentration of electroactive species In Figure 2, r3 characterizes the amount of chloride 

ir1 A n F D 1/* A C  3011 formed in the reaction of superoxide with sec-butyl
FA = --------gi-------  (!) chloride. The anodic behavior of halide ions at a gold

electrode in acetonitrile has been studied previously.12 
where n is the number of electrons transferred, F the Chronopotentiograms of DMSO (0.1 F TEA P) solu-
faraday constant, A the electrode area, C the concentra- tions of lithium chloride and tetrabutylammonium
tion of electroactive species, and i  the current. The use bromide exhibit E-./t values which are approximately
of chronopotentiometry permits the concentration of the same, respectively, as the F/0.22 values observed in
superoxide to be monitored in the reaction with alkyl reverse chronopotentiograms o: oxygen in the presence
halides. The diffusion coefficient, D, for superoxide in of an alkyl chloride and an alkyl bromide. Further-
this media has been reported previously.9 more, the ratio of (r2 +  r3)/ia is equal to 1/3. This

To determine the stoichiometry of the superoxide- indicates that the only reaction of superoxide is one in
alkyl halide reaction a solution of superoxide was which free halide is formed.
prepared by reducing oxygen at - 1 .1 0  V vs. see; the Testa and Reinmuth have described a method for 
solution was then degassed with prepurified nitrogen, obtaining kinetic parameters for homogeneous reactions
¿-butyl bromide was added in small amounts, the solu- between a substrate and a material generated chrono-
tion was stirred briefly, and a chronopotentiogram was potentiometrically.13 Their method involves measure-
recorded to measure the superoxide concentration. ment of the ratio of - 2/(a for various values of fa and i.
(¿-Butyl bromide was chosen because it appears to react Using this ratio in an analytical function, values of kt&
instantaneously with superoxide as determined by

\ a l j- £ l r  - l  (12) A. D. Goolsby and D. T . Sawyer, Anal. Chem., 40, 1978 (1968).
cyclic voltammetry.) A plot of moles of superoxide (13) A. c. Testa and W. H. Reinmuth, ibid., 32, 1 5 1 2  (I96 0).

2158 J .  Org. C h em ., Vol. 35, No. 7, 1970 Merritt and Sawyer



can be determined. Then, a plot of fcfa vs. ¿a yields a columns. On this basis, some hydroperoxide is con- 
straight line with a slope equal to fc. eluded to be formed from the superoxide-alkyl halide

DMSO (0.1 F TEA P) solutions of n-butyl, sec-butyl, reaction. ¿-Butyl hydroperoxide also has been detected
and ¿-butyl chloride have been prepared with each 0.10 by gas chromatography in acetonitrile and acetone in 
F in alkyl halide. A series of reverse chronopotentio- similar experiments, 
grams have been recorded for each solution at 28.0 ±
0.5° for various values of ¿a. The current density also Summary and Conclusions
has been varied over a minimum range of five for each
solution; in the case of ¿-butyl chloride, the range of . e data indicate that tetraethylammonium super­
current density has been ten. In all cases, the ratio of ox^ e reacts w'^ 1 alkyl halide by a nucleophilic dis-
Tz/tg, is a function only of ¿a and is independent of cur- placement of the halide to give peroxide radicals as the
rent density. This independence of current density initial product. The reaction is first order with respect
indicates that the reaction is first order in the electro- s u P e r o x id e ,  and occurs with 1:1 stoichiometry,
active species; i.e., superoxide.13 The pseudo-first- Furthermore, n-butyl chloride reacts faster than sec-
order rate constants, fc, for the reaction butyl chloride, which is faster than ¿-butyl chloride;

alkyl chlorides react slower than bromides and iodides. 
RC1 +  0 2" — i> R02- +  Cl-  (2) The results differ from those reported by Schmidt and

are, for n-butyl chloride, 3.2 X  1 0 "1 sec“ 1; sec-butyl Bipp3andby Le Berre and Berguer4 who did not observe 
chloride, 0.6 X  10-1 sec-1 ; and ¿-butyl chloride, 0.4 X  reactions for suspensions of potassium and sodium
10-1 sec-1. The rate of the reactions with any of the superoxide with alkyl halides. This difference prob-
butyl bromides or butyl iodides is too rapid to measure ably is related to the fact that alkali and alkaline earth 
by this method; i.e., r2 =  0. salts have a large effect on the reactivity of superoxide

Attempts have been made to detect hydroperoxide as with water6 and on its electrochemistry.6 The greater
an eventual product of the reaction to substantiate the reactivity of the tetraethylammonium salt implies that
belief that the initial product of the reaction is a ^  ma,y of synthetic utility. A preparative procedure
peroxide radical. The latter would abstract a hydro- for n̂e synthesis of tetramethylammonium superoxide
gen atom from the solvent or the electrolyte to form 18 available.14
a hydroperoxide. Large-scale, electrolyses have been Registry No.—Superoxide ion, 12185-08-9; n-butyl 
performed in which solutions of DMSO (0.1 F T E A P )- chloride, 109-69-3; sec-butyl chloride, 78-86-4; ¿-butyl
¿-butyl bromide are kept saturated with oxygen while chloride 507-20-0.
several hundred coulombs are allowed to pass through
the solution. Samples then have been injected into a Acknowledgment. This work was supported by the 
gas chromatograph and a material exhibiting the same National Science Foundation under Grant No. GP- 
retention time as that of an authentic sample of ¿-butyl 11608.
hydroperoxide has been detected with two different (14) A. D. McElroy and J .  S. Hashman, Inorg. Chem., 3t 1798 (1964).

Stable Carbonium Ions. XC IV . 1 Diprotonated Ketocarboxylic Acids 
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P roton ation  of a series of keto  acids has been studied in FSC hH -SbFs-SC h solution. O -D iprotonation was 
observed a t low tem perature. Tw o isom eric species were found for protonated acetylvaleric acid and 3- and 
4-benzoylbenzoie acids. A t higher tem peratures acety lbutyric, acetylvaleric, and 2-acetylbenzoic acids under­
w ent dehydration to  give the corresponding ketooxoearbonium  ions. N o cleavage reaction was observed for 
protonated  levulinic acid and 3-acetyl-, 4-acety l-, 3-benzoyl-, and 4-benzoylbenzoic acids even when solutions 
were heated  up to  + 5 0 “. Protonated  pyruvic acid underwent dehydration and decarbonylation to  give the 
m ethyloxocarbonium  ior.. M eth yl and ethyl acetoacetates in F S 0 3H -S b F 5- S 0 2 solution are diprotonated.
¿-Butyl acetoacetate cleaves w ithout observation of the protonated  ester to diprotonated acetoacetic acid and 
the trim ethylcarbonium  ion.

Our recent investigations of protonated ketones,3 S 0 2. No nuclear magnetic resonance study of pro-
carboxylic acids,4 and dicarboxylic acids6 lead us now to tonated keto acids has been reported in the literature,
study the protonation of a series of aliphatic and aroma- although a number of investigations of protonated 
tic keto acids in the super acid system, F S 0 3H -SbF5- carboxylic acids are known.6-10

(6) T . Birchall and R. J .  Gillespie, Can. J .  Chem., 43, 1045 (1965).
(1) Part X C III :  G. A. Olah and A. T . Ku, J .  Org. Chem., 34, 331 (1969). (7) H. Hogeveen, A. F. Bickel, C. W. Hilbers, E . L. Mackor, and C.
(2) (a) National Institutes of Health Predoctoral Research Investigator. Maclean, Chem. Commun., 898 (1966).

(b) NATO Postdoctoral Research Associate, 1967-1968. (8) H. Hogeveen, A. F . Bickel, C. W. Hilbers, E . L. Mackor, and C.
(3) G. A. Olah, M. Calin, and D. H. O’Brien, J .  Amer. Chem. Soc., 89, Maclean, Rec. Trav. Chim. Pays-Bas, 86 , 687 (1967).

3586 (1967); G. A. Olah and M. Calin, ibid., 90, 938 (1968). (9) H. Hogeveen, ibid., 86 , 809 (1967).
(4) G. A. Olah and A. M. White, ibid., 89, 3591, 7072 (1967). (10) M . Brookhart, G. C . Levy, and S. Winstein, J .  Amer. Chem. Soc„
(5) G. A. Olah and A. M. White, ibid., 89, 4752 (1967). 89, 1735 (1967).
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Results and Discussion protonated carboxylic acids,4'5 as a consequence of
TT -r, ■ structure II being the predominant species.

In the super acid system, FS0 3H -SbF5-S 0 2 ( magic
acid”), all keto acids studied are completely dipro- - 0H
tonated at —60°. When raising the temperature, we || /9\
are able to observe in certain cases cleavage to the CH3— C—CH2— Ci+ H
protonated ketooxocarbonium ions. X)

H
0 +OH n„  n
II .  II /■

CH3C(C.H2)„C02H FS°3H~6ooF—-̂  CHaC— (CHjk—C1+ The methyl and methylene protons of protonated
UH acetoacetic acid appeared at 8 3.67 and 5.53, respec- 

+ tively. These absorptions, although somewhat broad,
9H OH showed no couplings. A small additional peak at 8 9.66

CHjC— (CH2),j— cf+ ———— — > was also observed for protonated acetoacetic acid in
\ )H A F S 0 3H -SbF5-SO2, even though the precursor, ¿-butyl

+OH acetoacetate, had been distilled several times. No
|| + assignment of this peak is made at the present time.

CH3C (CH2)n C = 0  + H30  Levulinic acid (acetylpropionic acid) is also dipro-
tonated in F S 0 3H -SbF5-S 0 2 solution at - 6 0 ° .  It 

The following keto acids were studied in F S 0 3H - gives a well-resolved pmr spectrum with three singlet 
SbFs-SCh solution: pyruvic, acetoacetic, levulinic, 
acetylbutyric, and acetylvaleric acids as well as 2-acetyl-, 9
3-acetyl-, 4-acetyl-, 2-benzoyl-, 3-benzoyl-, and 4-ben- CH__c _ c h __CH2—COzH FS°3H~ŝ F';~soq
zoyl-benzoic acids. The pmr chemical shifts and ” 2 _6()0
coupling constants of diprotonated keto acids are sum- +qh OH
marized in Table I. ||

Protonated pyruvic acid was generated from the CH3 c  CH2 CH2 C^
sodium salt of pyruvic acid in F S 0 3H -SbF5 solution a b OH
diluted with S 0 2. The pmr spectrum showed the OH .
protons as a broad resonance at 3 15.0 at - 9 0 ° .  This absorptions at 8 15.5, 13 4, and 13.18 for the hydroxyl
indicates that the OH protons are exchanging with the P™tons. The lowest field singlet is due to the proton
solvent acid system, the resonance of which was also on ^eto oxyScn> and no coupling with the a protons 
broad. The methyl protons which showed no observable was observed. The two singlets of equal area at a
coupling appear as a singlet at 5 3.75 which is more hlSher field m the ,hydlT!xy ref lon are asi^ f d to the
deshielded than that of protonated acetone (5 3.45)3 protons on the carboxylic acid oxygens. The reason
and protonated acetic acid (5 3.18).4 The highly for the nonequivalence of the two hydroxyl groups is
deshielded singlet methyl absorption at 8 3.75, close to the same as that described for protonated acetoacetic
that found for diprotonated 2,4-butanedione (5 3.90),11 acid- The pmr spectrum of protonated levulinic acid
indicates that pyruvic acid is also diprotonated as shows the methyl singlet at 8 3.45 and the two methylene
shown in la. The pmr spectrum of pyruvic acid also triplets a and b at 8 4 25 and 3.85, respectively. Table
displays another small peak at 5 2.90 which is assigned  ̂ summarizes the chemical shifts and coupling con-
to the methyl protons of the monoprotonated species stants.
jk Protonated acetylbutyric acid at —60 shows the

H O = C <  proton as a singlet at 8 15.1 and the C 0 2H2 +

+V H  / P H tt

C H -C -C H  0+ "O +j|H a
V0H CH—C__ c —OH CH3—C—CH2—CH2—CH2—CO2H2+

^  protons as two singlets of equal area at 8 13.1 and 12.9.
These two singlets coalesced at —30°. The methyl 

Protonated acetoacetic acid was generated by cleav- protons appear as a singlet at 8 3.45. The methylene (a)
age of ¿-butyl acetoacetate in 1 : 1  M F S 0 3H-SbFs appears as a triplet at 8 4 .1 , the methylene (b) as a
solution diluted with S 0 2. The pmr spectrum of multiplet centered at 5 2.85, and the methylene (c) as a
protonated acetoacetic acid at —80 showed the proton triplet at S 3.5. At low temperature, —60°, the C -H
on the keto oxygen, C=O H +, at 8 16.8 which is at a protons show broadening and the coupling constants
much lower field than that of protonated aliphatic between the methylene protons were evaluated from a
ketones. This broad resonance could not be resolved spectrum recorded at —30°
even at temperatures as low a s —100°. The other two Protonated acetylvaleric acid at —60° shows the
smglet absorptions of equal area at 8 14.10 and 14.27 are +
assigned to the OH protons of the protonated carboxyl H O = C <  singlet at 8 14.5 and two C 0 2H2+ singlets at 
group. As in the case of protonated aliphatic carboxylic +
acids,4’5 the hydroxyl protons are in nonequivalent 9H OH
environments. This is interpreted, as in the case of q jj__0__CH ( H ( H ( H__C' +

3 2 2 2 2 \
(11) G. A. Olah and M. Calin, J .  Amer. Chem. Soc., 90, 4672 (1968). O H
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S 12.7 and 12.4 (equal area ratio) indicating that acetyl- with the phenyl ring. It  is expected that a strong
valeric acid is also diprotonated. No coupling was electron-withdrawing group on the ring of protonated

, . ,  , TTi  „  _ , , ,, ,, , benzoic acid would tend to prevent to some extent
observed between the H O = C <  proton and the a-alkyl such resonance interaction. This would make the
protons. Hence the structure of the diprotonated c _ () bond of the carb l 0 more resemble a
species could not be assigned (Ilia  or Illb ). The nmr double bond than ^  protonated benzoic acid itself.

spectrum shows another small peak in the H O = C <  This indeed is in accordance with our observations,
region (about y 20th the intensity of that at 5 14.5) at S 4-Acetylbenzoic acid in FSCbH-SbFs-SCh is also
14.2 which could possibly be due to another form of the diprotonated. The pmr spectrum shows two OH
diprotonated acetylvaleric acid (Ilia  or Illb ). Since singlets with an area ratio of 1 :2  at 5 14.8 and 13.1.

The higher field OH resonance is due to the OH of the 
protonated carboxyl group and the lower field OH is 
due to the proton on acetyl oxygen. The OH reso- 

0 + 0. nance of the carboxyl group could not be resolved even
__j!,___ CH CH CH__(4+ jj at a temperature as low as —100°. This is due to the

O fact that the inductive effect of the H O = C <  group is
y4  decreased as the separation of the two functional groups

Ula is increased. The aromatic protons gave an AB
U quartet centered at S 8.86. The chemical shifts are

+q-/  summarized in Table I.
|| /P \  Protonated 3-acetylbenzoic acid shows two singlet

CH3— C— CH2CH2CH2CH2— C(+ H resonance at 5 14.3 and 12.7 with a relative area ratio of
, 0  1 :2 . Again, the lower field OH resonance is assigned

to the proton on the acetyl oxygen; the higher field OH
IUb resonance is due to the proton on the carboxyl group

oxygen. These resonances are less deshielded than
,, . , . . . .  . . , , , , that of diprotonated 2- and 4-acetylbenzoic acid sincethe intensity of this peak is so low, no further study + * + J
could be made. The chemical shifts of the alkyl protons the H O = C <  and - C 0 2H2 groups of protonated
are summarized in Table I. 3-acetylbenzoic acid are not directly conjugated. The

The nmr spectrum of protonated 2-acetylbenzoic acid resonance of the OH protons of the carboxyl group is a
(Table I) in FS0 3TI-SbF5-S 0 2 solution12 at —60° singlet even at a temperature as low a s —100°. Table
shows two broad low-field absorption peaks at 5 13.53 I summarizes the chemical shifts, 
and 14.73, in the OH region. The higher field OH peak 2-Benzoylbenzoic acid is diprotonated in F S 0 3H -  
could be resolved into two singlets at S 13.43 and 13.97 SbF5 diluted with S 02. The pmr spectrum shows two
at —90°. This indicates, as in the case of protonted low-field singlets in the OIi region at S 13.3 and 12.9 for
simple carboxylic acids, that the two OH protons of the the proton on benzoyl oxygen and the carboxyl group,
protonated carboxyl group are nonequivalent, as in respectively. The chemical shift of the proton on

TTr .. . TTt  „   ̂ , benzoyl oxygen appears at a higher field than that of
structure IV. No coupling of the H O = C <  proton proto4 tedl _ aceg i benzoic acid (s 14.7 ). The reso-

f t , A  - -

% + H X OH OH

; o
H nance at S 13.3 is a singlet even at a temperature as low

IV as —100 ° . This is believed to be due to a low barrier to
rotation about the C— OH bonds of the protonated 

with either methyl or ring protons could be observed. carboxyl g™iP It is evident that the resonance
Hence the orientation of the proton on the acetyl interaction of the A nng and the protonated carboxy
oxygen could not be established. grf P  18 stlU ^bstantial. The positive charge of

It has been shown that protonated benzoic acid4-5 H(3==C < is substantially deceased by the resonance
gives only a singlet for the OH proton. This is ex- interaction with ring B, as shown above. The elec-
plained to be due to a low barrier of rotation about the tron-withdrawing ability of the protonated benzoyl
C— O bonds. Protonated benzoic acid would be ex- T 2 + , . , , ,
pected to have less double-bond character associated group C6H6C (= O H )- is not strong enough to prevent
with the C— O bonds than the protonated simple ali- the resonance interaction of ring A and the car oxy
phatic carboxylic acids, owing to resonance interaction £r°^P- x , . ,  , .
1 J The pmr spectrum of protonated 4-benzoylbenzoic

(12) A 4:1 M FSObH—SbFe solution was used for all benzoic acid deriva- acid shows two absorption peaks for the proton On the
tives. This solution was used in preference to the 1:1 M acid since, in the benzoyl Oxygen in a relative ratio of 60 i 40 indicating, aS
la tter solution, spectra were less well resolved particularly a t  higher tem pera- ,  I L -o ln n o «  3 tV in t  t w o  i s o m e r i c
ture. The spectra obtained in both acids were in other respects identical. m the Case Ot protonated ketones, that tWO ISOmeriC
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T a b l e  I

N m r  C h e m ic a l  S h if t s  ( in  P a r t s  p e r  M il l io n )“ and  C o u p l in g  C o n s t a n t s  (in  H e r t z ) o f  
P r o t o n a t e d  K e t o  A c id s  in  F S 0 3H -Sb F 5  S o l u t io n  

+OH
Temp, || + Aromatic

Keto acids °C —C- CO2H2 Hi H2 K3 Hi Hs H
+OH

1 || 3 .7 5
CHsC— C 0 2H 2+ (a) - 9 0  1 5 .0  1 5 .0  2 .9 0

+OH
1 || 2

C H 3C C H 2C 0 2H 2+ (b ) -  80 1 6 .8  1 4 .1  3 .6 7  5 .5 3
1 4 .3

+OH
1 || 2 3

C H 3— C C H 2C H 2C 0 2H 2+ (c) - 6 0  1 5 .5  1 3 .4  3 .4 5  4 .2 5  3 .3 5
1 3 .2  (t, 6 . 0 )6 (t, 6 .0 )

+OH
1 || 2 4 3

CHa— C C H 2C H 2C H 2C 0 2H 2+ (d) - 6 0  1 5 .1  1 3 .1  3 .4 5  4 .1  3 .5  2 .8 5
1 2 .9  (t, 7 .0 )  (t, 7 .0 )  (m )

+OH
1 || 2 5 4 3

C H 3— C— C H 2C H 2C H 2C H 2C 0 2H 2+ (e) - 6 0  1 4 .5  1 2 .5  3 .2 5  3 .7 0  3 .3 0  2 .1 0  2 .1 0
1 4 .2 0  1 2 .6  (m ) (m ) (m)

+OH

CH3 1 3 -4
I T T  + (() - 9 0  1 4 .9  1 3 .9  3 .7 5  8 .2 6 - 9 .2 0

CO2H2

ch3— c= oh

O  (g)
^  - 6 0  1 4 .8  1 3 .1  3 .7 5  8 . 8 6

C02H2

ch3

C=0H

f A t  (h) - 6 0  1 4 .3  1 2 .7  3 .6 3  8 .1 3 - 9 .4 6

k's" ' ’̂ C 0 *H2

+OH
II _

+C'Hs (i) - 6 0  1 3 .3  1 2 .9  7 .8 3 - 9 .1 3

C6HsC==0HX  1 3 .4
O  ®  —60 1 3 .1  1 2 .9 5  7 .9 0 - 9 .0 0

co2h2

CH
II

f ^ V C- C 6H5 _ 6 0  1 3  2  1 2 .7  7 .9 0 - 9 .3 0
O') 1 3 .0

co2h2

“ Referred to external T M S . 6 M u ltip licity : t  =  trip let; q, q u artet; m  =  m ultiplet.

species (V and VI) are present. The assignment of the was observed between this OH proton and ring protons,
two isomers could not be made, because no coupling Only a singlet is observed for the OH protons of the

+QH + protonated carboxyl group. As in the case of proton-
|| __  H9  ated 2-benzoylbenzoic acid, the resonance interaction

r^Ai— C—(  b \  — C—M  rillS A with the protonated carboxyl group is still
\ = /  I) \ = = / great.

3-Benzoylbenzoic acid in F S 0 3H -SbF5-S 0 2 solution 
t in® + 'OH is also diprotonated. The pmr spectrum of protonated
J VI 3-benzoylbenzoic acid shows two singlets with relative
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T a b l e  II
N m r  C h e m ic a l  S h if t s  ( in  P a r t s  p e r  M il l io n )“ a n d  C o u p l in g  C o n s t a n t s  (in  H e r t z ) o f  K e t o o x o c a r b o n iu m  I o n s

Temp,
Ketooxocarbonium ions °C Hi Ha Ha H* Ha He Ar H

1
+OH

C H 3— C C H 2C H 2C H 2C O + (a )  - 4 0  1 5 .5  3 .5 5  4 .2 0  4 .7 0  3 .1 0
(m ) (t, 8 )* (m )

i

+OH3

C H 3— C C H 2C H 2C H 2C H 2C O + (b )  - 2 0  1 4 .8 0  3 .3 0  3 .9 0  4 .5 0  2 .5 0  2 .2 0
(m ) (t, 7 .0 )  (m ) (m )

+ OH1
» ,

| ^ Y 'C^CHj (c) - 6 0  3 .8 5  8 .7 3 - 9 .3 0

+

“ Referred to external T M S . 6 M u ltip licity : t  =  trip let; m  =  m ultiplet.

ratio of 40 :60  for the proton on the benzoyl oxygen, Diprotonated levulinic acid is very stable. No 
indicating that two isomeric species (VII and VIII) are cleavage was observed even when the solution was

heated to a temperature as high as + 60°.
OH HO The cleavage reaction of diprotonated acetoacetic

/ ~ \  acid takes place slowly at 0° and gives a complex and
T JJ \— /  r If \ = /  yet unidentified mixture of products.

Protonated pyruvic acid undergoes cleavage at 
¿ q H + C02H2+ —20° to give the methyloxocarbonium ion (singlet at

2 2vn vin S 4.05). The cleavage reaction can be rationalized in
the following way.

present. Assignment of the two isomers could not be +(̂
made based on the present data. As in the case of ii + _ H)0 || +
protonated 2- and 4-benzoylbenzoic acid, the protons of CH3—C—COOH2 —-> CH3—C—C = 0  —>
the protonated carboxyl group appear only as a singlet r= n +  j . rw ro+i__ =►. +ro 4- H +
at 5 12.7 which could not be resolved even at -1 0 0 ° .  °  +  1 J
Table I summarizes the chemical shifts. Protonated 2-acetylbenzoic acid undergoes dehydra-

Cleavage of Diprotonated Keto Acids to Protonated tion at + 10° to give 2-acetylphenyloxocarbonium ion. 
Ketooxocarbonium Ions.—The mode of cleavage of The proton on the acetyl oxygen is not observed, proba-
diprotonated aliphatic keto acids is dependent on bly exchanging with the acid solvent system. The
the distance between the keto and carboxyl groups. formation of the oxocarbonium ion is evident from the
Acetylbutyric and acetylvaleric acids undergo complete increase of the H30 + peak which appears at S 10.25 and
dehydration at 0° to give the corresponding protonated the increased deshielding of the phenyl ring protons of
ketooxocarbonium ions and an equimolar amount of the oxocarbonium ion. The chemical shifts are sum-
H30 + . marized in Table II.

+ 0 H  I - ™  +r>Hi| FSO.H-SbFs-SO* OH Y n
CH3—C—CH2—C—OR-----------------5- II / x l l  nu

0° — C— CH3 FS03H-SbF5-S02 friVI— C— OH3
+0H I U 1  *10»

II + /P H ^ / x c = 0
C H 3— C— (C H 2)„— C = 0  +  I I 30 +  \ J / .  +

n  =  3, 4  %
OH

An increase of deshielding is observed for all the . . .  , ,i„
protons of protonated ketooxocarbonium ions. The Protonated 2-benzoylbenzoic acid undergoes de- 
largest deshielding is observed in the methylene protons hydration and acylation at room temperature to give
next to the carbonium carbon.^ The chemical shifts diprotonated anthraqumone which gave an nmr spec-
and coupling constants of the protonated oxocarbonium trum identical with that obtained from the authentic
ions are summarized in Table II. material.

Protonated 3- and 4-acetylbenzoic acid and 3- ana
(13) The possibility that the ions formed might be protonated cyclic ions, 4_benzoylbenzyic acid are very stable. No indication

suoh as for the formation of the ketooxocarbonium ion was
* j?11 observed even when the solution was heated to

f 0 + 60°.
Protonated alkyl acetoacetates.—Methyl, ethyl, and 

¿-butyl acetoacetates) were examined in F S 0 3H -SbF5-
is ruled out based on this observation. In the cyclic ion one would expect gQ2 solution. At —80° tWO loW-field peaks in the
that the methylene and the methyl protons originally next to the protonated Lv4rnxvl rea:ion Were observed for both protonated
keto group would be deshielded substantially. J J &

Stable Carbonium I ons J .  Org. C h em ., V ol. 3 5 , N o . 7 , 1 9 7 0  2163



T a b l e  I I I

N m r  C h e m ic a l  S h if t s  (in  P a r t s  p e r  M il l io n ),» and C o u p l in g  C o n s t a n t s  ( in  H e r t z ) o f  
P r o t o n a t e d  K e t o  E s t e r s  o f  C a r b o x y l ic  A c id s  in  F S 0 3H -S b F 5- S 0 2 S o l u t io n  a t  —60°

Acetoacetates Hi H2 Hi Hi H5 Hi H7

+OH +OH

C H 3C C H 2C O C H 3 (a ) 1 6 .7b 1 4 .2  3 .6 6  5 .4 3  5 .0 5
3 4 5

1 2 
+OH +OH

II II
C H 3C C H 2C O C H 2C H 3 (b) 16 .3 " 1 3 .7  3 .6 3  5 .3 5  5 .5 0  1 .9 3

8 * E 6 (q, 7 .0 ) "  (t, 7 .0 )
“ R eferred  to external T M S . b Observed below —80°. “ M u ltip licity : q, =  q u artet; t, =  triplet.

methyl and ethyl acetoacetates, indicating that the A cetylvaleric acid was prepared by  the oxidation of 2-m ethyl- 

acetoacetates studied were diprotonated on the two f £ enT ° ne with chr°miC tri°xide in dUute sulfuric acid
carbonyl oxygens. At temperatures higher than - 8 0 ° ,  “  p. acetylbenzoic acid were prepared by  the hydrolysis
the proton on acetyl oxygen could not be observed, and 0f the corresponding cyanoacetophenone ,15 w hich in  tu rn  was

prepared by  m eans of 'h e  Sandm eyer reaction 16,17 from  the 
O Q corresponding am inoacetcphenone. m -Benzoylbenzoic acid  was
II II FS0jH-SbFs-S0 2 prepared by  the reaction of benzoic anhydride and benzoyl chlo-

CH3 C CH2 C OR Igo» *" ride in the presence of zinc chloride a t high tem p eratu re .18
R  =  CH3, C2H- Sp ectra .— A V arian Associates M odel A-56/60A nm r spectrom -

+q j j  eter w ith variable-tem perature probe was used for all sp ectra .
|| P H  Preparation of Protonated  K eto  A cids.— Sam ples of protonated

p r r __p __ p x r___q Y+ keto acids were prepared by  dissolving approxim ately 1 .5  m l of
3 2 \\ F S 0 3H -S b F 5 (1 :1  M  solution) in an equal volum e of sulfur di-

OR oxide and cooling to —7 8 ° . T h e keto acids (approxim ately 0 .2
m l) were dissolved in 1 ml of sulfur dioxide, cooled to  —7 8 ° , and 

the peak for the acid system is also broad, indicating an w ith vigorous agitation slowly added to  the F S 0 3H -S b F 5 acid
occurrence of proton exchange. No coupling was solution. T h e  acid solution was alw ays in large excess as in­
observed between the hydroxyl protons with either the dicated b y  the large acid peak a t about s 10.9 to  12 .0 .

acetyl or methylene protons; hence the orientation of Registry No.—'Table I— a, 24621-23-6; b, 24621-24-7;
the OH protons could not be established. Chemical c, 24621-25-8; d, 24621-26-9; e, 24621-27-0; f,
shifts and coupling constants of the protonated aceto- 24621-28-1; g, 24621-29-2; h, 24621-30-5; i. 24621-
acetates are given in Table III. 31-6; j, 24621-32-7; k, 24621-33-8; Table II— a,

Protonated ¿-butyl acetoacetate could not be observed 24621-34-9; b, 24621-35-0; c, 24605-68-3; Table I l l -
even when solutions of ¿-butyl acetoacetate in F S 0 3H - a, 24621-36-1; b, 19220-71-4.
SbF6-S 0 2 were prepared and examined at —80°. The
pmr spectra obtained corresponded only to protonated Acknowledgment. Support of this work by a grant 
acetoacetic acid (see previous discussion) and ¿-butyl from the National Institutes of Health is gratefully 
cation (singlet at S 4.2). acknowledged.

(14) L. Ruzicka, C. F. Seidel, H. Schinz, and M. Pfeiffer, Helv. Chim. 
F v n p r i m o n t i i l  Q o r t i n n  A d a • s l > 427 ( !9 4 8 ).nxpenmeniai section (15) w K Detweiler and E D AmstutSi j. Amer. Chem, soc., 7 2 , 28 8 2

M ateria ls .— W ith  the exception of acetylvaleric acid and 4- (19/(c!'xr t> , „  , ,  . . .  _ „„ ,
acetylbenzoic, 3-acetylbenzoic, and 3-benzoylbenzoic acids, all ■•Practical Organic Chemistry,” 3rd ed, 1962, p 607. 
the keto acids were comm ercially available m aterials and used (17) f . Ahrens, Ber., 20, 2955 (1887).
w ithout further purification. (18) O. Dohner, Ann., 210, 278 (1881).
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Dye -Sensitized Photochem ical Autoxidation of 
Aliphatic Amines in Nonaqueous Media
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R eceived  N ovem ber 10, 1969

T h e reactions involved in photosensitized autoxidation of mono-, di-, and tributylam ine in organic solvents 
have been identified by  exam ination of the reaction  products. T h e  predom inant initial oxidation process is 
dehydrogenation in each case. Subsequent m ajor reactions include (1) hydrolysis of imines to lower alkylated 
amines and aldehyde, (2) /3-oxidation of N -alkylidene groups to give hydroperoxides which lead to  form am ides 
or a-ketoaldehyde derivatives, and (3) addition of hydroperoxide to  interm ediate imines followed by base- 
catalyzed rearrangem ent to  amides. Several other reactions have also been established. T h e  reactions of 
hydrogen peroxide w ith these amines in the dark tak e sim ilar courses to a m inor extent, N -oxidation being the 
m ajor result.

Dye-sensitized photochemical autoxidation is of mately constant, (2) dark, oxygen-absorbing reactions
great interest as a possible technique for chemical were obviously contributing to the observed rates, (3) in
utilization of the energy of visible light. Our own no case could oxygen absorption be brought to corn-
attention has focussed on sensitized autoxidation of pletion, and rarely were sharp rate changes evident, (4)
nitrogen compounds and particularly on alkylamines, product analyses showed no simple correlation with the
substrates which have received considerable study since amount of oxygen absorbed, and (5) the reaction
Gaffron's original work in 19271 and which in recent product mixtures were extremely complex almost from
years have become of practical importance in amine- the outset. Inasmuch as many of these experiments
activated photopolymerization processes.2 were carried out at concentrations close to those

The extensive literature on both anaerobic photo- reported by others, we doubt that published data of
reduction of dyes by amines and dye-sensitized autoxi- this kind can have more than crude qualitative value at
dation of amines was very helpful in our approach to present.
this field, but it was evident that the published work We have attempted to reduce this very complex 
fails to provide a basic understanding of the processes problem to practical dimensions by concentrating on
involved or indeed a consistent description of the identification of the autoxidation products derived
phenomena to be observed. The major part of the from mono-, di-, and tri-n-butylamine and from this
published experimental work on autoxidation consists knowledge attempting to deduce the basic oxidation
of measurements of the rate of oxygen absorption under processes. In preliminary experiments, it was found
illumination. Such data show the relative reactivities that dye-sensitized autoxidation in aqueous solution
of different substrates, and general agreement has been caused stepwise dealkylation, BU3N —► Bu2NH —►
reached that in water or in ethanol amines obey the BuNH2, and formation of butyraldehyde. We chose
reactivity order, tertiary >  secondary primary.3,4 to avoid the occurrence of the hydrolytic steps which
Surprisinglv, there has been no comment on the ob- these results implied by conducting the autoxidation in
servation of Gaffron that the order is primary, secondary organic solvents where, indeed, more interesting solvent
»  tertiary in acetone or pyridine. Oxygen-uptake interaction might be expected. These reactions have
measurements have also led to conclusions regarding proven to be much more complex than anticipated and
the ultimate oxygen—amine stoichiometry which, how- to proceed through initial stages not evident in earlier
ever, has commonly appeared to vary with the solvent work. However, nearly all aspects find precedent in
and with the experimenter.3 -5 From such work have other amine-oxidation processes.
come two basic, but conflicting, oversimplifications In most of this work, rose bengal has been used as 
which have long influenced thinking in this area: the sensitizer with occasional recourse to ethyl eosin or
Weil’s recovery of trimethylamine oxide in fair yield hematoporphyrin base for greater solubility in methyl
after autoxidation of trimethylamine in water3 has been methacrylate. Our experience, partly described herein,
taken as evidence for a general mode of reaction, while together with the published literature has convinced us
Schenck has stated that aliphatic amines are attacked that the dyes which are effective sensitizers of amine
cleanly at a-methylene groups to introduce one hydro- autoxidation (e.g., eosin, rose bengal, methylene blue,
peroxide structure at each available position.5 In chlorophyll, riboflavin, etc.) act by a common mecha-
work which we shall not report in detail,6 we have also nism although with different efficiencies. We are not
attempted to measure the rates of oxygen uptake by concerned here with the details of the photoexcitation
amines in various solvents while concurrently monitor- and dye-recycling processes or with a close analysis
ing the composition of the reaction solution. This of the reaction rates,
approach was abandoned for several reasons: (1 )
rates were meaningless because in no «ase did the con- Results and Discussion
centration of the sensitizing dye remain even approxi- T •. • 1 • .

6 Autoxidation of n-Butylamme.— Initial experiments
(1) h. GaSron, Chem. Ber., 60, 2229 (1927). disclosed that dye-sensitized autoxidation of n-butyl-
(2) G.OstCTandN-L Vang 68,125 (1968) amine ^  in acet0nitrile, ethanol, or methyl meth-
(3) L. Weil and J .  Maher, Arch. Biochem. Biophys., 29, 241 (1950). v '  tvt i < v i i , i • /0 \ •
(4) W. R . Frissell, C. W. Chung, and C. G. Mackenzie, J .  B iol. Chem., a c r y l a t e  g a v e  N - b u t y l l d e i i e b U t y l a i l l i n e  \Z) 111 m g n

234,1297 (1959). yield as the first observable product. Measured rates
S  t  r ” - Of disappear»™  of 1 and appearance of 2 are shown in
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Figu re 1 .— A utoxidation of butylam ine in various solvents
(am ine eonen 0 .02  M ; sensitizer ooncn 1 X  1 0 - 4  M ):  O and • , Figure 2 .— A utoxidation of imines lim ine concn 0.02 M ;  rose
hem atoporphyrin, m eth y lm eth a cry la te ; □ and ■ , rose bengal, bengal concn 1.0 X  1 0 ~ 4 M ):  O, N -butylidenebutylam ine in 
aceton itrile ; V  and T , rose bengal, ethanol. aceton itrile ; • , N -isopropylidenebutylam ine in acetone.

Figure 1. Further oxidation of 2 produced complex hydrogen peroxide3 (possibly as H 0 2 • or 0 2-- ) n’12 from
mixtures which presented difficult identification prob- reoxidation of the reduced dye by oxygen, and a variety
lems. When acetone was used as solvent, the primary of peroxy radicals, hydroperoxides, and peroxides. In
amine was found to be nearly entirely present as some oxidation processes several of these may be
N-isopropylidenebutylamine (3) from the outset.7 equivalent. In others the reactions require specific
This ketimine is closely analogous to 2, and because the oxidant types. Five significantly different oxidation
two alkyl moieties in 3 are distinguishable, we chose to processes (a-e) are discernible.
examine its autoxidation products first. The rates of a- “Type I Photosensitized Oxygenation.” —This 
destruction of 2 and 3 are shown in Figure 2. The classification has been given by Schenck13 to hydro-
latter is slightly in error because of the presence of an peroxide-forming reactions which proceed by hydrogen
unresolved minor amount of 2 formed by displacement abstraction from the substrate, addition of oxygen to
of acetone from 3 by butyraldehyde, an observed the substrate radical, and transfer of a hydrogen atom
oxidation product. to the peroxy radical. His view6 that sensitized

Autoxidation of 3 in acetone produced an astonishing autoxidation of amines is such a reaction has been 
variety of low-molecular-weight products by the time widely accepted.14 The capacity of excited dyes to 
the ketimine had been completely destroyed, although
about 80%  of the material was lost as nonvolatile, \
probably polymeric tars. All of the appreciable \  d* N—CHR 0i
glpc-detectable products were identified, however, and N—CH2R /  +  — >
gave a fair picture of the reactions involved as well as /  ’ DH' 0 _ Q O—OH
the nature of the missing material. These identified \  | R#H \  |
products were butyraldehyde (4, ca. 0.1 mol/mol of N—CHR— >- N—CHR +  R'-
1), N-butylformamide (5, 0.1 mol), N-butylacetamide /  /
(6, 0.02-0.04 mol), N-butylbutyramide (7, 0.005-0.02
mol), NjN'-dibutyloxamide (8, 0.005 mol), 2,2-di- abstract hydrogen from amines (more precisely, a
methyl-6-propyl-4-piperidone (9, 0.03 mol), and N ,N '- process of electron abstraction followed by release of a
dibutylacetamidine (10, 0.01 mol). Fugitive inter- proton17) is well known from many anaerobic photore-
mediates also identified were 2 (0.1-0.2 mol maximum) duction studies.18a In the presence of oxygen, radicals
and N,N'-dibutyl-l,2-propanediimine (11, 0.05 mol thus produced could be expected to yield hydroperoxides
maximum). The yields of 6 and 7 nearly doubled as in a reaction analogous to benzophenone-sensitized
the oxidation product solution aged. Approximately autoxidation of isopropyl alcohol.!8b The semireduced
10 other products were present in smaller concentra- dye might react with oxygen,3 producing the hydra­
tions. It was significant, however, that the potential peroxy radical or be reoxidized by the peroxyamine
products, butyramide, N-formylbutyramide, dibutyr- radical, in which case no hydrogen peroxide-related
amide, N-isopropylformamide, and N-isopropylbutyr- species would appear. The latter would be in accord
amide, could not be detected. „ , „

rpi , J  ,  . . . .  ,  (11) J .  Weiss, Trans. Faraday Soc., 34, 451 (1938).
i  ne observed products can be rationalized as indicated (12) l. Lindqvist, Ark. Kemi, 16, 79 (i960),

in the overall view of Scheme I. The reacting system (13) G- °- Sohenck.Ind■ Chew.., 55, No. 6, 40 (1963).
probably contains several oxidizing species; excited t (l*) Recent demonstration of the quenching effect of tertiary amines
-t . ® , toward singlet oxygen, without chemical reaction,16 should restrain in-

O X yg6H  (ground stiRtiG Rnd excited Singlet) J®’ ^  vocation of this species as the reagent in dye-sensitized amine autoxidation.16
(15) C. OuanAs and T . Wilson, /. Amer. Chem. Soc., 90, 6527 (196S).

(7) This easy reaction seems unappreciated.» Ir  spectra show that, at (16) K . Gollnick, Advan. Phctochem., 6, 1 (1968).
concentrations below 0.4 M. less than 5%  free amine is present after 2 hr. (17) L. Horner in “Autoxidation and Antioxidants,” Vol. I , W. O.
2-ButyIamino-2-hydroxypropane is insignificant at equilibrium. Lundberg, Ed., Interscience Publishers, New York N Y  1961 p 171

(8) R . W. Layer, Chem. Rev., 63, 487 (1967). (18) (a) H. Meier, “ Die Photochemie der Organischen Farbstoffe,”
(9) C. S. Foote and S. Wexler, J .  Amer. Chem. Soc., 86, 3879, 3880 (1964). Springer Verlag, Berlin, 1963, p 91; (b) G. O. Schenck, H. D. Becker, K . H.
(10) E . J .  Corey and W. C. Taylor, ibid., 86, 3381 (1964). Schulte-Elte, and C. H. Krauch: Chem. Ber., 96, 509 (1963).
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S c h e m e  I

00H OH
°2 I I— ►HCONHBu + EtCHO Mo2C=NCHPc  »- MejC = NCHPr ► MejC=NCHPr

5 \ "
\ ( H, 0 ) /

OOH __________\ /  ,,
E-CHCH = NBU- i _  PrCH=NBU-^^- Me2C=NBU V i _ M e 2C=N-CH=CHE. /  Me2C=NH+ PrCHO

/ 2 3 ^  4
(ROOH) /  ---------------------  c  I./  /  CH2 = CMeNHBu -------► HOOCH2CMe=NBu ----- -►MeCONHBU
90R /  (Me2CO)/ CI /  \(HCHO) J 0PrCHNHBu J  N .  u +

d MeCOCH2CMe2NHBu CH2=NBu OCH-CMê NBu HCHO

1 ( ROOH) I
1

7 ROOCH NHBu I
f I HC =NBU HCrNBu+ ROH | j I u iMeCOCH2CMe2N= CHPr f (ROOH) 1“ I ---------

* MeC = NBu HOOCH2C = NBu
ÔOR HCONHBu u  ' |

Me2C 5 I
(y|g2 ''HHBo ROOCH-NHBu HC-NBu
q e | -Ro- j  ̂ iRooH) |

, 0 + CONHBu CONHBu
Ln2 Nrl /

| | Me2C + KCH0

CO CHPr Nnhbu d
VCH? j

9 OMe NHBu CONHBu
Me/ fBuNH2j Men I

N̂HBu ^NBu CONHBu
10 8

+ MeOH

D +  H02- from which a /3-hydroperoxide (A) will arise. As
02 ^  discussed below, an intermediate of type A is probably

/  involved in the formation of 11.
P)jj. b. Dehydrogenation.—Oxidation of aliphatic amines

. by a variety of methods22-26 has been shown to give
\  2‘ imines and enamines. Such an oxidative process could

D 1 ro—OH be responsible for the conversion of 3 to 4, an ambiguous
case. Clear examples of dehydrogenation were later 

with the fact that chain reactions have not been found with dibutylamine and tributylamine. Forma-
observed and also with our observation that dehalogena- tion of 9 in the autoxidation of 3 is logically attributed
tion of the sensitizers rose bengal and eosin does not to the steps shown in Scheme I. Dehydrogenation of
occur, as could be expected if the semireduced dye had the secondary amine formed by addition of acetone to 3,
an appreciable lifetime.19 followed by cyclization,27 accounts for the formation of

Radical attack on 3 may in this way give a hydro- 9. 
peroxide which might be degraded20 to butyraldehyde A plausible reaction of 3, or of an imine produced by
(4) via a hemiaminal (Scheme I), although we are amine dehydrogenation, is base-catalyzed addition of
inclined to favor an alternate route (see b below). hydrogen peroxide or a hydroperoxide.28 We suggest
Abstraction of an electron from 3 or its tautomeric that this is the probable source of the «-peroxides which
enamine21 can also give a resonance-stabilized ¡3 radical others have reported and which we require as inter­

mediates in the formation of various product amides
RCH,CE'=NBu RCHCR'=NBu (see a below)

. I _ e . 0, c. a,3 Cleavage of Immes. — this process has be-
I y _ H>+ T come well recognized as a pathway of autoxidation of

RCH=CR'—NHBu RCH=CR'—NBu
0 — OH (22) D. H. Rosenblatt, G. T . Davis, L. A. Hull, and G. D. Forberg, J .
j Org. Chem., 33, 1649 (1968).

RCHCR'=NBu (23) D. Buckley, S. Dunstan, and H. B. Henbest, J .  Chem. Soc., 4880,
A 4901 (1957).

(24) H. E . De La Mare, J .  Org. Chem., 25, 2114 (1960).
----------------------- (25) M. Masui, H. Sayo, and Y . Tsuda, J .  Chem. Soc., B, 973 (1968).

(19) G Oster G. K . Oster, and G. Karg, J .  Phys. Chem., 66, 2514 (1962). (26) (a) S. G. Cohen and R. J .  Baumgarten, J .  Amer. Chem. Soc.. 87,
(20) R . Hofmann, H. Hubner, G. Just, L. Kratzsch, A. K. Litkowez, 2996 (1965); (b) S. G. Cohen and R. J .  Baumgarten, ibid., 89, 3471 (1967);

W, Prilzkow, W. Rolle, and M. Wahren, J .  Prakt. Chem., [4] ST, 102 (1968), (c) S. G. Cohen and H. M. Chao, ibid., 90, 165 (1968).
show easy homolytic decomposition of hydroperoxides in basic solution. (27) (a) W. Heinz, Justus Liebigs Ann. Chem., 189, 214 (18 ), (
Reduction by 8 is an alternative demonstrated in the present work. O. Antrick, ibid., 227, 365 (1885).

(21) B . Witkop and J . B. Patrick, J .  Amer. Chem. Soc., 73, 2196 (1951). (28) E . Hoft and A. Rieche, Angew. Chem. Int. Ed. E n gl, 4, 524 (1965).
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imines and enamines,21'29a although the details remain oxidation of the initial amide products to diacylamides
uncertain. Hydroperoxides of the type A might cannot be appreciable;84'85 neither N-formylbutyramide
conceivably form transitory cyclic peroxides (B) which nor dibutyramide was detectable, 
undergo carbonyl-forming scission, or a fragmentation Other conceivable oxidation processes could be 
process might be involved.21'2915 In this way 3 gives involved, but no conclusive evidence pro or con can be
rise to 6 and formaldehyde. Similarly, 2 will be adduced. (1) 2-Butyl-3,3-dimethyloxazirane might be

obtained by epoxidation of the ketimine.28,86,87 This
0 — 0

R C H -C R '— NHBu — » RCHO +  R'CONHBu

B  -  Me2C-------NBu/  ROOHs *  1

A \  3 ^  t
0 — O il ^  + 0 — OH

RCH—CR'=NBu — *- RCHO + [HO-  +  R'C=NBuj H A X  „  I
Me2C— NHBu

oxidized to 5 and propionaldehyde. The latter can re- product would probably not be stable in the basic reac-
enter the degradation process, being converted to tion, mixture, however. Basic decomposition would
acetaldehyde and finally to formaldehyde as long as 3 give ammonia, acetone, and butyraldehyde; a radical
remains. Recently singlet oxygen has been shown to be oxidation process could lead to 6 .87 The oxazirane was
an excellent reagent for such enamine cleavage;80 its definitely not present in significant quantity in the final
involvement here provides a third possible mechanism. reaction mixture. (2) A nitrone might be a reasonable

d. Base-Catalyzed Peroxide-to-Carbonyl Elimina- product to expect. Such compounds are prone to
tion.—A well-documented mode of decomposition of
hydroperoxides in alkaline media is the elimination r o o h  ?

reaction81 (CH3)2C =N —C4H9------->- (CH3)2C=N —C4H9

RR'CH__OOH__ >■ RR'C_OOH__ >- RR'C_0  4 - OH-  dimerize in alkaline media, however, which would lead
to products of very low volatility.88 In any case no 

N-Butylbutyramide (7) must be formed by such a pro- glpc peak of substantial size was observed which could 
cess, following addition of a hydroperoxide to 2 .82 be attributed to this nitrone.

An intermediate hydroperoxide of type A provides a The formation of nonvolatile products from the bulk 
plausible mechanism for the early formation of 11. of the starting material is ascribed to base-catalyzed 

(base) (3) aldehyde and aldimine polymerization, aldehyde-amide
HO— O C H 2C M e = N B u --------->■ 0 = C H C M e = N B u  — >  condensation, oxidation of aldehyde to acid, and very

n  +  Me2CO possibly polymerization of oxazirane interm ediates.87
Returning to the photosensitized autoxidation of 

Such an oxidation product of an amine, imine, or en- butylamine itself, it is evident from the relationship in
amine has not previously been reported to our knowl- Figure 1 that this reaction must proceed predominantly
edge. The bisimine 11 is, of course, susceptible to by way of 2. We see little doubt that this involves the
further oxidation. To some extent this could take the dehydrogenation process (b above).89 Conversion of
route shown in Scheme I which leads to the observed
Product«- C4H9NH2 C3H,CH2NH2 —

e. Heterolytic Peroxide Cleavage and Baeyer- 1

Villiger Rearrangement.—The conversion of 3 to 10 C3H,CH—NH2— >- C3H7CH=NH
depicted in Scheme I is analogous to a rearrangement C3H7CH=NH +  1 — >  C3H7CH=NC4H9 +  NH3
observed as a side reaction in hydrogen peroxide oxida- 2
tion of dibutylafnine.88

Additional modes of oxidation of the ketimine could the radical to the imine could be a disproportionation
be postulated but were rejected as of no significance process40 or proceed by a second electron and proton (or
when the related potential products were shown not to hydrogen atom) abstraction. The aldimine would be
be present in detectable amounts. (1) The ketimine expected to react at once with starting amine,
apparently does not tautomerize significantly to the Examination of the products from autoxidation of 2 
isomeric aldimine, since neither N-isopropylformamide 111 acetonitrile, ethanol, or methyl methacrylate41 by 
nor N-isopropylbutyramide was found. (2) Further §iPc revealed no major differences, although only reac-

1 tions in acetonitrile were studied in detail. In this
(29) (a) H. B . Henbest and P. Slade, J .  Chem. Soc., 15S5 (1960); (b)

E . Schmitz, A. Rieche, and A. Stark, Chem. Ber., 101, 1035 (1968). (34) M, V. Lock and B . F . Sagar, ibid., B, 690 (1966); B. F. Sagar, ibid.
(30) (a) C. s. Foote and J .  W.-P. Lin, Tetrahedron"Lett., 3267 (1968); 428, 1047 (1967).

(b) J .  E . Huber, ibid., 3271 (1968). (35) (>, M, Burnett and K. M. Riches, ibid., B, 1229 (1966).
(31) A. G. Davies, "Organic Peroxides,” Butterworth and Co. (Publish- (36) H. Krimm, Chem. Ber., 91, 1057 (1958).

ers), Ltd., London, 1961, p 28. (37) W. D. Emmons, J .  Amer. Chem. Soc., 79, 5739 (1957).
(32) The influence of an a-amino group is uncertain. Decomposition by (38) R. Bonnett, R . F . C. Brown, V. M. Clark, I. O. Sutherland, and A.

a radical process may compete, leading to an a-amino alcohol20b and to an Todd, J .  Chem. Soc., 2094 (1959).
aldehyde, or the base-catalyzed elimination may be slow as suggested by the (39) Although dehydrogenation of 1 is not unequivocally demonstrated
gradual formation of 7. [Compare W. H. Richardson and R. S. Smith, J . by the immediate appearance of 2, this process is strongly indicated by the
Amer. Chem. Soc., 91, 3610 (1969).] The enhanced acidity of a 0 proton in less debatable dehydrogenations seen with dibutylamine and tributylamine.
a 0-peroxyimine such as A should favor elimination in competition with a,/3 (40) D. Mackay and W. H. Waters, J .  Chem. Soc., C, 813 (1966).
cleavage. _ (41) Methyl methacrylate reacts with 1 to give methyl 3-butylamino-2-

(33) A. A. A. R. Sayigh, and H. Ulnck, J .  Chem. Soc., 3144 (1963). methylpropionate, but this reaction is too slow to interfere significantly.
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S c h e m e  I I

b
BuNH 2 ------------ --  PrCH=NH PrCH = 0

1 /  4
(H20 Y

/  OOH

PrCH = NBu-------► eichch = nbu -------- ►  HCONHBu + eicho

2 I (rooh) 5
* d 1

b ° ° R '
PrCONHBu ------  ptchnhbu EtcocH = NBu----------EtC = NBu

7 / I f  f HC = NBu

'/  \ 15 y  c

0+ S  / ° \  / ° N  /
p^ hnhbu prCH-NBu EtCOCH— NBu EtCONHBu

16 13
a

NHBu O OOH MeCHO

HC PrCH - \  -  I mp, - i -  PrCH- NCOPr + HCONHBu

^ N B u  14 5

12

solvent virtually identical product mixtures were be 157, most logically CgHisNCh. The product 14,
obtained from 1, distilled 2, or 2 prepared in situ from which was more advantageously obtained as an autoxi-
equivalent amounts of 1 and 4. The results were dation product of dibutylamine, proved to be isomeric
similar to those discussed above for 3 in acetone, and with 16. These compounds are believed to be oxazirane
several of the same products were identified. However, derivatives as indicated in Scheme II. Alternative
in, this case strong evidence of the involvement of formulations for the relatively volatile isomer 16 are 18
oxazirane intermediates was found. Scheme II sum- and 19. Formation of 18 would require a dubious
marizes these results and indicates the occurrence of multistage oxidation, however. Rearrangement of 1443
processes a-e as discussed above. The added oxazirane- might conceivably give 19 which cannot be ruled out
forming oxidation is indicated as f. All of the oxidation with complete confidence. In any case, the formation
processes of Scheme I have their counterparts here with of an oxazirane structure is required to explain the
the exception of the formation of 9. However, this product, and this is the basic point to be made. Con-
reaction, too, may have a parallel in the formation of a sequently, it is probable that 2-butyl-3-propyloxa-
minor amount of 3,5-diethyl-4-propylpyridine (17) zirane (25) is also present. It  may in fact account for
which was detected in the mass spectra of various an observed species, m/e 141, in the mass spectrum of 
partially resolved fractions (see below). crude 16. (Loss of oxazirane oxygen, 157 -*■ 141, might

The major glpc-detectable products present after occur, but this is not a cleavage observed with 2-butyl- 
autoxidation of a 0.4 M solution of 1 in acetonitrile for 3,3-dimethyloxazirane.)
24 hr (essentially complete destruction of 1 and 2)
were 5, a compound tentatively identified as 2-butyryl- 0  0  /( ) - || r r ° \
3-propyloxazirane (14), and a mixture of N,N'-dibutyl- / \ __J  print PrC\I II / NH
formamidine (12) and the acetamidine 10. An inter- r " 0 —N PrCO
mediate product (15) was also observed to reach a 18 19 20
maximum yield of about 15% when 1 was about half q
destroyed, but it was not detectable in the final mixture. j JK
Compound 15 was not isolated in sufficiently pure or P r C H = N  COPr PrCONH Cl I C IIE t
stable form for satisfactory identification, but its glpc ‘ ' 11 ~ x -   ̂ *■
characteristics and other behavior were very similar to 22
those of 11, and it is eminently reasonable to identify it
as N,N'-dibutyl-l,2-butanediimine. +

. In ,the course of experiments to identify IS, a pre- EtCOCH2NHCOPr E t C O M B u
viousiy unseen compound (16) was discovered as a major
component of the distilled concentrate containing 15. 23 24
Compound 16 was not a significant component of the
autoxidation mixture and may have been formed in the Assignment of the structure 14 to the less volatile
distillation itself.42 Its molecular weight was shown to C8H15N 0 2 isomer rests on the following groun s

glpc behavior is suggestive of an N,N-disubstituted
(42) A. Padwa, J .  Amer. Chem. Soc., 87, 4365 (1965), has described a ,1QR7,

stable 3-acyloxazirane. ( « )  E . Schmitz and S. Schramm, Chem. Ber., 100, 2593 (1967).
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amide (20, 21, 22, and 23 would have much longer autoxidation reactions, more reactive intermediate
retention times). Such a product is a very likely one to products may be efficient traps for the peroxide, as 2
be produced by autoxidation of 25 which is probably proves to be. The dehydrogenation reaction leading to
present during the reaction. The nitrone 24 remains a 2 demonstrates the capability of the peroxide to initiate
weak possibility. concurrent dark free-radical reactions leading to the

In the course of a brief study of the properties of 25 same products as observed in photosensitized autoxida-
prepared by an authentic procedure, it was found that tion.46 The ratio of 7 to 5 here is much higher than in
heating at 150° caused the formation of 17. This autoxidation, reflecting the greater probability in this
probably proceeds by way of an enimine.37 The same system of addition of peroxide to the imine structure

compared to the radical process c.47 The major part of

P \  OOH
/  \  4 1 d

PrCH— N Bu — > EtCH— CH— N = C H P r  P rC H C N H B u  — >  7  +  H20

' 2 5  P r C H = C E tC H = N — C H = C H E t \\,o. /

i
P r  H P r  OOH

E tY y E t E t  X / E t E tC H C H = N B u  — >- E t(^ H C H = N B u  — >■ 5 +  E tC H O

the substrate, as in autoxidation, was converted to 
17 nonvolatile products.

Interestingly, if the temperature was allowed to rise
. . .  . .  . . . ,, ; . ,  ,. to about 60°, hydrogen peroxide reacted in a very

intermediates could well be formed m the autoxidation different with i in acetonitrile, producing 10 in 
process44 and are reflected m the occurrence of an m/e about 80%  iekL Xhis seems best explained as hydro- 
1/7 species in the mass spectra of several product xide ion catalvzed addition 0f butylamine to the
tractions having appropriate retention times. nitrile eroun

The apparent absence of butyramide in the autoxida- S 1
tion product mixture from 1 provided further support C H 3CN  +  H 0 2-------->- C H 3C ( = N H ) 0 0 “ * j
for our persuasion that an a-hydroperoxy primary C H 3C (==N H )N H C 4H 9 +  H 0 2~
amine is not an important intermediate. ....  .

Oxidation of the Butylamines by Hydrogen Peroxide. N C 4H 9

—Hydrogen peroxide is probably produced during C H 3C (= N H )N H C 4H 9 +  1 — > C H 3C +  N H 3

dye-sensitized autoxidation of amines in the cyclic \
regeneration of the dye from its semireduced form. N H C J I S
Consequently it was significant to test its mode and i J
rate of reaction with the usual substrates. Unsensi- It had been noted that in the autoxidation of 3 in
tized reactions of 1, dibutylamine (26), or tributylamine acetone the reaction solution at no time contained an
(27) with hydrogen peroxide in acetonitrile were found iodometrically detectable amount of peroxide, although 
to occur readily at rates comparable to that of photo- autoxidations of the various substrates in other solvents 
sensitized autoxidation under our standard conditions. commonly produced major amounts of titratable 
In each case the same oxidation products were formed peroxide. Presumably the difference was owing to the
as had been identified in the autoxidation studies. ability of acetone to form hemiketal peroxides of much
Product ratios were altered, however, and previously reduced oxidizing power. Hydrogen peroxide in ace-
unobserved products of oxygenation at nitrogen reached tone was sufficiently active to be measured satisfactorily
substantial yields. by iodometry, but no reaction could be detected with 3

In acetonitrile the hydroperoxide anion tends to add in the presence of a threefold excess of hydrogen peroxide
to the nitrile group to give the peracetimidic acid anion, in 24 hr. This system thus offered an excellent op-
CH3C (= N H )0 0 ~ , which is recognized as a potent portunity to test the possibility of dye-sensitized oxida-
oxidant.45 As the expected by-product of oxidations tion by peroxides, a type of process which may be
by this species or as the product of its reaction with involved in any of the sensitized autoxidation reactions,
additional hydrogen peroxide, acetamide was formed in Such a reaction did occur under the usual photosensiti-
substantial amount in each of these experiments. zation without added oxygen, and substantially the

The aldimine 2 was clearly the initial product ob- same product distribution as in autoxidation was ob­
tained from 1. It was found to react considerably tamed.
faster than the primary amine with hydrogen peroxide, Reaction of 26 with hydrogen peroxide in acetonitrile 
about y 3 being converted to 7 and 5 in a ratio of about gave a substantial yield of N,N-dibutylhydroxylamine
4 :1 . A smaller amount of 1 presumably was oxidized (28) together with lesser amounts of 2 and its oxidation
to N-butylhydroxylamine and this to butyraldoxime, products. Oxidation at nitrogen was also an important
an identified product. Oxygenation at the nitrogen reaction with 27, giving tributylamine oxide in 43%
atom is probably an appreciable reaction of peroxide in yield. Accompanying dehydrogenation produced N -l-
this system because of its high concentration. In butenyldibutylamine (29) which in turn gave 4 and 26

in major amounts.
(44) A referee has pointed out that 1,4 cycloaddition of singlet oxygen

r°TT:tv n ==CH~ N = C H P r WOUld provlde an alternative source of the (46) Weil* was able to show such participation of hydrogen peroxide
8 16( compounds. during methylene blue-sensitized autoxidation of nicotine in water.
(45) G. B. Payne, Tetrahedron, IS, 763 (1962). (47) c. Mentzer and Y. Burguer. Bull. Soc. Chim. Fr„  218 (1952).
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Figure 3.— A utoxidation of d ibutylam ine in various solvents Figure 4 .— A utoxidation of tribu tylam ine in various solvents
(amine concn 0.02 M ;  sensitizer concn 1.0 X  1 0 “ 4 M ):  O and (am ine concn 0 .02  M ;  rosebengal conon 1.0 X  1 0 ~ 4 M ):  O, ace-
• , rose bengal, acetone; □ and ■ , rose bengal, acetonitrile; V an d  tone; • , m ethyl m ethacrylate, absolute, ethanol, 9 5 %  ethanol;
T , rose bengal acid, m ethyl m ethacrylate. □ , acetonitrile.

Autoxidation of Dibutylamine.—The rates of destine- of the reaction of dibutylamine with hydrogen per- 
tion of dibutylamine (26) by rose bengal-sensitized oxide, it was not found in any autoxidation experiment, 
autoxidation in acetone, acetonitrile, and methyl Autoxidation of Tributylamine.—Sensitized autoxida- 
methacrylate are shown in Figure 3 which also shows tion of 27 in acetone, acetonitrile, ethanol, or methyl
the concurrent formation of 2 as the predominant methacrylate under standard conditions resulted in
initial product. Examination of the oxidation product substantially equal rates of disappearance of the start-
mixtures after substantial conversion disclosed the ing amine (Figure 4). The reactions in acetone and in
typical range and proportions of compounds obtained acetonitrile gave very similar products. When the
from 2 itself. In addition, N,N-dibutylformamide (30) starting amine was 65-85%  destroyed, about 2/ 3 could
was found in substantial amounts which depended on be accounted for as an exceptionally clean mixture of
the solvent used. This amide must be an oxidation identifiable compounds. The predominant product
product of 29 which was never present at a detectable was 30 accompanied by substantial amounts of 4 and 26.
level, however. In principle, oxidation of 29 might N-Butylidenebutylamine (2) and its principal deriva­

tives, 5 and 7, were minor constituents. In neither 
+CsHiCho_ _ o, case could tributylamine oxide be detected.

(C 4H 9)2N H  -  (C 4H 9)2N C H = C H C 2H 5 > Evidently two degradation paths compete in these
26 +2, - nhi 29 reactions. The key intermediate leading to 30 must be

(C4H9)2NCHO +  C2H5CHO 29  which cannot actually be observed. This undergoes 
30 oxidative cleavage of the a,¡3 double bond to give the

_T XT „ . .  , .  formamide and propionaldehyde. Two routes to 29 are
give rise to N,N-dibutylbutyramide as well, but this available: dehydrogenation of the starting amine seems 
compound was not found. . most reasonable as the principal route, following estab-

Autoxidation m acetonitrile gave 30 in about 5%  lished precedent; a-oxidation may give rise to an a-hy- 
yield. However, in acetone a selective interaction dr0Xy amine which can both lose water to give 29 and
increased the yield of this product to 23%  without dissociate to 4  and 26. As long as 26 remains, it will be
other significant changes being apparent. Possibly
formation of an adduct, Me2C(OH)NBu2, partially N rH = r i m  —* n f h o  + FtCHO
protects the amine from attack until displacement of the -m *  2 2
acetone by 2 or 4 gives the easily oxidized enamine 29. . /  29 30

Infrared spectra did not give conclusive evidence for Bu3N 1|-E0
such an acetone adduct but did show that dehydration 27
to N-isopropenyldibutylamine was not a significant i
reaction. Nevertheless, oxidation of this enamine B u 2NCHPr i— BinNH + PrCHO
would give N,N-dibutylacetamide, which appeared to 26 4
be present in small amount.

The sluggish reaction in methyl methacrylate was
primarily owing to the abnormal condition of the dye in equilibrium with 29 and can be converted to 30.
in this nonpolar solvent. The usual products were However, it will also be oxidized irreversibly to 2 and
obtained, but as the oxidized solution aged in the dark, its derivatives. When the reaction was run in absolute
the yield of 30 increased substantially and, especially ethanol, the product ratio 26 :30  was greater, and a
interestingly, the compound 14 increased from a very further increase resulted when 5% water was present,
small amount to a 10-12%  yield. These products may Presumably either water or ethanol reduces the small
be slow to form because of the low polarity of the solvent equilibrium concentration of 29.
or because of stabilization of peroxy radicals or hydro- In methyl methacrylate, although the measured rate 
peroxides by addition to the methacrylate double bond. of loss of 27 was substantially the same as in acetone or

Although dibutylhydroxylamine is a major product acetonitrile, the reaction must take a new course leading
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predominantly to non-glpc-detectable products. The p attern  in the 1500-1700-cm  1 region w ith very litt le  -O H  or
. , ,  £ ______ _ • n  i ^ TT -N H  absorption. M ass spectrom etric exam ination at low tem -

yield  of 30 w as esp ecially  low , su ggestin g th a t  th e  perature low voltage)Pwith very short photoplate exposure
enamine might have been intercepted by the reactive to minimize fragm entation , failed to give a satisfactory  spectrum ,
solvent, but we find that 29 remains essentially un- However, high resolution-peak m atching under norm al operating
changed in methyl methacrylate for several days at conditions identified two fragm ents as C 8H i5N 2 (calcd m ass,
rn n m  tp n rn p ra tn rp  139 .124 ; found, 139 .125) and C 6H i2N  (calcd m ass, 9 8 .0 9 7 ;

1 ' found, 9 8 .0 9 7 ). These appeared to  b e derived from  a parent
compound of mass 182 (although th is peak was very w eak) 

Experimental Section form ulated as N ,N '-d ibu tyl-l,2-propanediim ine. T h is identifiea-

M ateria ls  U sed .— P_ose bengal (disodium 3 ,4 ,5 ,6 -te trach loro - C H 3C = N C 4H 9 ___  C H 3C = N C 4H 9 ___  +__
2 ',4 ',5 ',7 '-te tra io d o flu o resce in ) and ethyl eosin (ethyl ester of 1 __ .  I __ _  + > - C H 3C N G 4H 9
2 ' , 4 ' , 5 ' , 7 '-tetrabrom oduorescein) were stain-grade dyes obtained ~  4 9 7~ 2 ,
from  Allied Chem ical and D ye C orp. R ose bengal acid was m 'e m / e ^  m ! e
obtained by  acidification of an aqueous solution of the sodium 11
sa lt w ith sulfuric acid . H em atoporphyrin base was precipitated
from  an aqueous solution of the hydrochloride (N utritional B io - tion of 11 was confirmed by glpc comparison w ith an au th entic
chem icals C orp .) by  addition of sodium hydroxide. T h e bu tyl- sam ple prepared by  reaction  of pyruvic aldehyde w ith excess
amines and benzaldehyde (E astm an  K od ak C o .) were redistilled bu ty.am ine.
before use and were essentially pure by glpc. T o  identify the products, 2,2-dim ethyl-6-propyl-4-piperidone

Glpc T echn iqu es.— A flame ionization detector provided suffi- (9) and N ,N '-d ibu tylacetam id ine (1 0 ), a 0 .4  M  solution of 3
cient sensitivity  for satisfactory observation of compounds a t  was autoxidized for 24 hr (about 9 0 %  destruction of 3 and 2 ) .
concentrations of 1 0 -6  M .  U sually the solvent was used as an E vaporation  of the solvent left a gum which was extracted  w ith
internal standard w ith sufficient reproducibility. C hrom ato- petroleum  ether. N early all 9 was found in the ex tra ct and 10
graphic sensitivities were established for all of the principal remained undissolved. Compound 9 was retained on a silica
com ponents which could be identified. Otherwise it  was assumed gel column after washing w ith petroleum  ether which rem oved
th a t the signal strength was proportional to the carbon content m ost of the other reaction products present in the e x tra ct,
of the effluent gas stream . Id entification of the reaction products I t  was then eluted w ith ethyl ether and refined b y  further chro-
was based on direct comparison by  glpc w ith known m aterials m atography, yielding a product in which 9 was the only ap-
when these were available or could be synthesized readily. R e - preciable component (by g lpc). Exam ination  by  ir suggested
tention tim e agreem ent on two types of glpc columns was usually the presence of a propyl or bu tyl group and a carbonyl group
considered adequate proof of iden tity . A stationary  phase of {v 1710 cm -1 , probably ketone). High resolution m ass spectrom -
4 :1  polyethylene g lyeol-K O H  was preferred for resolution of the etry  a t  low tem perature gave the em pirical form ula C ioH 19NO
amines as well as p ractically  all products of reasonable v o la tility . (calcd m ass, 169 .147 ; found, 169 .146). F ragm ents were also
F or less volatile compounds and for comparison on a nonpolar identified which helped suggest the 4-piperidone stru ctu re . T h is
column, silicone gum rubber was employed. Occasionally a compound was synthesized as described later and proved to be
column containing nonylphenoxypolyethoxyethanol-K O H  was identical w ith the autoxidation product 9 .
used; this had sim ilar characteristics to the K O H -p olyethylene Compound 1 0  was extracted  from  the petroleum  e th e r-
glycol column. Sim ilar y 4-in. columns were used w ith a therm al insoluble gum w ith 0 .5  N  HC1 under ethyl e ther. T h e aqueous
conductivity detector for analysis of product concentrates in a phase was then  made strongly basic  and extracted  w ith ethyl
glpc-m ass spectrom eter com bination. ether. T h e  solute recovered contained 1 0  w ith m uch larger

W e have found th a t the reaction products undergo further am ounts of 5 and 6 . Column chrom atography on silica gel with
changes in dark storage after the photosensitized autoxidation ethyl ether elution removed m uch of the amide m aterial leaving
reaction has stopped. N ot only are unstable m aterials observed 10  or. the  column. Subsequent elution w ith m ethanol yielded a
to disappear, bu t the concentrations of some products increase sm all am ount of m aterial in  which the largest com ponent was 10
for a  few days. T h is is presum ably owing to slow breakdown of w ith sm aller, roughly equal am ounts of 5 , 6 , and 9 present. I t
peroxides present. I t  m ight be considered th a t the compounds was suspected th a t 10  was either N .N '-d ibu tylform am idine or
observed in glpc analysis are not present as such in the product N ,N '-d ibu tylacetam id ine, and these compounds were prepared
m ixture bu t are artifacts produced by  pyrolysis in the gas for glpc comparison by reaction of form am idine and acetam idine
chrom atograph inlet from  such peroxides and from  polym eric hydrochlorides, respectively, w ith butylam ine in boiling ethanol
m aterial. Indeed, it  is likely th a t such effects do occur and are followed by liberation of the free bases w ith aqueous K O H .
responsible for some difficulties in using the g lpc-m ass spectrom - T h e "wo amidines were not distinguishable on the K O H -p oly -
eter com bination effectively . However, we are convinced th a t ethylene glycol column, bu t on the silicone column identity  of
the reproducible retention tim es and clean peak shapes signify the product 10 w ith the acetam idine was clear. F o r additional
that our in terpretation is proper; p yrolytic processes appear to proof, the crude sam ple was hydrolyzed w ith aqueous m ethanolic
have caused only high background signals. K O H  a t 70 ° resulting in a substantial increase of the ratio  of 6 to

Autoxidation R a te  M easu rem en ts .— Appropriate solutions 5 in the solution.
(5 0 -7 0  m l) contained in 20 X  450 mm P yrex glass tubes were A t one point i t  appeared th a t autoxidation of 3  m ight be giving
irradiated w ith “ C ool-W hite”  fluorescent lam ps while "b rea th in g  a product which was not resolvable from  solvent acetone. T h is
a ir” was continuously introduced a t the bo ttom  of the tubes doubt was elim inated by  carrying out a com parable autoxidation
through fritted  disks a t a  ra te  ensuring active agitation and of n-octylam ine in acetone. As w ith 1 , the ketim ine was formed
essential saturation of the solution (about 400 m l/m in). A D ry  very quickly and was destroyed a t  about the sam e ra te  as 3 .
Ice -aceton e  reflux condenser was used to minimize loss of solvent O ctanal and N -octylideneoctylam ine were formed as expected,
and reactan ts . T h e reaction m ixtures were analyzed a t ap- and as w ith 3 a t  least 7 5 %  of the octylam ine was converted to
propriate intervals by glpc. nonvolatile, presum ably polym eric m aterial.

Autoxidation of N -Isopropylidenebutylam ine (3) in A cetone.—  Autoxidation of Butylam ine (1) in A cetonitrile.— T h e ra te  of
Several runs were made a t various concentrations and for various destruction of 1 under standardized conditions is shown in Figure
lengths of tim e w ithout appreciable differences in the product 1. W hen an identical rur. was interrupted after 85 m in and the
distribution. W ork-up varied for isolation of particular products. solution stored overnight in the dark, further 2 6 %  and 3 3 %
T h e overall results are summarized under R esults and D iscussion. losses of residual 1 and 2  occurred during the dark period.

T o  recover a m ajor bu t fugitive product, 1 1 , autoxidation of a A utoxidation of 1 (0 .4  M )  in  acetonitrile required 2 4 -3 0  hr for
0 .4  M  solution of 3 was stopped after 4 hr when 11 was near its essentially com plete destruction of 1 and 2 . G lpc analysis showed
maximum  concentration (5 %  yield ). T h e solvent was evaporated the presence of compounds having the characteristics of N ,N '-
and the residue extracted  with petroleum  ether, thus removing 11 dibutylformam idine ( 1 2 , approxim ately 0 .0 6  mol per mol of 1 ),
from  insoluble ta r . Adsorption on a silica gel column and elution 5 (0 .0 5 -0 .0 6  m ol), 4  (0 .05  m ol), 7 (0 .025 m ol), 13 (0 .015  m ol),
with ethyl ether gave an early fraction  which appeared to be 6  (0.01 m ol), and 8  (0 .005  m ol). An additional m ajor product
> 9 0 %  11 by  glpc, and this m aterial was m oderately stable a t  (14, 6 - 8 % ) was unknown. An interm ediate product (15) was
- 1 5 ° .  Compound 11 had glpc characteristics suggestive of a also observed which reached a m aximum  yield of about 1 5 %
strongly basic polyam ine, and its ir spectrum  exhibited a complex when 1 was half destroyed bu t was not d etectable in the final
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m ixture. Several additional compounds were d etectable in 2 -3 %  yields of both  2  and 4  were present. T h e  m ajor detectable
trace  am ounts. T h e  product d istribution did not change ap- product proved to be N ,N -dibutylhydroxylam ine (28 ), approxi-
preciably when the starting  concentration of 1 was varied or if 2  m ately 12%  yield. An unstable compound was also present
was used either as freshly distilled m aterial48 or prepared in  situ  (3 %  yield) in the fresh reaction m ixture b u t was gone after 3
from  l a n d  4 . In  one ru n, exit gases were shown to contain am - days. T h is had the glpc characteristics of I I .  Sm all am ounts 
m onia trapped as N H 4C1. of N ,N -dibutylform am ide (30), 7, and possibly 13 were present

B y  interrupting the autoxidation of 2 (0.1 M )  a fter 5 hr, when as well as considerable acetam ide.
15 was near m axim um  concentration, and evaporating the sol- Identification of 28 was based on isolation by preparative glpc 
v en t, a product concentrate was obtained whch contained 15 and comparison w ith an authentic sam ple by ir and m ass spec- 
and a second su bstantial unknown product 16, which seemed trom etry . T h e comparison sam ple was prepared by  addition
identical w ith 2-butyl-3-propyloxazirane (25) in glpc comparison of an equivalent am ount of 6 %  aqueous hydrogen peroxide to
on the silicone colum n. B o th  15 and 16 were lost w ithin 24-hr an equal volume of m ethanol containing 2 6 .60 A distilled fraction
storage of the concentrate a t  - 1 5 ° .  A ttem pts to obtain  their boiling a t 7 8 -8 0 °  a t  1 .5  mm contained about 6 0 %  28 plus sub­
mass spectra through use of the g lpc-m ass spectrom eter technique stan tia l am ounts of 30 and 7 . M ass spectrom etric identification
were unsuccessful w ith respect to 15, b u t 16 was resolved sucess- of 28 caused some problem s because, instead of the m olecular
fu lly, ^nd a  satisfactory  spectrum  was obtained distinguishing ion (m /e  145), the highst m ass found was 143. T h is behavior-
this compound from  2 5 . T h e  apparent m olecular ion had m /e  was identical w ith both  the experim ental product and the corn-
157 and other m asses observed were 141, 98, 8 4 , 70 , 60, 57 , 4 1 , parison sam ple, for which the ir spectrum  was adequate identifi-
3 0 , 2 9 . T h e  combined fresh product solutions from  several cation. Possibly the m ass 143 represents the nitrone, P r C H = N -
concurrent runs were distilled rapidly through a short-path  still (O )B u , produced by  dehydrogenation in the mass spectrom eter,
a t  high vacuum . A bout x/3 was collected below 150° (0.1 m m ) D . Tributylam ine (2 7 ).— An aceton itrile  solution containing
and contained 15 (fraction 1 ); another third distilled a t  1 5 0 -2 0 0 °  27 (0 .02  M )  and hydrogen peroxide (9 8 % , 0 .6 2  M )  was stored
(0 .1 -0 .0 5  m m ) and proved to  be rich in 12  (fraction 2 ) . Com - a t room tem perature for 4 days. G lpc analysis then showed 8 1 %
pound 16 was lost in the distillation, and 15 was still unstable in loss of 27, and 4 and 26 were present in yields of 3 3 %  and 3 0 % ,
fraction  1 . A ttem p ts to resolve 15 from  th e  fresh d istillate b y  respectively, based on converted 27 . Sm all am ounts (3 -5 %
the glpc-m ass spectrom eter technique were unsuccessful, as yields) were also found of 7 and N -butenyldibutylam ine (29).
were attem pts a t  isolation by  preparative glpc. I t s  properties T h e  crude reaction m ixture was evaporated to rem ove m ost of the
were strikingly sim ilar to those of 9 . acetonitrile and the residue was dissolved in ether. M ixing with

Experim ents w ith 10 and 12  showed th at, although these com- w ater then extracted  the tribu tylam ine oxide present, and addi-
pounds are not resolvable on the K O H -p olyethy lene glycol tion of aqueous picric acid to  the w ater solution precip itated  the
column, the silicone column distinguishes betw een them  when am ine oxide p icrate, mp 1 0 8-110° ( l i t .61 1 0 0 ° ) , 4 3 %  yield,
high concentrations are present. How ever, a t  low levels in F or the comparison above and other purposes, 29 was prepared
autoxidation product m ixtures their retention tim es are un- by gradual addition of 4 to a sm all excess of 26 in cold ether in the
reliable. M ass spectrom etric exam ination of the distilled frac- presence of anhydrous potassium  carb on ate .62 A fter 3 hr an-
tion 2  (above) gave no ind ication of th e  presence of either 10  or hydrous magnesium sulfate was added, and the solution was
12 although glpc had shown a high content of one or b o th . la ter distilled. A fraction  boiling a t  72 ° a t  3 mm  was a t  least
B y  mild hydrolysis of a  sam ple of fraction  2 w ith aqueous K O H , 9 0 %  pure b y  glpc.
the content of 5 was greatly  increased while the am idine content Autoxidation of D ibutylam ine. A . In  A cetonitrile.— A utoxi- 
decreased relative to other com ponents, thus providing positive dation of a 0 .2  M  acetonitrile solution of 26 under the usual con-
evidence for the presence of 1 2 . ditions destroyed 3 5 %  of the am ine in 11  h r. Approxim ately

R eaction  of Amines with Hydrogen Peroxide in A cetonitrile. 2 0 %  of the amine lost was present as 2  a t this point. T h e solu-
A . N -Butylidenebutylam ine (2 ) .— H ydrogen peroxide (9 8 % ) tion was evaporated and the residue was exam ined as follows,
was dissolved in acetonitrile to give an 0 .2 0  M  solution. T o  this G lpc analysis showed 5 to be the m ajor d etectable product, w ith
an equim olar am ount of 2  was added a t 2 5 ° . A nalysis of the N ,N -dibutylform am ide (30), 7 , 13, and 6  present in lesser
solution a t intervals by  glpc showed 3 9 %  loss of 2  in  2  hr and am ounts, decreasing in th a t order. Compounds 12  and 14 also
5 0 %  loss in 8  h r, the reaction approaching a  h a lt due to exhaus- appeared a t low levels. T h e compound 14 was isolated satis-
tion of the peroxide. Residual 2 continued to decrease owing to factoriiy  in the glpc-m ass spectrom eter and found to have m /e.
slow disproportionation . 48 G lpc showed the m ajor d etectable 157 w ith fragm ent ions of masses 142, 129, 115, 100, 84 , 72 , 57
product to  be 7 (approxim ately 1 1 %  yield) w ith 5 about 3 % . (doublet), 4 6 , and 4 1 . H igh resolution m ass spectrom etry of the
Butyraldehyde was also found in about 15%  yield early in the to ta l reaction product concentrate revealed the presence of two
reaction . compounds w ith m ass 157. One of these was 30 (C 9Hi9N O :

B . Butylam ine (1 ).— Under the sam e conditions 1 was 3 0 %  calcd m ass, 157 .147 ; found, 157 .1 4 6 ); the  other (14) had the
destroyed in 24 hr, and no titra tab le  peroxide rem ained. In  composition CsHisNCh (calcd m ass, 157 .110 ; found, 157.111)
another experim ent the peroxide concentration was tripled and is believed to be 2-butyryl-3-propyloxazirane.
(cooling required to hold the solution a t  2 5 ° ) ,  resulting in 4 0 %  T h e plausible oxidation product 28 would, if present, not be
loss of 1 . A  1 3 %  yield of 2  was present a fter 1 2  hr when reaction  resolvable from  5 by  the K O H -p olyethy lene glycol column nor
had essentially stopped. T h e other principal d etectable products from  30 by  the silicone colum n. How ever, by  isolation of the 5
were 5 (2 .2 % ) , 7 (1 .8 % ) , butyraldoxim e49 (1 .9 % ) , and P r C H =  peak using a K O H -polyethylene glycol column in the glpc-m ass
C E tC H = N B u  (1 .3 % ) . A cetam ide was also present in som ew hat spectrom eter com bination it  was shown th a t the characteristic
larger am ount, b u t no am idine (10 or 12) was d etected . m /e  143 fragm ent of 28 was absent.

T his experim ent was repeated , bu t the tem perature was allowed As the product concentrate aged, a group of eight glpc peaks
to rise to 5 0 -6 0 °  during the initial m ixing, leading to  very dif- appeared which were shown by comparison w ith standards to be
ferent results. T h e  predom inant product was N ,N '-d ibu tyl- owing to the four possible aldehyde “ dim ers”  from  a m ixture of
acetam idine (10) (8 0 %  yield by  peak a rea). I t s  identity  was 4 and propionaldehyde, together w ith the four aldim ines derived
established by  glpc isolation and high-resolution m ass spectrom - b y  condensation of these dimers w ith 1 .
etry  which unequivocally gave the com position C 10H 22N 2 (calcd W hen the autoxidation was carried out in acetonitrile contain-
m ass, 170 .178 ; found, 170 .1 7 8 ). I t  was then shown to be identi- ing 5 %  w ater, there was very little  difference in the reaction rate
cal w ith an authentic sam ple by  glpc and m ass spectrom etric or the products. T h e yields of 2  and 4 were somewhat higher,
comparison. however, 53 and 7 4 % , respectively, a t their m aximum  values.

C. D ibutylam ine (2 6 ).— R eactio n  of 26 (0 .02  M )  w ith hydro- B . In  A cetone.— Changes in the concentrations of 26 and 2
gen peroxide (9 8 % , 0 .6 2  M )  in  acetonitrile a t  room  tem perature during autoxidation under standard conditions are shown in
essentially stopped a t about 4 5 %  conversion in 90 m in, when Figure 3 . T h e possibility th a t the glpc peak for 2  included ap-
--------------------  preciable 3 was re jected  because of the presence of 4 throughout

(48) The aldimine 2 disproportionates spontaneously to 1 and P rC H =  the run. E xam ination  of the final solution (4-hr reaction)
C E tC H = N B u  to the extent of 13% in 21 hr in 0.2 M  solution. This is too showed the predom inant glpc observable product to be 30
slow to cause appreciable complication. In  longer time, higher condensa- (abou t 2 3 %  yield ). O ther amides present were 5 (8 %
tion products are formed, but only this "dimer” is observed in the autoxida-
tion reactions.

(49) Butyraldoxime, when freshly prepared, gives two glpc peaks on the (50) W. R . Dunstan and E . Golding, J .  Chem. Soc., 1004 (1899).
KOH-Carbowax column, but in the presence of amines it is rapidly con- (51) H. B . Henbest and M. J . W. Stratford, ibid., 711 (1964).
verted to a single isomer (52) C. Mannich and H. Davidsen, Chem. B er., 69, 2106 (1936).
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yield ), 6  (3 % ) , 7 (1 % ) , and 13 (1 % ) . T h e presumed oxazirane retention tim e as 2 , b u t it  was shown b y  m ass spectrom etry
derivative 14 am ounted to about 3 % , and other m inor products th a t the oxazirane was not present in this peak after autoxidation
norm ally derived from  2 were observed. T h e enamine 29 was of 3 . On the K O H -polyethylene glycol column the oxazirane 
n ot present in d etectable am ount. (A standard sample of 29 decomposes to several products, probably37 including N -bu tyl-N -
was easily resolved from  the autoxidation products by  the K O H - m ethylacetam ide and 6 ; th is behavior contraindicates its  pres-
polyethylene glycol colum n.) A minor peak corresponding to ence in autoxidation product m ixtures.
N ,N -dibutylacetam ide could be seen when the silicone column T h e oxazirane was destroyed com pletely in  an acetone solution
was used, b u t this identification could not be confirmed because containing an equivalent am ount of 3 w ithin 24 hr a t  2 5 ° , b u t
of inadequate resolution from  30  on the K O H -p olyethy lene no products were formed which were d etectable by  glpc in  the
glycol colum n. usual range of retention tim es. Presum ably only polym eric

T h e m ass spectrum  of the 30 peak after resolution on a silicone imines and am m onia were form ed . 37 
column contained no com ponent of mass 143. T h is established 2-Butyl-3-propyloxazirane (2 5 ).— 'The product prepared b y  re-
the absence of 28 and of N -butyl-N -propylform am ide which could action of peracetic acid w ith 2 in C H 2C12 according to th e general
conceivably have been an unresolvable product. procedure of E m m ons37 (bp 56° a t  6  m m ) was only abou t 5 0 %

C . In  M ethyl M eth acry late .— F or th is reaction , rose bengal pure by  glpc and nm r analysis, containing a roughly equal am ount
was used in the " a c id ” form  (lactonized). In  the presence of the of P rC H = C E tC H O . T h e  som ew hat different procedure of
am ine (0 .02  M )  6 3 %  of the norm al dye absorbance developed. K rim m 36 gave essentially the sam e resu lt. T h is low pu rity  did
As reaction proceeded, partia l dye precip itation occurred. not ham per establishm ent of th e  glpc characteristics of 25 .
A utoxidation products appeared m uch the sam e as in aceton itrile . D ra stic  decom position occurred on the K O H -p olyethy lene glycol
W hen 6 0 %  of the starting  amine was destroyed, 5 , 7 , and 30 column a t 6 5 ° , b u t on the silicone column 25 was stable to  a t
were each present in about 6 -7 %  yield . T h e  yield of 16 was least 1 5 0 ° .
very low a t th is tim e bu t increased to 1 0 -1 2 %  as the solution was D ecom position of erude 25 a t 120° was > 9 0 %  com plete in  50
held a t  5 °  for 24 h r; 30 increased su bstantially , also. m in and produced two unknown compounds, X  and Y ,  as well

R eactio n  of 26 w ith m ethyl m ethacrylate is too slow to in ter- as a sm all am ount of 7 . Subsequent heating for 45 m in a t  150°
fere w ith the autoxidation process. caused conversion of Y  to  another new su bstance, Z, and m arked

2 ,2-Dim ethyl-6-propyl-4-piperidone (9 ).— A solution of 10 .0  g reduction of the butyraldéhyde dim er. D istilla tion  of th e  m ix-
of 2-am ino-2-m ethyl-4-oxopentane acid ox alate ,63 5 .0  m l of ture yielded a fraction  rich in X  and Z from  w hich b o th  were
butyraldéhyde, and 20 ml of ethanol was heated  a t reflux for isolated by  preparative glpc using the M illipore F ilte r  techn iqu e.
20 h r .64 A fter cooling, the m ixture was filtered, and the sa lt was T h e ir spectrum  of X  was consistent w ith a nitrone stru ctu re55
treated  w ith excess K O H  in e ther-w ater. T h e  ether phase was P r C H = N (0 ) B u : ir 1645 and 1632, strong doublet ( C = N ) ,
evaporated and the residue was examined by glpc. T h e  pre- 1085 and 1062 cm -1 , medium weak (possibly N - * 0 ) .  T h e  only
dom inant component was identical with 9 obtained in autoxida- spectroscopically plausible alternative has appeared to be a
tion of 3 . d isubstituted  amide { i .e . ,  H C O N B u P r), which would n ot be

R eaction  of 2-am ino-2-m ethyl-4-oxopentane w ith  butyralde- consistent w ith the glpc characteristics of X .  
hyde yielded a crude sample of N -butylidene(2-am ino-2-m ethyl- Spectroscopic evidence supported the postulated  stru cture,
4-oxopentane) which had glpc characteristics th a t would have 3 ,5-diethyl-4-propylpyridine (17) for the product Z : ir 1602 (w ),
made its  resolution impossible in th e  autoxidation m ixtures. 1564 (m ), 1417 (m, su bstituted  pyridine nucleus), 902 cm -1  (m ,
I t  could have accompanied 11 as a  fugitive interm ediate. T h is isolated arom atic hydrogen ) ; 66 m ass spectrum  m /e  177 (M + ), 176,
aldimine was unstable a t  2 5 ° , apparently “ dim erizing”  som ew hat 162, 149, 148, 134, 121, 106, 91 , 77 , 65 , 53, 51 , 4 4 , 4 1 .
faster than  2 .

Exam ination of 2-Butyl-3,3-d im ethyloxazirane.— T his oxazir- Registry No.— 1, 109-73-9; 2, 4853-56-9; 3, 6700- 
ane was prepared by  the general m ethod of K rim m . 36 I t  distilled 95-4; 26,111-92-2; 27,102-82-9. 
cleanly a t  4 3 -4 5 °  a t  10 mm  and was essentially pure by  nm r
exam ination: nm r (C C h) 5 1 .30  (s, 3 , C H 3), 1 .46  (s, 3 , C H s), Acknowledgment.— We are pleased to acknowledge
2 .63  (m , 2 , N C H 2P r ) , 1.50 (m , 4 , C H 2C H 2C H 2C H 3), 0 .9 3  (t , , ,  , -, , .  r pp rp p, i\/r i p , -p. pp
3 , C H .C H ,); mass spectrum  m/e (relative in tensity) 129 (1), contributions of Mr T. E . Mead, Dr. D. M
114 (2 ), 1 0 0  ( 1 ), 8 6  (5 ), 84 (2 ), 7 3  (2 ), 70 (2 ), 58 (8 ), 57 (4 ), Desideno, Jr., and Miss M. Yao who obtained and
56 (6 ), 55 (2 ), 44 (100), 43 (38), 42 (1 0 ), 41 (9 ). T h e  oxazirane interpreted tile mass spectrometry data,
gave a clean peak on the silicone column a t 3 0 -1 0 0 °  a t  the same
______________  (55) G. R . Delpierre and M. Lamehen, Quart. Rev. (London), 329 (1965).

(56) N. B . Colthup, L. H. Daly, and S. E. Wiberiy, ‘‘Introduction to
(53) P. R. Haesler, Org. Syn., 6, 28 (1926). Infrared and Raman Spectroscopy,” Academic Press, New York, N. Y .,
(54) Adapted from ref 27. 1964, p 233.
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Previous work has indicated  th a t straight-chain  alip hatic am ines undergo dealkylation after anodic oxidation, 
either by  hydrolysis of the enam ine form ed in  a one-electron process, or b y  hydrolysis of the imm inium  sa lt form ed 
in a tw o-electron process. In  the present work, evidence is presented in favor of the enam ine as the interm ediate.
In  the earlier work, secondary am ines were oxidized b u t dealkylation was n ot observed. T h is has been shown 
to be in co rrect; the reaction  of di-n-propylam ine is very  sim ilar to th a t of tri-re-propylamine. I t  is suggested 
th a t electrolytic dealkylation of sim ple alip hatic am ines is a general reaction  which can lead from  tertiary  to 
secondary and prim ary am ine and finally to  am m onia and elem ental nitrogen.

Accounts of detailed examinations of the anodic oxi- tain cases. Reaction of benzyldimethylamine and di- 
dation of primary and tertiary aliphatic amines have benzylmethylamine resulted mainly in loss of the benzyl 
been published previously.1'2 Straight-chain pri- group rather than the methyl group. It would be
mary amines were found to undergo scission of the predicted, on the basis of radical stability, that this
carbon-nitrogen bond which resulted in formation of would occur because of preferential loss of benzylic
ammonia, elemental nitrogen, protons, and an aldehyde protons in step 2. Steps 3 and 5 would then follow,
having the same number of carbon atoms as the amine Oxidation of allyldiethylamine produced primarily di-
taken. Condensation products which would be ex- ethylamine, indicating preferential loss of the allyl
pected from a mixture of primary amine and aldehyde group. This also would be predicted on the same basis,
were found. Two reaction schemes were suggested. When this line of reasoning is extended to the cases of 
One involved a two-electron formation of an iminium di-t-propylethylamine, dicyclohexylethylamine, or cy-
ion which hydrolyzed; the other involved decomposi- clohexyldiethylamine, incorrect predictions are ob-
tion of the initially formed ion radical. tained. One would expect that reactions analogous to

Tertiary amines were found to undergo dealkylation steps 1 and 2 would produce, preferentially, radical 4
to the corresponding secondary amine and the appro- from diisopropylethylamine, rather than radical 5.
priate aldehyde. The reaction scheme proposed is
outlined in eq 1-6, using tri-w-propylamine as the ex- V  y''"

(C3h 7)3n  — >  (C3h 7)3n + (1) ^  Y  Y

1 4 5
-H  +

1 (C3H7)2N—CH—C2H6 (2) However, this would logically lead to loss of an iso­
propyl group. In fact, loss of the ethyl group is

2 . 1 ^  (C3H7)2N -C H -C 2H5 ^  (C3H7)2N=CHC2H5 (3) str(f gly Si/ f  arly’ an ethyl f  0UP / S loSt,.in
■ ' 3 preference to the cyclohexyl group, contrary to predic­

tions based upon radical stabilities. It may be noted 
2 >  (C3H7)3N +  (C3H7)2NCH=CHCH3 (4) that predictions based upon radical stabilities work out

4 only in those cases which involve groups which would
3 +  H20  —>■ (C 3H 7)2N H  +  C 2H 5C H O  +  H+ (5) form especially stable radicals. This suggests that a

4  +  n 2o _(C3H7)2NH +  C2H5CHO (6) different mechanism m ay be operating in the other
cases. One possibility is that the enamine intermediate 

ample. This reaction scheme led to predictions of may be involved in the other cases. It may be noted
product identities and yields which were in reasonable that the one example studied which can neither form an
agreement with experimental results, provided that it enamine nor an especially stable radical, trimethyl-
was assumed that the secondary amine produced also amine, apparently does not undergo simple dealkyla-
underwent anodic oxidation. The reaction scheme tion.
consists of an initial electron transfer followed by proton In the examinations of tertiary and primary amine
loss to form the neutral radical 2, which could either oxidation, a degree of similarity was found in that reac-
lose an electron to form the imminium salt 3, or dis- tions lead to cleavage of carbon-nitrogen bonds with
proportionate to form the enamine 4. Either of these formation of the less highly substituted amine or am-
would be expected to hydrolyze to give the products monia, and the appropriate aldehyde. It was noted,
that are found. Furthermore, the stoichiometry is the however, that no dealkylation was observed upon oxi-
same for either type of reaction; accordingly, on the dation of dipropylamine. Apparently the reaction of
basis of the information available, no distinction could secondary amines was significantly different from those
be made between these two schemes. of tertiary and primary amines.

I t  was suggested, however, that, on examining the The present work was undertaken in order to get a 
results obtained by oxidizing unsymmetrically sub- better understanding of the dealkylation process and to
stituted tertiary amines, a mechanism involving an inquire into the anodic reactions of secondary aliphatic
enamine intermediate appeared to be plausible in cer- amines. As a result, we believe that it can be shown

that the process of electrochemical dealkylation in 
g  (1967)' straight-chain aliphatic amines is a very general one
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leading, in principle, from a tertiary amine through the the deuterated sample. All assigned frequencies fall
secondary and primary amines to ammonia and finally within the expected ranges for the expected frequencies,
to nitrogen gas, together with appropriate aldehydes. In addition, when compared with the vapor phase speC-
We believe further that there is now convincing evi- tram of propionaldéhyde, for which assignments have
dence for the involvement of the enamine as the inter- been made,4 the spectra correspond except that all
mediate in electrochemical dealkylation. peaks in the liquid phase spectra are shifted 10-30 cm 1

toward longer wavelengths relative to those in the
Results and Discussion vapor phase spectrum.

These data show that the aldehyde recovered from 
Dealkylation Mechanism.'—In the earlier work,2 it electrolyses made in the presence of D20  is deuterated

was demonstrated that dealkylation to aldehyde and jn jbe 2 position. If this is to be considered evidence
amine occurs only in the presence of at least small in favor of a particular mechanism, there must be assur-
amounts of water; accordingly, the hydrolyses in steps ance t]lid ¿euteration did not simply take place by
5 and 6 were included. It may be noted that, while the exchange between D20  and ordinary propionaldéhyde,
stoichiometry is the same for either process, the actual This reaction has been studied by Hine, et al.,5 who
mechanism of incorporation of water in the reactions demonstrated that aliphatic amines catalyze hydrogen-
that are summarized in steps 5 and 6 would be different. deuterium exchange in the aldehydes. They pointed
These reactions with deuterium oxide, rather than ou^ however, that the exchange reaction is not an
water, are outlined in steps 5a and 6a. They differ in effective preparative route to the deuterated aldehyde.

Attempts to prepare deuterated aldehyde by shaking 
CH3CH2CH==N(C3H7)2 +  D20  — t he protreated compound with a concentrated solution 

[CH3CH2CH(OD)ND(C3H7)]+—>■ of amine in D20  gave only about a 33%  yield. Our
CH3CH2CHO +  (C3H7)2ND +  D+ (5a) examination shows that the monodeuterated aldehyde

is formed in the electrolysis virtually to the exclusion 
CH3CH=CHN(C3H7)2 +  D20  > 0f ordinary aldehyde, indicating that some mechanism

CH3CHDCH(OD)N(C3H7)2 — > other than H -D  exchange is operating. Our reaction
CH3CHDCHO +  (C3H7)2NH (6a) ga doeSj in fact ; resemble the reaction actually used by

, ,  , , , , , . , . Hine, et al., to produce the deuterated aldehyde that
that aldehyde produced by reaction of enamine with th uged ag gtarting material.
D20  would show deuterium at the « position, while that while the ssibility of H_D exchange during elec- 
from the immmmm salt would have hydrogen m that trolygig ig precluded, there could be a question about
p0S tl°î1' , , • • , ,, . ,  ,. 1 exchange during the separation procedure which in-

To check this point, the oxidation of both tnpropyl- cludeg a distillation. This was checked by performing 
arm ne and dipropylamme was carried out m a rigorously thp ti starting with pr0pionaldehyde in ace-
dried system to which a small amount of D20  had been tonitrile with D2q  added. Mass spectroscopic exam-
added. The aldehyde produced was recovered, pun- ination ghowed nQ a iable deuterium enrichment 
fied, and examined by mass spectroscopy nmr, and ir aboye the natural abundance. We therefore conclude 
spectroscopy. In addition the 2,4-dimtrophenylhy- that propionaidehyde-2-d is produced during the elec- 
drazone was prepared. The mass spectrum of the troi sis of both tripropylamine and dipropylamine and 
aldehyde recovered from e ectrolysis of either amine that H_D exchange is not responsible for its formation,
with D20  showed a molecular weight of 59, indicating In consideri the dealkylation process, it must be
inclusion of one deuterium. This aldehyde formed a noted thftt enamine and iminium ion should be in
2 d-dmffrophenylhvdrazone with a molecular weight of equilibrium as indicated in eq 7. Furthermore, it
239, also indicating monodeuteration. I he nmr spec­
trum of the deuterated aldehyde exhibited a peak for N ru r-rw u r ir H . A rH r  H m
the aldehyde proton at the chemical shift and in the (CJl^NCH CHnH3 _ _  (C3H7)2N-CHC2H5 (7)
intensity expected for propionaldéhyde. Instead of
the quartet and triplet shown by the ethyl group of would be expected by analogy from cyclic tertiary
propionaldéhyde, very complex groups of peaks with amines6 that the enamine would be a significantly
1.1-Hz splitting were observed, centered about the same stronger base than the corresponding saturated amine,
chemical shifts exhibited by the methyl and methylene In our experiments, the solution initially contains 
groups of propionaldéhyde. This indicates that deu- the saturated amine which is gradually protonated.
teration has occurred either at the 2 or the 3 position. If an equilibrium were established involving tripropyl-

The infrared spectrum of the deuterated aldehyde amine, tripropylammonium ions, enamine 4, and imin-
contained peaks assigned to assymetric methyl stretch ium ions 3, it would be shifted toward a mixture of 3
and carbon-hydrogen stretch of the aldehyde function and tripropylamine. If 3 were formed as a result of
which occurred at the same frequencies as did these reactions 1-3 then there would be no opportunity for
peaks in the propionaldéhyde spectrum. In propion- enamine to be formed, because the system contains no
aldehyde, the symmetric stretch vibrations for both base stronger than the enamine. Since we do have
methyl and methylene occur at the same frequency. evidence that the enamine is being dealkylated, it
For the deuterated compound, a peak at this frequency therefore follows that the iminium salt is not being
occurred, but it showed lower intensity relative to,1 1 • ,1 , ,» (3) C. N. R. Rao, “Chemical Applications of Infrared Spectroscopy,”
Other peaks m the spectrum than was the case for Academic Press Inc., New York. N. Y„ 1963.
propionaldéhyde. The peaks for CH2 assymetric (4) e . f . Worden, SvectrocHm. Acta, is, 1121 (1962).
stretch and for CH2 wag, both present in the spectrum (s) J' Hine' J- G- Houston’ J- H- Jensen- and J- Mulders. J. Amer. a * .f . 1 , , , u :  c .1 . f Soc., 87, 5050 (1965).
01 propionaldéhyde, are absent from the spectrum of (6) r . Adams and j . e . Mahan, Md., 64,2588 (1942).
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formed either by reaction 3 or 7. We suppose that this pounds were identified by comparing their retention
indicates that reaction 4 is much faster than reactions times, on two different glpc columns, each run at three
2 and 3 and that reaction 6 is faster than reaction 7. different temperatures, with those of valid samples.

The recoveries of amines in the present and previ- In addition, nmr spectra of samples of the amine per-
ously reported work were never quantitative; for exam- chlorates were shown to be identical with those of
pie, for tripropylamine it amounted to 80-95%  based valid samples. The uv spectrum of the 2,4-dinitro-
upon nitrogen in the starting amine. Reaction solu- phenylhydrazone was identical with that shown in the
tions showed a uv absorption at 315 nm. When water Sadtler Laboratories collection, No. 1194, Vol 4. As
concentration was held below 5 mM, it was noted that mentioned above, the hydrazone from the deuterated
this uv band was more intense. The material respon- aldehyde had a molecular weight of 239, to be expected
sible for the 315-nm band was isolated as a gum from for the derivative of monodeuterated propionaldehyde.
the nonvolatile fraction of the reaction mixture by Some quantitative results are presented in Table I. In
CHC13 extraction and thin layer chromatography.
Taken from the reaction mixture without having been Table I
made basic, it showed a sharp and intense ir absorption _ , „ „, , , T. ,, . . . , , . +  . Product Analysis after Reaction op Di-re-PROPYLAMiNE“
at 169o cm . If the material was made basic during
the isolation, this peak was shifted to 1660 cm-1 . It Pr_
is characteristic of a„8-unsaturated tertiary amines to Potential4 n %  EtCH Oc % Pr2NH2+c N H i+t

show a peak at around 1650 cm -1 which shifts 20-50 1.40 0.88, 0.90 25.4, 25.3 16.4, 16.9 49
cm_: toward higher frequencies when the salt is pre- 1 00 0.83, 0.85 19.6, 19.0 9.9, 10.4 66
pared.7 This behavior has been attributed to a trans- 0  In itia l amine concen tration  = 17 m M  in  0.10 M  N aC lC h- 

formation of the type indicated in eq 8. Mass spectra ^ eCA\ ^ ! f L w,â er c" tratioi\ = fO  m M . 4 V o lts vs. 
of these samples showed groups 0 1  peaks with about 14 
mass units separation between adjacent maxima which
exhibited a regular diminution in intensity to merge addition to these, the products included components 
with background noise above m/e of 310. which show uv absorption at 226 nm and at 315 nm.

We are unable to specify the structure of the high- That responsible for the 315-nm absorption is discussed
molecular-weight product, the presence of which was above. It was formed in much larger concentrations
mentioned in the previous report.2 We suggest that in reactions carried out at + 1 .0 0  V than in those run
it is formed from the enamine, perhaps by condensation at + 1 .40  V. We assume that this material reacts fur-
with aldehyde, and, in the presence of dipropyl ammo- ther at the higher potentials. The compound respon-
nium ions in the latter stages of the reaction, is converted sible for the 226-nm absorption was isolated and identi-
to the salt form. Presumably stabilized by the conden- fied as 2-methyl-2-pentenalpropylamine. This com-
sation against C -N  scission, it is capable of undergoing pound was shown to be one of the products of oxidation
the enamine-salt conversion analogous to those shown of n-propylamine.1 It is formed in much larger con-
by cyclic amines. centrations from reaction at + 1 .4 0  V than at + 1 .0 0  V.

I t  is of interest to note that several examples of ena- The results described here indicate that the reaction 
mine formation by chemical oxidation of aliphatic of dipropylamine in the presence of small concentra-
amines have been reported. Leonard and coworkers8 tions of water is fundamentally similar to that of tri-
studied the mercuric acetate oxidation of a wide variety propylamine. The reaction causes dealkylation to
of monocyclic, bicyclic, and tetracyclic tertiary amines. form primary amine, propionaldehyde, and protons.
In general, the products showed a,/3-unsaturation and, The enamine is involved in a hydrolytic dealkylation
because they were cyclic compounds, they could be step as it is in the reaction of tripropylamine. There-
readily isolated and identified. Henbest and coworkers fore, it is possible in principle to perform an electro-
have reported the production of enamines by MnCh,9 chemical degradation, starting with a simple tertiary
benzoyl peroxide,10 and quinone11 oxidation of aliphatic aliphatic amine and proceeding stepwise through the
secondary and tertiary amines. They were detected secondary amine, the primary amine, and ammonia
by forming colored condensation products with halo- to elemental nitrogen together with the aldehydes and
genated quinones. protons formed in each of the steps. In practice, the

Anodic Oxidation of Secondary Amines.—To inves- formation of unreactive protonated amine greatly
tigate the differences in reactions of simple tertiary and reduces the yield in each successive step. Starting
secondary aliphatic amines, an examination of the be- with tripropylamine in acetonitrile, together with
havior of di-n-propylamine was carried out. In addi- enough water to assure that the dealkylation steps
tion to the experiments described above which show analogous to reaction 6 can occur, only a very small
that aldehyde is produced and that an enamine inter- yield of n-propylamine and no ammonia can be de-
mediate is involved for both tertiary and secondary tected in the product mixture,
amine dealkylations, an examination of .the reaction
products was undertaken. The product mixture was Experimental Section
shown to contain dipropylammonium and n-propyl- . T , , ,
ammonium ions and propionaldehyde. These com-

parent significant am ounts of im purities. T h e  solvent and sup-
(7) N. J .  Leonard and V. W. Gash, J .  Amer. Chem. Soc., 76, 2781 (1954). porting electrolyte were prepared as described previously .2
(8) N. J .  Leonard and coworkers, ibid., 80, 371 (1958), and preceeding P roced u res.— T h e electrolysis apparatus and procedures were

sim ilar to those previously described . 2 E lectrolyses were carried
(9) H. B . Henbest and A. Thomas, J .  Chem. Soc., 3032 1957. ^ annrlp«
(10) D. Buckley, S. Dunstan, and H. B . Henbest, ibid., 4880 1957. out m  H -type cells a t  perforated cylindrical platinum  anodes.
(11) H. B . Henbest and P. Slade, ibid., 1558 1960. T akin g  the geom etrical area of only the exterior of the anode as
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a measure of the effective electrode area, current density a t th e  T h e  mass spectra were obtained b y  distilling some of the con-
ou tset of a  typical experim ent am ounted to  9 .8  mA/crn1. T h is centrated  solution produced from  the spinning-band column into
decreased continuously during the experim ent to a constant value th e  spectrom eter in let system  while the fraction  was m aintained
of 9  fiA/cm2. Product analyses for P r2N H , P rN H 2, and E t -  below ice tem perature. I t  was ascertained, using a sam ple of
CH O  were performed b y  glpc using Dow fax 9N 9 w ith N aO H  and propionaldehyde in M eC N  of the appropriate concentration, th a t
also Carbow ax 2 0 M  as liquid phases. These were repeated a t the m olecular ion of the aldehyde is observed b y  this procedure.
7 5 ,1 0 0 , and 1 5 0 ° . How ever, the solvent peaks obscure the fragm entation p attern  of

Identification of Propionaldehyde-2-d.— A 150-m l M eC N  solu- the aldehyde, 
tion , 0 .2 5  M  in  N aC IO ,, 230 mM  in  D 20 ,  and 50 mM  in  dipropyl- Preparation of 2-M ethyl-2-pentenalpropylam ine.— A sam ple of
am ine, was electrolyzed a t a P t  anode a t + 1 .0 0  Y  vs. A g -A g N 0 3 this product was prepared to provide a comparison w ith th e  elec-
(0 .1 0  M ).  T h e product m ixture was distilled through a  spin- tro ly tica lly  generated m aterial by  'h e  procedure previously
ning-band colum n, the first 1 2  ml of d istillate b e ;ng taken  a t described .1
7 2 -7 4 ° . T h is fraction  was redistilled w ith the separation effi­
ciency m onitored by  glpc. A 2 -ml cut contained m ost of the aide- Registry No.— Di-n-propylamine, 142-84-7.
hyde; i t  was further fractionated  b y  glpc, using a Carbow ax 20M
column a t 1 0 0 ° . T h e  aldehyde fraction  was trapped and taken  Acknowledgment.'— We wish to thank Mr. Richard
up in CDC13 for nm r and ir exam ination. A sam ple of propion- Rosanske for assistance with the mass spectrometric
aldehyde in M eC N  was su bjected  to  the same separation to ascer- experiments. Support by the National Institutes of
ta in  th a t the separation procedure was not causing exchange. TTr  ' * . ,
T here  was ind ication th a t some of the aldehyde was lost because Health through Grant Number GM 10064 IS  acknowl- 
of condensation a t various stag es. edged.

M echanism  of the Ferricyanide-Catalyzed Chem iluminescence of Lum inol
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B io log ica l S ciences L aboratory , F ort D elrick , F red erick , M ary lan d  21701 

R eceived  A p r il  11, 1968

A study of the m echanism  of the potassium  ferricyanide chem ilum inescent oxidation of luminol (5-am ino-
2,3-dihydro-l,4-phthalazinedione) is reported. An im portant feature of the proposed m echanism  is the one- 
electron oxidation of the luminol dianion by  ferricyanide to 5-am m ophthalazine-l ,4-semidione. T h e  semidione 
interm ediate m ay react with oxygen to produce electronically excited 3-am inophthalic acid and nitrogen. A lter­
natively , the semidione m ay be further oxidized by ferricyanide in a nonlum inescent reaction.

In chemiluminescent systems, the rate of formation of generally been studied in the presence of hydrogen per- 
the excited state is given by oxide. In order to simplity analysis of the kinetics we

. .  h a v e  s tu d ie d  t h e  r e a c t io n  in  t h e  a b s e n c e  o f  p e r o x id e .
d[x]/di =  1 / 4, ( 1 ) F

where x is the luminescing molecule, <f> the quantum Experimental Section
yield for fluorescence of x, and i the intensity of emitted P
light. Thus, in systems where 0  does not change during Materials.—Commercially available luminol was used without

,, , 1 • . ■, - p further purification. When the sodium salt of luminol,4 which
the reaction the intensity is a measure of the rate of had bee'„ recrystamZed from water, was used, the results were
reaction. W e  have used this relationship to study the unchanged. A ll other reagents were of analytical grade and
mechanism of the potassium ferricyanide oxidation of were n ot further purified. All solutions used were freshly pre-
luminol (5-amino-2,3-dihydro-l,4-phthalazinedione, 1) pared.
in aqueous base Tight In ten sity  M easu rem en ts.— T h e  reaction vessel was a

test tube (15 X  150 m m ) placed in a  ligh t-tigh t com partm ent 
O provided w ith a sh u tter opening to an R C A  IP 2 1  phototube,
(i T h e ou tput voltage from  the phototube was displayed on a

__ H V arian recorder as a function of tim e. T h e apparatus was
I calibrated  w ith a standard lum inol reaction by  the m ethod of

^  T ee and Seliger5 so th a t the intensity  was reported in photons
I II second-1 .

NH2 O A solution of lum inol (3 .0  m l) in aqueous sodium  hydroxide was
1 placed in the test tu b e, and the reaction was in itiated  by  in jection

of a  potassium  ferricyanide solution (0 .3  m l). A stream  of air 
The chemiluminescence of luminol has been the sub- was bubbled continuously through the reacting solution. T h is

ject of numerous investigations.1 The mechanism of air stream  ensured th a t the solution was kep t saturated  w ith
the reaction in aqueous dimethyl sulfoxide has been °fygen and that m™nf of the rea°tants was rapid. The rate

v xtTuu •> mi. , c r . , , 01 mixing appears to be fast compared to intensity decay; chang-
studied by White.2 The role of ferncyamde as a cat- ing the rate of air flow bto the solution did not alter the initial 
alyst has been explored;3 however, the exact mechanism intensity of emitted light.
of its action has not been elucidated. A Y-shaped reaction vessel equipped w ith a vacuum  stopcock

We studied the kinetics of the reaction in order to was used to measure in tensity  as & function of pressure. T h e
C la rify  t h e  r o le  o f  f e r r ic y a n id e  in  t h is  o x id a t io n . T h e  lu l™ 01 aolutlon (3 .0  m l) was placed in one arm  of the vessel,

1 .1 • _ and the ferricyanide solution (0.3 ml) m the other. The solutions
chemiluminescence ‘With ferricyanide as a catalyst has were degassed, and air was introduced at known pressure. The

vessel was placed in a ligh t-tight box, and the reaction was
(1) E . H. White, “Light and Life,” W. D. McElroy and B. Glass, Ed., ---------------------

Johns Hopkins Press, Baltimore, Md., 1961, p 183. (4) E . H. Huntress, L. N. Stanley, and A. S. Parker, J . Chem. Educ., 11,
(2) E . H. White, O. Zafiriou, H. M. Kagi, and J .  H. M. Hill. J .  Amer. 241 (1934).

Chem. Soc., 86, 940 (1964); E . H. White and M. M. Bursey, ib id ., 86, 941 (5) J .  Lee, A. S. Westley, J .  F . Ferguson, I I I ,  and H. H. Seliger, in
(1964). “Bioluminescence in Progress,” F. H. Johnson and Y . Haneda, Ed., Prince-

(3) F . H. Stross and G. K. Branch, J .  Org. Chem., 8, 385 (1938). ton University Press, Princeton, N. J . ,  1966, p 35.
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Figure 1.— In itia l in tensity  as a  function of base concentration: /

in itia l concentration of lum inol and K 3F e (C N )6, 5 .14  X  1 0 - 4  2 - /
m l-1 ; no K 4F e (C N ) 6 added in itially . /

,4

in itiated  by  a device th a t  rocked the Y -tu b e  b ack  and fo rth , /
thus mixing the reactan ts. E m itted  ligh t was m onitored w ith an /%
R C A  IP 2 1  p hototube. /

Spectral M easu rem en ts .— T h e  chemilum inescence sp ectra  ]L---------- 1------------u------------1------------ 1------------ 1------
were measured in an Aminco—Bow m an spectrophotofluorom eter '  3 4 S
modified to perm it in jection  of ferricyanide solution into th e  [luminol] xlO4
sample cell. T h e  fluorescence spectra were m easured on a  Turner
Associates M odel 210 spectrophotofluorom eter. Figure 2.— In itia l in tensity  as a  function of lum inol concentra­

tio n : in itia l concentration of hydroxide, 9 .1  X  1 0 - 2  m l- 1 ; of 
Results and Discussion K 3F e (C N )6, 5 .14  X  1 0 - 4 m l - 1; no K 4F e (C N )6 added initially .

It has been established that 3-aminophthalic acid (6) . . .  . . . . .
is the emitting species when the reaction is carried out late that the dianion is the reactive species in this
in aqueous dimethyl sulfoxide.2 Similarly, we have system. White2 has postulated that the dianion is
compared the chemiluminescence spectra of the ferri- autoxidized directly in potassium i-butoxide—dimethyl
cyanide-catalyzed reaction with the fluorescence spectra sulfoxide solution. However, such an autoxidation
of 6 in the presence of potassium ferricyanide. The would not be expected to be rapid in aqueous solution
spectra are identical, both exhibiting wavelengths of since the concentration of the dianion is much lower,
maximum emission at 450 mg. These data lead us to The reaction is also first order m luminol concentra- 
conclude that 6 is also the emitting species in the ferri- tion as shown in Figure 2.
cyanide-catalyzed chemiluminescence. The flúores- The effect of potassium ferricyanide concentration on 
cence maximum of 6 is shifted from 425 to 450 mg by reaction rate is shown in Figure 3. The rate does not
the addition of an equimolar amount of potassium increase linearly with increasing ferricyanide but tends
ferricyanide. We have shown that equimolar amounts to level off at higher ferricyanide concentration,
of potassium ferricyanide or potassium ferrocyanide do Next, the effect of oxygen on the chemiluminescence 
not quench the fluorescence of 3-aminophthalate under was investigated. The light intensity was usually mea-
the reaction conditions. sured while bubbling a stream of air into the solution.

The rate of formation of 6 should be proportional to When this air stream was replaced by a nitrogen stream,
the intensity of emitted light. With this relationship in no light was emitted upon injection of ferricyanide so-
mind, we have measured the effect of reactant concern lution. Furthermore, replacement of the nitrogen by
tration on intensity. The reactants in question are hy- air 10 mm after injection of the ferricyanide gave no
droxide ion, luminol, potassium ferricyanide, and light. These results, along with those of Wilhelmsen,
oxygen. The effect of varying the concentration of a et al.,1 show that oxygen is necessary for the production
given reactant on intensity was measured while holding of light and that, in its absence, the luminol is con-
the concentration of all other reactants constant. In sumed by ferricyanide in a nonluminescent reaction,
all cases, the initial intensity, i0, was recorded as a func- Figure 4 shows the effect of air pressure above the 
tion of concentration. luminescing solution on intensity. Because air pressure

Figure 1 shows that the reaction is first order in hy- is proportional to concentration of oxygen m solution,
droxide ion concentration over the pH range 12-13. Figure 4 shows the dependence of reaction rate on
In this pH range, complete formation of the monoanion oxygen concentration. The curve is similar to that ob-
of luminol (pKa = 6)6 is expected. If the monoanion tained for the effect of ferricyanide concentration on
were the reactive species, an effect of hydroxide ion on intensity. The effect of oxygen on intensity cannot be
intensity would not be anticipated in this pH range. due solely to quenching of fluorescence of ammophtha-
However, because such an effect is observed, we postu-

(7) P C Wilhelmsen, R . Lumry, and H. Eynng, in The Luminescence 
(6) A K. Babko and L. 1. Dufovenko, V k ,  K kim . ZK.. 29, 479 (1963); of Biological Systems,” F  H Johnson Ed., American Association for the 

C h i .  A M ..  59, 4594c (1963). Advancement of Science, Washington, D. C„ 1955, p 75.

F erricyanide-Catalyzed Chemiluminescence of Luminol J .  O rg. Chem., Vol. 35, No. 7, 1970 2179



r vo-
7

o . —

«>

I 6- X_C /a  gf
i  < /
!  4 -  /
-  An

* /
//

Ql---------------------- 1-----------------------1-----------------------1------------------------200 400 600 800
P ressure mm

Figu re 4 .— In itia l intensity  as a function of in itia l pressure of 
air above solution: in itial concentration of hydroxide, 9 .1  X  
1 0 - 2  m l- 1 ; of lum inol and K 3F e (C N )6, 5 .14  X  1 0 ~ 4 m l- 1 ; no 
K 4F e (C N )s added initially .

The first step is simply the formation of the dianion 3 
of luminol. The dianion is reversibly oxidized by 
ferricyanide to the semidione structure 4 shown in one

______ i_____ i______i______i______ i of its resonance forms. The oxidation of 3 is written
1 2 3 4 5 as reversible because addition of potassium ferrocy-

[k3 Fe(CN)6] xio4 anide decreases the intensity of emitted light. Rever-
r, T ... i - . ., , sible one-electron transfers have been proposed for other

centration : in itia l concentration of hydroxide, 9.1 x  10~2 ml-1; ferricyanide oxidations. Alternatively, a sequence
of luminol, 5 .14  m l- 1 ; no K 4F e (C N )6 added initially , can be written involving oxidation of 2  followed by re­

moval of a proton by hydroxide to give the semidione.
. The semidione reacts with oxygen to give the peroxy

late by 0 2. The fluorescence of 3-ammophthalate is de- radical 5. The peroxy radical is subsequently reduced
creased by only 10% in the presence of pure oxygen as jn a fast step t0 give peroxy anion. We have depicted
compared with its fluorescence under nitrogen. the reducing agent as ferrocyanide produced during the

To explain the effect of reactant concentration, the reaction. We feel that in the absence of any other ob-
mechanism outlined in Scheme I is proposed. vious reducing agent, ferrocyanide is the most logical

choice. The fact that ferricyanide is only 50%  con- 
S ch em e  I  sumed during chemiluminescence supports this con­

tention. Reduction of 5 by ferrocyanide must occur 
k after the rate-determining step to explain the inhibitoryPsX„*6" T V  PJC effect of ferrocyanide ion.

J '' ' The peroxy anion decomposes to electronically ex-
2 cited 6 with loss of nitrogen. A concerted decomposi-
2 3 tion of peroxy anion to give aminophthalate and ni-

9_ trogen, as depicted, would be expected to be rapid with
3 + Fe(CN)"3  —  (r̂ T̂ !i* + Fe(CN)"4 loss of nitrogen as the driving force. In the light-pro-

6 * T T  V V n 6
NH2 ° -nA “ P"

,  4 .  j J f >  -  C X o r  + N°

4 * ^ a d  @ 0  * • * <  k
NH2 o NH, °

5 | ,ast ducing sequence proposed in Scheme I, the ferricyanide
CQ. acts only as a catalyst and is not consumed. In this

fQT' 2 +N +h connection it should be noted that the potassium ferri-
T^COj 2 cyanide is not completely consumed during the chemi-

■ i i  . . .  NH2 luminescence. A solution containing 2.82 X  10~4 M
6 K 3Fe(CN )6 and 2.82 X 10 4 M luminol initially, was

o 9 found, by ultraviolet spectroscopy, to contain 1.24 X
4 iFo(CM)'3 k4 if or [Q j l[1'OH+F (cn)4 10“4 M K3Fe(CN )6 at the termination of luminescence.

'b W N V S r ^ ' ” 6 However, both luminol and ferricyanide are destroyed
NH2 °  NH2 O

7  (8) C. G. Haynes, A. H. Turner, and W. A. Walters, J .  Chem. Soc., 2823
7  8  (1956).
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/  Figure 6.—Plot of reciprocal of initial intensity vs. reciprocal of
f  initial pressure of air above solution.

3 -  r

I  If the initial intensity, u, is measured, and no ferrocy-
1 / ___________]_____________ t_________  anide is added, the second term on the left-hand side of
1 2 3 eq 4 drops out.

In te n s ity - ’  sec p h o to n - ’ x l0 13 X —OH] [2] ^
Figure 5.—Plot of reciprocal of initial intensity vs. reciprocal of [Fe(CN)8 ] k3[0-i} i'o

[KsFeCNe]. A plot of [K3Fe(CN )6] vs. i0~1 should be linear with a
slope equal to <£fca[2][- 0H ] and an intercept of kt/k3-

, , ,. rrv.. [0 2]- Such a plot is shown in Figure 5 ; a least-squares
in a competing nonlummescent reaction. This non- treatment ives #  =  L6 x  10«  L. photon mol- ’
luminescent reaction is the two-electron oxidation of x and Q = 6 g  x  1Q3 ] mol-i .
luminol by ferncyanide Although the product of the Substitution of h/h [0i] into eq 3 enables calculation
two-electron oxidation has not been isolated, it is most from the data in Fi s j  and 2 . Such calcula-
hhely 7 or 8. Both of these products would be ex- tiong = L ? x  1Q21 j 3 hoton mol_, sec- i  from
tremely labile under the reaction conditions.9 Figure 1 and 4>K =  1.5 X  10« l.3 photon mol-3 sec-1

Let us consider whether the proposed mechanism is . ° j,. 2
consistent with the effects of concentration on inten- r “  J  of ' ^ - i  w> reciProcal of initial intensity
S17 ;  , , , , ,  . should also be linear when the concentrations of all other

If a steady-state concentration of 4 is assumed,“ the reactantg are held constant. This linearity is demon­
rate of product formation is given by strated in Figure 6 as the reciprocal of air pressure over

fca[-0H][2][Fe(CN)63- M 0 2] thesolution plotted against f0-1; ..........................
dl6J/di -  fc3[02] +  fc_"dFe(CN)34-] +  A4[Fe(CN)63-] [> When potassium ferrocyamde is added to the reac­

tion initially, the second term on the left-hand side of 
where eq 5 does not drop out. If the concentrations of all

, _  , , ,, [tt other reactants are held constant, a plot of added
1 2 - 1  2 ferrocyanide vs. to-1 should permit evaluation of h/k3-

From eq 1 and 2, an expression for intensity as a func- [O2]. This plot, shown in Figure 7, gives k2/k3 [0 2] =  
tion of reactant concentration at any time is obtained 8.9 X  10*1. mol-1.
(eq 3). This expression is consistent with the observed A chain mechanism similar to that proposed lor cer­

tain autoxidations may be envisioned.11 In such a
. _  ______ [~OH] [2] [Fe(CN)68~]fc3[(0 2)]_____  mechanism, the ferricyanide acts as an initiator, and the
1 ~ * 0 fe[02] +  *_2[Fe(CN)64-] -I- L[Fe(CN)63~] peroxy radical 5 is reduced in a chain-carrying step by

the luminol dianion. If this mechanism were operative, 
first-order dependence of luminol and hydroxide ion. the expression for intensity as a function of concentra- 
Equation 3 may be written in a more useful form. t -Qn w0ldd be

1 fc_2[Fe(CN)6̂ L  +  _ J i _  _  A1-QH1I21 < = (6)
[Fe(CNV- ] +  fc3[02][Fe(CN)63-] +  fe[02] i fc-2[Fe(CN)6 ] +  fc4[Fe(CN)6 ]

This relationship, however, is inconsistent with the ob- 
---------------- served effect of oxygen concentration on intensity. A

(9) R . A. Clement, J .  Org. Chem., 25, 1724 (1960); T . J .  Kealy, J . Amer. . „  T „  , , T „
Chem Soc 84 966 (1962). (11) G. A. Russel, E . G. Janzen, A. G. Bemis, E . J .  Geels, A. J .  Moye,

(10) A. A. Frost and R . G. Pearson “Kinetics and Mechanism," 2nd ed, S. Mak, and E . T. Strom, “Selective Oxidation Processes,” R . F . Gould,
John Wiley & Sons. Inc., New York, N. Y„ 1961, p 237. Ed., American Chemical Society, Washington, D.C., 1965, p 121.
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1 mechanism in which the nonluminescent reaction is the
3 0 ®' /  oxidative dimerization of luminol is ruled out because

/  the reaction would not be first order in luminol.
/  A key feature of the reaction is competition of oxygen

/  and ferricyanide for the semidione. Systems which
/  provide a direct source of hydroperoxy radical for reac-

/  @ tion with the semidione will enhance light production.
2.5- /  Thus hydrogen peroxide increases the intensity and

/  quantum yield. A solution 4.62 X  10~5 M in luminol,
X  5.14 X  10~4 M in K 3Fe(CN)6, and 0.08 M in hydroxide

/  has a quantum yield of 3.8 X  10-7. A similar solution
« a /  8 X  10 “3 M in hydrogen peroxide has a quantum yield
° /  of 3.25 X  10~6. In the presence of oxygen, the semi-

' ' /  dione is consumed by further oxidation with ferricy-
| /  anide.

® / This competition between reaction with oxygen and
g /  further oxidation is probably a general feature of all

•j /  chemiluminescent reactions of luminol in which a one-
£  i.5 - /  electron oxidant is employed. The fact that chemi-
| '  luminescence occurs at all is due to the stability of the
-  5 semidione to further oxidation. In this connection,

note that electron-donating substituents on the aro­
matic ring enhance luminescence. Such substituents 
would be expected to increase the stability of the semi- 

’ o l---------2--------- 3---------4--------- 5--------  dione.12

]*4 Fe(CN)6]  * '° 4 Registry No.—Potassium ferricyanide, 13746-66-2;

Figure 7.— P lo t of concentration of K 4F e (C N )8 vs. reciprocal of 521-31-3.
in itia l in ten sity : in itia l concentration of hydroxide, 8 .2  X  H T 2 (12) K  H White and M . M. Bursey, J .  Org. Chew... 31, 1912 (1966). A
m l , 01 luminol, 4 .9 9  X  10 4 m l j of K 3F e (C N )6j 5 .06  X  referee has pointed out that electron-donating substituents also increase
1 0  4 ml 1. the fluorescence quantum yield of the phthalates.

Pyrolysis Studies. X I X . 1 Substituent Effect of l-A ryl-3-b uten -l-ols

Grant G ill  Smith2“ and K ent  J .  Voorhees23

D epartm ent o f  C hem istry, U tah State U niversity, L ogan , U tah 84321  

R eceived  October 14, 1969

T h e  unim olecular homogeneous therm olysis of nine l-ary l-3 -b u ten -l-o ls  has been studied in a seasoned, 
constant-volum e, stainless steel reactor. Arrhenius param eters have been evaluated  in the tem perature range 
of 6 1 0 -6 4 4 °K . T h e  sm all p value ( — 0 .26) from  a H am m ett p a  p lot indicates a m inor substituent effect for them eia 
and p a ra  isomers w ith apparently little  or no charge developm ent a t  the 1 position in the proposed concerted six- 
membered ring transition sta te . A n o-m ethoxy su bstituent showed a marked proxim ity effect with an activation 
energy 4 -7  kcal/mol lower and an en trop y of activation  of 6 -9  eu, more negative than  the other compounds 
studied.

/^-Hydroxy olefins have been reported to pyrolyze to position and a slight negative charge developing at the 
olefins and carbonyl compounds by a unimolecular 4 position in the transition state.
homogeneous reaction, likely through a six-membered- No direct study of w contribution has been reported 
ring transition state.3 4 The influence of 3- and 4- at the carbinol position; only competitive6,7 type reac- 
phenyl and 1-alkyl substituents on the ease of thermol- tions have been studied.
ysis of 3-buten-l-ol has been reported by Smith and The gas-phase thermolysis of l-aryl-3-buten-ols re-
Yates.6 ported in this study, when compared with the result re-

They found that it contribution increased the rate of ported by Smith and Yates,6 further substantiates the
pyrolysis at the 3 position more than at the 4 position nature of this reaction and gives additional insight con-
and that the rate of pyrolysis followed the sequence cerning the transition state, 
tertiary >  secondary >  primary for alkyl substitution
at the carbinol position. They presented a qualitative Results
picture consisting of a positive charge forming at the 3

l-Aryl-3-buten-l-ols were pyrolyzed in a deactivated
(1) Part x v n i :  k . k . Lum and g . g . Smith, in i. j . Chem. Kinetics, s t a i n l e s s  s t e e l  r e a c t o r 8 o v e r  a  t e m p e r a t u r e  r a n g e  o f

1, 401 (1969).
(2) (a) To whom all communications should be sent; (b) National De- (6) A. Viola, E . J .  Iorio K. K. Chen, G. M. Glover, U. Nayak, and

fense Education Act Predoctoral Fellow, 1968-1970. P. J .  Kocienski, J .  Amer. Chem. Soc., 89, 3462 (1967).
(3) R . T . Arnold and G. Smolinsky, J .  Org. Chem., 25, 129 (1960). (7) K . J .  Voorhees, G. C-. Smith. R . T . Arnold, D. G. Mikolasek, and
(4) G. G. Smith and R . Taylor, Chem. Ind. (London), 35, 949 (1961). R . R. Covington, Tetrahedron Lett., 205 (1969).
(5) G. G. Smith and B . L. Yates, J .  Chem. Soc., 7242 (1965). (8) G. G. Smith and J .  A. Kirby, Analyst (London), 94, 242 (1969).
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T a b l e  I --------------------------------------------------------------

R a te  C o n stan ts, T e m p e r a t u r e s , and 1 / T  f o r  '  A
Thermolysis o f  1-Arti^3-buten-1-ols _ %_T Cno-Cn'LHo'CH-OH /

No. o p -  ^ ^ z
of 102*, ■

Compound runs sec- * Temp, °K  1 /T  X 10s z '

1-Phenyl-3-buten-l-o l 6 3 26 6 4 4 .8  1 .6 5 1  2 .0 -  s '
3 1 .8 2  6 3 0 .9  1 .5 5 8  *  f
3 1 .2 1  6 2 2 .9  1 .6 0 5  § 1 8 .
4  0 .8 7 7  6 1 5 .4  1 .6 2 5  - J  ) /
3 0.622 610.4 1.638 '

l-p -M ethylp henyl-3- 3 2 .1 0  6 3 2 .6  1 .5 8 1  1 6 "
bu ten-l-o l 3 1 .5 3  6 2 5 .5  1 .5 9 9  «r

3 1 .1 4  6 1 8 .3  1 .6 1 7  1 .4 - /
3 0 .7 3 8  6 0 9 .7  1 .6 4 0

l-p-C hlorophenyl-3- 5 2 .9 2  6 4 1 .7  1 .5 5 8  , , , , ,
bu ten -l-o l 3 1 .8 4  6 3 2 .0  1 .5 8 2  1 .5 6  1 .58  1 .60  1.62 1.64

3 1 .3 5  6 2 5 .5  1 .5 9 9  1 / T x 1 0 3
3 0 .9 4 3  6 1 8 .0  1 .6 1 8
3 0 .3 9 6  6 1 0 .8  1 .6 3 7  F igu re 1.— Arrhenius p lot of l-p hen yl-3-b u ten-l-o l therm olysis.

1-p-M ethoxyphenyl- 3 2 .4 5  6 3 3 .9  1 .5 7 8
3-buten-l-o l 5 1 .4 8  6 2 3 .5  1 .6 0 4  ---------- 1------------1------------1------------1------------1-----

3 1 .0 8  6 1 4 .9  1 .6 2 6  * 0 - 4 -
3 0 .7 3 7  6 0 7 .6  1 .6 4 6

1-m -M ethoxyphenyl- 3 2 .0 0  6 3 1 .9  1 .5 8 3
3-bu ten -l-o l 4  1 .2 8  6 2 1 .7  1 .6 0 8  * ° ' 2  ~  ^ D - O M e

3 0 .7 8 7  6 1 2 .9  1 .6 3 2
3 0 .6 6 5  6 0 8 .6  1 .6 4 3  . .

1-m -M ethylphenyl- 3 2 .0 0  6 3 3 .7  1 .5 7 8  I ?  O -  m-Me •
3-bu ten -l-o l 3 1 .2 6  6 2 2 .5  1 .6 0 6  H

3 0 .7 6 7  6 1 3 .2  1 .6 3 1  n  ?
3 0 .6 2 9  6 0 8 .1  1 .6 4 5  - U - 4 -

l-o-M ethylphenyl-3- 3 2 .2 9  6 3 2 .2  1 .5 8 2
bu ten -l-o l 3 1 .4 9  6 2 2 .2  1 .6 0 7  I , , , , j

3 1 .1 6  6 1 5 .5  1 .6 2 5  _ a  A  - A  9  A  A O  C\ a
l-o-C hlorophenyl-3- 3 2 .0 7  6 3 1 .3  1 .5 8 4  U '^  U  +U'^

b u ten -l-o l 3 1 .2 0  6 2 1 .7  1 .6 0 9  CT
3 0 .7 5 5  6 0 9 .7  1 .6 3 6  „  ,

1-o-M ethoxyphenyl- 6 1 .7 9  6 3 4 .4  1 .5 7 7  F igu re 2 .-H a m m e t t  p lot of l-a ry l-3 -b u ten -l-o ls , p =  - 0 .2 6 .

3 -bu ten -l-o l 6 1 .1 0  6 2 2 .5  1 .6 0 7
10 0 .7 0 4  6 1 1 .2  1 .6 3 6  T a b l e  I I

Arrhenius Parameters for 1-Aryl-3-buten-1-ols
.Ea, AS+ eu, Correlation

608-645°K , and the products, propene and substituted compound kcai/moi at 619 ° k  Log a  coefficient

benzaldehydes, were identified. Table I lists the first- l-P h en y l-3 -b u ten -l-o l 3 6 .2  - 1 0 . 5  1 0 .8  - 0 . 9 9 9
order rate constants which were obtained over 95%  of l-p -M ethylp henyl-3-
the pyrolysis and the temperature of pyrolysis for these buten-l-ol 3 4 .9  — 1 2 .3  1 0 .4  —0 .9 9 9
compounds. The stoichiometry was established by the l-p -C hlorophenyl-3-
ratio Of Po/P„ (1:1.99). buten-l-ol 36.1 - 1 0 .8  10.7 -0 .9 9 9

Reproducibility of the first-order rate constants was l-p -M ethoxyphenyl- 
, nrrr c 1 1  1 1  , 3 -b u ten -l-o l 3 5 .6  — 1 0 .9  1 0 .7  —0 .9 8 7

±  2 % ,  and introduction of cyclohexene had no effect on i - m-M ethoxyphenyl-
the rate (3.24 X  1 0 -2 compared with 3.18 X  1 0 -2 with 3-b u ten -l-o l 3 6 .9  - 9 . 3  11.0 - 0 . 9 9 8
cyclohexene for l-phenyl-3-buten-l-ol), thus demon- i-m -M ethylphenyl-3-
strating the absence of a radical chain reaction and the b u ten -l-o l 3 4 .9  - 1 2 . 5  1 0 .4  - 0 . 9 9 8
unimolecularity of the reaction. Variation of the l-o-M ethylphenyl-3-
sample size (0.10-0.25 ml) and initial pressure (80- b u ten -l-o l 3 6 .5  —9 .8  ll.o  —0 .9 9 9
200 mm) was made (for each compound) with no effect l-o-C hlorophenyl-3-
on the reproducibility. b u ten -l-o l 3 8 .4  —6 .8  1 1 .6  —0 .9 9 8

An Arrhenius plot of each compound gave a straight 1-o-M ethoxyphenyl- 
r  , • , • , c  - Y , o , , - , . 3 -b u ten -l-o l 3 1 .4 “ - 1 8 . 4  9 .1  - 0 . 9 9 9line which is illustrated for l-phenyl-3-buten-l-ol in , ,
t .. riii l - i  f  j  i. • i. i , i  ° Special care was taken  to  ensure th a t the reactor surfacesFigure 1. The quality of the data is shown by the cor- were I(lompletely deactivated.
relation coefficient of the linear regression of each Ar­
rhenius plot (Table II). i , ., , ,  r . , .  , ir . r „ . v „  ,, , , ... . moleculanty and homogeneity of this reaction and alsoFigure 2 is a Hammett pa plot resulting in a p of a , . , ® , . , ... , . „no)- i i i j  • t • , . supports a six-membered-nng transition state.—0.26 calculated using a hnear repression analysis. ^ 'T , ,, , , “ ., , - , , , ̂ Furthermore, they demonstrate that a 1-phenyi sub-

. stituent has twice the effect on the ease of thermolysis
Discussion

As stafpd thp results from this stndv rm the thprmnl- (9) (a) R' T- Arnold and G' Smolinsky’ J- Amer- Chem' Soc- M> 4919AS S tated , tn e  resu lts  iro m  tm s S tu ay  on  tn e  tn e rm o i <1960); (b) R . T . Arnold and G. Metzger, J .  Org. Chem.. 26, 5185 (1961);
ysis of l-aryl-3-buten-l-ols further substantiate the uni- (c) R. T . Arnold and G. Smolinsky, J .  Amer. Chem. Soc., 81, 6443 (1959).
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at 619°K  as does a 3-phenyl substituent and 83 times values are significantly lower than the others, they were
the influence that was reported for a 4-phenyl substit- carefully reinvestigated several times, particularly to
uent. This substituent also showed 7.5 times the in- determine if the reactor surface was activated. (E&
fluence of a methyl group at the carbinol position. values are lower for reactions showing heterogeneous
Rate constants and relative rates are shown in Table reactivity.) After taking extensive deactivation and
H I. standardization precautions,12 no change in the values of

¿/a and AS 4  was detected.
Table III The explanation for these marked differences is, of

Rate Constants and Relative R ates course, caused by a proximity effect peculiar to the al-
for the T hermolysis of /3-Hydroxy Olefins kyoxy group which is not found with either an o-chloro

10̂  k (sec-i), Rei or o-methyl substituent. The entropy difference (de-
(3-Hydroxy olefins at 619 "k rate grees of freedom) between the ground state and activa-

3- B u te n -l-o l 0 .0 5 3  4 .4  tion c o m p le x  is significantly more negative for the o-
4 - P enten-2-ol 0 .1 3 1  1 0 .9  methoxy derivative than for other ortho derivatives or
2-M ethyl-4-penten-2-ol 0 .2 8 0  2 3 .3  the p-methoxy compound. Perhaps the methoxy
l-P h en y l-3 -b u ten -l-o l 1 .0  8 3 .0  group is less free to rotate in the transition state than in
'p, eny, „ Ku,en 1 °, n mo i n the ground state, although the reason for this is not

clearly understood. It is possible that an o-methoxy 
group raises the entropy of the ground state and also 

At least two factors may contribute to the rate en- rajses the ground-state energy. But it is more logical,
hancement: (a) crowding in the ground state at the howeverj that the 0.methoxy group lowers the energy
carbinol position which may cause steric acceleration; of the transition state, probably through a direct field
and (b) electronic stabilization of the transition state. effect between the o-methoxy group and the reacting
Neither of these factors alone offers a completely satis- group. A better understanding of this interesting
factory explanation. proximity effect awaits future study.

Crowding in the ground state by a phenyl substituent Generally speaking, the results from this study seem 
would not be expected to be as large as by two methy to indicate that the thermolysis of /3-hydroxy olefins 
groups at the same position (Ea for phenyl is -0 .9 0  and eds through a highly concerted electrocyclic pro-
Es for methyl is 0 ); yet l-phenyl-3-buten-l-ol (1) pyro- cegg with modest substituent effects. Since, however,
lyzes four times more readily than 2-methyl-4-penten- a j j group hag the most sigIlificant effect, the bond
2-ol (2) whlch has two methy! SrouPs attached at the clea most important in controlling the activation
carbinol position. The comparative rate constants for energy ig between Cl and Cs carbon atoms. In highly

C H 3 concerted electrocychc reactions conjugation is known
I to be especially important.13 The results for the 1-,

C H = C H - C H 2CH O H  CH2=CH  C H 2 C OH 3_j and 4-phenyl-3 buten-l-ol study bear this out.
C 6H 5 C H 3 When 3-buten-l-ol is substituted at the 4 position with

l 2 a phenyl group, conjugation is lost during the reaction,
, . „ , , , „ ,, , . , , . and, therefore, a phenyl group at this position slows

thermolysis of 1-phenyl ^ a  1-methyl and 1,1-dimethyl down the rate of thermolysis while it increases the rate
substituents are shown m Table III. at the other two positions as expected, based on the

The greater effect of phenyl over alkyl substituents i tance of conjugation to highly concerted electro- 
at the carbinol position suggests that a charge develops Uc reactions. Tke partial charge developing at the
at the carbinol carbon m the transition state. The ex- 1 ition is stabiiized by the developing C = 0  group
tent of this charge, however must be modest as the p ag well ag b the ri which helps to explain the small
value m the pa plot was small ( — 0.2b), and the correla- value (0 26) 
tion was significantly better with a than <r+. A plot of 
Brown’s and Okamoto’s10 a+ against log k/k0 gave ai • i 11 j  i* •ii i . Jixpcnni6nt3.l oGctionslightly curved line with considerably more scattering r
than was observed for the regular Hammett plot. Synthesis of l-A ry l-3-b u ten-l-o ls.— A ll of the l-a ry l-3 -b u te n -l-  
Steric effects are reported to be minor in the gas phase.11 ° l s were prepared by  tne sam e procedure, beginning w ith the 
The acceleration in rate is more likely caused by a appropriate su bstituted  benzaldehyde and allylm agnesm m

weakening of the C -C  bond at the carbinol carbon by typ ical case. In form ation concerning the synthesis of th e  other
the attached phenyl substituent through a slight stabili- l-a ry l-3 -b u ten -l-o ls  can be found in T ab le  IV . 
zation of the transition state. The most significant ob- l-P h en y l-3 -b u ten -l-o l.— Allyl brom ide (40 g) dissolved in 50
servation, however, is that gas-phase thermolysis of 8- etdier was added dropwise to magnesium ribbons (8 .25  g)
n 1 ^ ^  i i - , 1  A i i u .  suspended in a 10 M  (250 m l) excess of e ther. Tw o hours la terhydroxy olefins proceeds ma a highly concerted electro- thePreaction has subsî edj and the mixture was cooled to _  10%
c y c l ic  p r o c e s s  r e s u lt in g  m  o n ly  m in o r  s u b s t i t u e n t  e f fe c t  and 3 2  g of benzaldehyde in 50 ml of ether was added dropwise.
a c t i v i t y .  A fter addition of the benzaldehyde, stirring was continued for

E n e r g y  o f  a c t i v a t i o n  v a lu e s  r e p o r te d  in  T a b l e  I I  1 hr a t  which tim e a saturated  solution of ammonium chloride
range between 34.9 and 38.4 kcal/mol excepting that was add?dr to hydrolyze the com plex. T h e ether layer was
£ i  ,i  -j i c i i  i i 1 . , .  . , separated from  the aqueous layer and dried using m agnesium
or -o-metnoxyphenyl-3-buten-l-ol which IS reported su lfate. T h e  aqueous layer was extracted  w ith three 100-m l

as 31.4 kcal/mol. The AS 4  for this compound is also portions of ether. These portions were dried and combined w ith
considerably more negative, (—18.4 eu). Since these the first portion. T h e resulting solutions were filtered and the

(10) H. C. Brown and Y . Okamoto, J .  Amer. Chem. Soc., 80, 4979 (1958). (12) R . Taylor, G. G. Smith, and W. H. Wetzel, J .  Amer. Chem. Soc., 84,
(11) G. G. Smith, K . K . Lum, J .  A. Kirby, and J .  Pospisil, J .  Org. Chem., 4817 (1962).

34, 2090 (1969). (13) A. Maceoll, and P ..J . Thomas, Progr. React. Kinet., 4, 119 (1967).
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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  and  Y ie l d s  o f  1-A r y l -3 - b u t e n -1 - o l s

Index of
refraction, Yield, ^-Calcd, %  -  ,-------- Found,“ %-------- ,

Compound n%> Bp (mm), «C % C H Formula C H Cl
l-Phenyl-3-buten-l-ol (a) 1.53148 71 (0 ,75 ) 41 81 .0 4  8 .1 0  C10H12O 81 .16  7 .92
l-p-Methoxyphenyl-3-buten-l-ol (b) 1.5365 102-103 (0 .3 5 ) 18 74 .13  7 .9 2  CuHi40 2 73 .53  7 .7 8
l-p-Chlorophenyl-3-buten-l-ol (c) 1.5511 98.5-99 (0.30) 60 65 .76  6 .0 7  Ci0H uOCl 65 .39  5 .91  19.88*
l-o-Methylphenyl-3-buten-l-ol (d) 1.5313 74 (0.50) 19 81 .44  8 .7 0  CnHI40  81 .2 4  8 .7 0
l-p-Methylphenyl-3-buten-l-ol (e) 1.5280 74-75 (0.42) 26 81 .4 4  8 .7 0  C„H 140  81 .80  8 .80
l-m-Methylphenyl-3-buten-l-ol (f) 1.5272 79-80 (0.80) 31 81 .44  8 .7 0  C uH „0 81 .8 8  8 .5 7
l-TO-Methoxyphenyl-3-buten-l-ol (g) 1.5372 96-97 (0.30) 18 74 .13 7 .9 2  CnH140 2 73 .53  7 .9 5
l-o-Chlorophenyl-3-buten-l-oh (h) 83 (0.38) 16 65 .76  6 .0 7  Ci0H„OCl 65 .43  6 .0  19.91*
l-o-Methoxyphenyl-3-buten-l-ol' (i) 96 (0.32) 20 74 .13  7 .9 2  CnH140 2 74 .52  8 .06

° The analytical work was done by M. H. W. Laboratories, Garden City, Mich. h L it.14 n ad 1.5305. <■ Solids at room temperature. 
* Calcd 19.42% .

excess ether removed by evaporation under vacuum. Distillation spectrometer gas cell and analyzed from this directly by mass 
yielded 18.4 g of product: bp 71° (0.75 mm); yield 41% ; spectroscopy. The aldehydes were dissolved in deuteriochloro-
n 2SD 1.5314 (lit. n 26D 1.530514); nmr 8 7 .1 , 5 .1 -6 .0 , 4 .6 , 2 .3 , form containing an internal tetramethylsilane standard for nmr
2.2 ; ir OH at 3400—3800 cm -1. analysis.

A nal. Calcd for C ioH i20 :  C, 81.0; H , 8 .1 . Found: C, The products, the stoichiometry, and excellent kinetic data
81.16; H, 7.92. _ _ conclusively demonstrated that the pyrolysis in a seasoned re-

Method of Pyrolysis. The kinetics of pyrolysis were done actor of these /3-hydroxy olefins followed first-order kinetics to 
using a carefully deactivated stainless steel static reactor8 fitted greater than 99%  of the reaction in the temperature range 
with a null point gauge and an exterior pressure measuring sys- studied, 
tern. A small sample (0 .15-0 .25  ml) of alcohol was injected, the
reactor sealed, and the pressure followed with time. A pressure Registry N o .— Table I V — a, 9 3 6 -5 8 -3 ; b, 2 4 1 6 5 -6 0 -4 ;
at time co (reaction complete) was determined, and a plot of In c, 1 4 5 0 6 -3 3 -3 ; d, 2 4 1 6 5 -6 2 -6 ; e, 2 4 1 6 5 -6 3 -7 ; f, 2 4 1 6 5 -
(Pco - T () time, where P t is pressure at time t, was used to 6 4 . 8 ;  g 2 4 1 6 5 -6 5 -9 ; h, 2 4 1 6 5 -6 6 -0 ; i, 2 4 1 6 5 -6 7 -1 .
determine first-order rate constants. The furnace temperature
was monitored to ±0.1° using an iron-constantan thermocouple Acknowledgment.—We wish to thank the National
which had previously been standardized against a Bureau of a  • _  r? i ,• ^ ^  at 1
Standards calibrated platinum resistance thermometer. ^dence Foundation, Grant GP 9251, the National

Product Analysis.— The pyrolysis products from three or four Defense Education Act, and the Utah State University
0.3-ml injections were collected in a Dry Ice-isopropyl alcohol Research Council for generous support of this work,
trap attached directly to the exhaust value in the reaction vessel. We are also indebted to Mr. George Eddington of
To ensure that all products were retained in the trap, the trap Electrodynamic Laboratory at Utah State University
was sealed and left m the Dry Ice-isopropyl alcohol slurry before s  ~
removing from the vacuum line. Since the products from the maintenance of the kinetic equipment. Grateful
pyrolysis of l-aryl-3-buten-l-ols are propene and substituted acknowledgment is given to the National Bureau of
benzaldehydes, a method was designed to separate the gas by Standards for the calibration of a platinum resistance
distillation. The propene was distilled into a cold ( —72°) mass thermometer and to the local chapter of Sigma X i for

(14) m . Gaudeman, Bull. Soc. chim. Fr„ s, 974 (1962). a small research award to one of us (K. J. V.).
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Double-potential-step chronoamperometry has been used in the study of the kinetics and the mechanisms of 
the ring opening of 8a-hydroxy-2,2,5,7,8-pentamethyl-6-chromanone, a model of the hemiketal intermediate in 
the oxidation of a-tocopherol to a-tocopherylquinone. Working curves for the determination of the rate con­
stants were obtained by a digital simulation technique. The system was observed to be both general acid and 
general base catalyzed. The mechanism proposed for general acid catalysis involves proton transfer from the 
acid to the oxygen in the 1 position followed by removal of a proton from the hydroxy group in the 8a position by 
the solvent, water. In the case of general base catalysis, the reaction proceeds by removal of the proton from the 
hydroxy group by the base and transfer of a proton from the solvent to the oxygen in the 1 position.

The widespread occurrence of chromanols and observance of the ready ease with which these com-
quinones in nature has led to extensive studies into pounds enter into redox reactions has led to several
their possible roles in biological processes.1-3 The proposals relating oxidation-reduction processes to

(1) G. E. W. Wolstenholme and C. N. O'Connor, Ed., “Quinones in Elec- biological activities. Although elucidation of these
tron Transport,” Little, Brown and Co., Boston, Mass., 1960. biological processes must be provided ultimately by
ini!)NewYo±°5°Y.,m65.“BiOChemi8try °f Quin°nes'” Aoademic Press' studies in vivo, the results of chemical studies in  vitro

(3) “International Symposium on Recent Advances in Research on Vita- Can p rov id e Considerable in fo rm atio n  re g a rd in g  in te r-
mins K and Quinones (Vitamins K, Ubiquinones or Coenzymes Q, Plasto- mediates, products, and rates of chemical pTO-
cjumones) in Honor of Professor Henrik Dam, m Vitamins Hormones, 24, c
2 9 1  (1966). cesses.
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2.5 r  The present paper is principally concerned with the
mechanism of this last reaction, the conversion of the 

y *  i. o.i chromanone into an electroactive quinone.

2 .0  -  /  E xperim ental Section

/  Instrumentation.— The cyclic voltammetric and chronoam-
/  perometric studies were performed on a transistorized, three-j  electrode potentiostat-galvanostat described previously .6 Read-

1.5 ~ /  out in cyclic voltammetry and long-term chronoamperometry
/  q g experiments was to a Moseley Model 7030A x -y  recorder. For

1, /  chronoamperometric studies of less than 5-sec duration, readout
i I  /  was to a Tektronix Model 564 oscilloscope equipped with 2A63

.- . /  /  and 2B67 plug-ins. Oscilloscope traces were recorded on film
/  /  0.3 using a Dumont Type 302 Polaroid camera. The signal source

/  / /  was a Hewlett-Packard Model 3300-3302 function generator.
/ / /  Cells and Electrodes.— A planar gold button with a geometric

/ / /  area of 0.33 cm2 was used as the working electrode in aqueous
0  5  -  /  y /  acetonitrile solutions. A saturated calomel and a platinum foil

y / y  served as the reference and auxiliary electrodes, respectively.
/ / /  All solutions were deaerated with purified nitrogen to remove

traces of oxygen.
^  | ( , , , Chemicals and Solutions.— 2,2,5,7,8-Pentamethyl-6-hydroxy-

®I0  _0 5  QQ 0  5  1 0  1.5 2.0 chroman was prepared according to a published procedure.6 The
' ' solvent composition was maintained at 25 vol %  acetonitrile-75

og k-Cf vol %  water. Reagent grade acetonitrile was used as received.
Buffer solutions were prepared from reagent grade acids which 

Figure 1. Theoretical working curves for the double-potential- were neutralized to the appropriate pH with carbonate-free 
step chronoamperometric method: A —  B  +  ne; B —  C (fc); sodium hydroxide. All measurements were made at 23.0 ±
C +  ne  D. The ratios of tt/ ti are indicated on the curves. 0 1°.

R esults

In an earlier report from this laboratory* it was shown Development of a Working M odel.-T he calculations 
that the predominant pathway for the electrochemical of the theoretical working curves for the double-po- 
oxidation of «-tocopherol (la) aud its model compound, tential. gt chronoamperometric method were made
2,2,5 7,8-pentamethyl-6-hydroxychroman (lb), was via di ital simuiation technique described by Feld-
a carbomum ion intermediate (eq 1). In the presence b(?rg 7 It ig asgumed in the model that the oxidation of

a chromanol is a two-electron, diffusion-controlled 
1 I process which gives the corresponding carbonium ion.

H .°>:d" +H;°- It  is further assumed that the rate constant for the
i O L  redn J<^ —h2o conversion of the carbonium ion to 8a-hydroxy-2,2,5,7,8-

| 0  R j  0  R pentamethyl-6-chromanone (eq 1) is infinitely large in
„  the presence of a large excess of water. This assump-

b R = CH 33 b R - C H ' tion is justified experimentally since the pseudo-first-

| tion conditions.4
The kinetically slow step which follows is the con- 

L 1 /  ( version of the electroinactive chromanone into an
electroactive quinone (eq 2). After a forward elec­
trolysis time, Tf, the concentration of quinone is studied 

^ h ’s ' r i f 31 by stepping the potential cathodieally. It is assumed
’ = 3 in the model that the reduction of the quinone can be

written as a two-electron process. Thus, while the 
of nucleophiles, such as water, the carbonium ion II was model is compatible with the pathway which produces
transformed rapidly into an electroinactive (but the corresponding hydroquinone as the reduction
chemically reducible) chromanone III. Ring opening product,4 the model is also compatible with a pathway
of this intermediate then yielded the corresponding which produces the recyclized chromanol I.8 The
quinone IV as the final product of the oxidation (eq 2). reaction sequence is summarized in eq 3 -5 ; the chrono­

amperometric working curves calculated for this 
. O sequence are shown in Figure 1.

k A — B  +  2e (3)

/ V ' ' vO ^ R  ^  . A J L  (2) B _ ^ C  (4)
I OH I j M  C +  2e D (5)

I I I  / > r  (5) J .  G. Lawless and M. D. Hawley, J .  Electroanal. Chem., 21, 365 (1969).
HO (6) J  Smith, H. E . Ungnade, H. H. Hoehn, and S. Wawzonek, J .  Org.

m „  -D_p  "lt Chem., 4, 311 (1939).
, =  1&1I 33 (7) g# w . Feldberg in “Electroanalytical Chemistry— A Series of Ad-

b ,R  =  CH3 vances,” Vol. I l l ,  A. J .  Bard, Ed., Marcel Dekker, Inc., New York, N. Y .,
1969. A copy of the computer program is available upon request from the 
authors of this paper.

(4) M. F . Marcus and M. D. Hawley, Biochem. Biophys. Acta, 201,1 (1970). (8) V. D. Parker, J .  Amer. Chem. Soc., 91, 5380 (1969).
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Figure 3.— Plot of fcobadiu vs. rt for the rearrangement of 8a- 
hydroxy-2,2,5,7,8-pentamet;hyl-6-chromanone in 75 vol %  water- 
25 vol %  acetonitrile: pH 3.99, 0.5 M  chloroacetic acid, 0.5 M  

Figure 2.—’Anodic-cathodic current-time curves for the model sodium chloroacetate.
compound, 2,2,5,7,8-pentamethyl-6-hydroxychroman, showing 
the method of current and time measurements for the double- _  .
potential-step chronoamperometric technique. The ratio of 
Tr/r {  shown here is 0.3.

Tests of the Working Model.'—Dimensionless work- 0.3 -
ing curves (Figure 1) were constructed for several dif- _
ferent ratios of the reverse electrolysis time, xr, to the i
forward electrolysis time, rf. The method of measuring | o.2 -
the forward and reverse currents and the forward and ■*
reverse electrolysis times is shown in Figure 2. Each  
of the working curves confirms the expectation that the 0 I -
ratio of the cathodic current, i„  to the anodic current, -----
it, approaches zero for very small values of fcrf; i.e., the
rate of ring opening of the electroinactive chromanone q q _______ ,_______ I_______ ,_______ t
to produce the electroactive quinone is neglible for ' 0 0.25 0.50 0.75 1.0
small values of k r {. For large values of fcrg. the ratio of [Buffer]
it/if approaches a limit of 2.21 when Tr/rf =  0.1. ,
This limiting value is predicted for a single redox couple . Flgurfie t ~ Depe“d0e^ e 7ofcthe r+ate ®?â nt for the rmg °P+e,n- 

, ,, t i xi t  & i xi mg of 8a-hydroxy-2,2,2,5,7,8-pentamethyl-6-chromanone on the
when the anodic and cathodic processes are both analytical concentration of the acetic acid buffer and pH: (1)
diffusion controlled.9 An experimental test of the pH 6.24, 90%  acetate; (2) pH 5.81, 80%  acetate; and (3) pH
model is shown in Figure 3. The linearity of the plot 5.20, 50%  acetate, 
and its extrapolation to the origin confirm the validity
of the theoretical model. The slope of the plot yields Thus, if a constant ratio of [H A ]/[A - ] is maintained, a
the rate constant directly.  ̂ plot 0f the observed rate constant, fcobsd, as a function of

Effect of pH and Buffer Concentration. In general, the concentration of the conjugate base, A - , gives
the first-order rate constant for a reaction catalyzed by values for a  and b. The catalytic constants fcHa and fcA
a single acid-base can be written as are then determined either by the solution of the simul-
U sd =  ho +  ¿h[H+] +  fcouIOH-] +  1ha[HA] +  fcA[A -] (6) taneous equations (eq 8 ) or (preferably) by a plot of a
T . vs. [H A]/[A- ]. Values of fcH and Zcoh are determined
In order to determine the values of the several catalytic jn a simiiar manner from plots of the intercepts, b, as a
constants, eq 6 can be rewritten m the form function of the hydrogen and hydroxyl ion concentra-

¿obsd =  o[A_] + 6  ( 7 ) tions, respectively. The intrinsic rate constant, fc0, is
where given by the intercept of either of the latter two plots.

a = AHa[HA]/[A-] +  kA (8) The variation of the observed rate constant as a
function of the analytical concentration of acetic acid 

and is shown in Figure 4. Analysis of these data according
b = ho +  fcH[H+] +  *oh[OH-J (9) to the procedure outlined above indicates that the ring-

---------------  „ „ „  opening reaction is general base catalyzed. The
(1960)i values of the several catalytic constants are summarized
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Figure 6 — Plot of log k vs. pH for the ring opening of 8a- 

0.1 -  hydroxy-2,2,5,7,8-pentamethyl-6-chromanone at zero ionic
— ' strength and zero buffer concentration. The line is calculated

----- '”* *  from the data in Table I.

0 0  - 1------------- 1------------- 1________ I
0  0 .25  0 .5 0  0.75 1.0 T able II

[B u ffer] Dependence of the R ate Constant for the R ing Opening
of 8a-H ydroxy-2,2,5.7,8-pentamethyl-6-chromanone on

• Fig^ e 5r ? epe1 ü 1f , 0f  the rate constant for the ring open- B u ffer  AfJD Inert gALT Concentrations AT 23 .0 “
mg of 8a-hydroxy-2,2,5,7,8-pentamethyl-6-chromanone on the
analytical concentration of the buffer and pH: (1) pH 2.60, 10%  ^ J ’ lNaClO*lf [liaN »],
chloroacetate; (2) pH 3.40, 50%  chloroacetate; (3) pH 3.99, 80%  Expt pH M m m  m koM , sec 
chlororacetate; (4) pH 4 .20 ,90%  chloroacetate; and (5) p H 4.57, 1 4 .2 0  0 .0 2  0 .1 8  0 .047  ±  0 .0 0 2
20%  acetate. 2 4 .2 0  0 .0 5  0 .4 5  0 .089  =fc 0 .0 0 5

3 4.20 0.10 0.90 0.162 ± 0 .0 1 2
in Table I. Although no evidence could be found in 4 4 20 0 02 0 18 ° -80 0 .1 0 8  ±  0 007
. . .  r  J  TT /t-n r, c m  (  • j  i 5 4 .2 0  0 .0 2  0 .1 8  0 .8 0  0 .1 3 0  ± 0 . 0 0 8this limited pH range (5.20 6.70) to indicate general 0 4 2Q () 05 0>45 0 .50  0 .166  ± 0 . 0 0 6
acid catalysis, its presence would probably not be 7 2 60 0 18 C 02 0 90 ±  0 11

8 2 .6 0  0 .1 8  0 .0 2  1 .0 0  1 .12  ± 0 . 1 6
T able I 9 5 2o 0 .1 0  0 .1 0  0 .0 5 5  ±  0 .0 0 4

Catalytic Constants for the R ing Opening of 10 5 .2 0  0 .1 0  0 .1 0  0 .9 0  0 .051  ±  0 .0 0 3
8a-HYDROXY-2,2,5,7,8-PENTAMETHYL-6-CHROMANONE at 23.0° 11 5 .8 0  0 .1 0  0 .1 0  0 .1 5 0  ± 0 . 0 1 8

Species k 12 5 .8 0  0 .1 0  0 .1 0  0 .9 0  0 .248  ± 0 .0 3 1
Intrinsic 4 X  10“3 sec-1 “ pH 4.20 and 2.60, chloroacetic acid; pH 5.20, acetic acid;
H + 4 X  102 M s e c “ 1 pH 5.80, pyridinium perchlorate.
OH-  1 X  107 M ~ l sec-1
CH;COO~ 1 .6  x  10_1 M ~ 1 sec-1 inert salt in slightly more acidic media suggests a change

in the mechanism of the rate-determining step. In­
observed if &hoac were less than 4 X  102 Af“ 1 sec-1.10 deed, there is, as indicated by Figure 6, a minimum in
Similarly, no evidence was found to suggest a concerted the rate of the reaction near pH 4.8 followed by an
reaction involving both acetic acid and its conjugate increase in the rate with an increase in the hydrogen ion 
base (acetate ion) in the rate-determining step. concentration. The slope of the linear plot of log fc0bad

An enhancement in the rate of the reaction with an vs. pH is — 1 in this region (at zero buffer concentration
increase in the buffer concentration was also seen at and zero ionic strength), indicating that the reaction is
lower pH (Figure 5). While this result is consistent also specific acid catalyzed. Because of the differential
with catalysis by components of the buffer systems, the salt effect noted here, it is not possible to determine a
addition of an inert salt also causes an increase in the rate constant for chloroacetic acid catalysis. For a
rate constant in this pH range. The data of Table II similar reason, the determination of the effectiveness of
not only indicate the magnitude of this salt effect, but chloroacetate ion as a general base is also precluded,
also indicate a differential salt effect (compare, for
example, expt 4 and 5). The occurrence of a marked Discussion
dependence of the rate constant on the concentration of . „ . ,  , , . ,. . . , ,

I  he specific acid catalyzed reaction is consistent
(10) Thia limit is variable, however, and dependent upon the precision of kinetically with mechanisms 10 and 11. Mechanism

the electrochemical measurements, the concentrations of the several buffer
components, and effect of inert salt. The necessity of maintaining an ap- J
preciable buffer capacity (protons are involved in both electrochemical redox kx
processes as well as in the addition of water to the carbonium ion, lib) with L g v T T j 4- H2O
respect to the substrate concentration fixes the lower limit for the study of -̂1 »  k2
ionic strength effects. Since inert salts undergo varying amounts of ion ] /  J ^
pairing at these relatively large concentrations, differential salt effects will T/\
appear, affecting catalysis in those reactions which are sensitive to changes \
in ionic strength. “
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0  ' catalysis by general acids. First, when the data of
q II Table II are used to estimate rate constants in the

— k- - [ f l l  (10) presence of larger amounts of acetic acid (pH 4.57), the
calculated rate constants are considerably smaller than 

i ^0 II | I the observed rate constants. A catalytic constant for
/  \  acetic acid which varies from 0.04 to 0.08 M ~l sec-1 as

B H +P 0H the analytical concentration of the buffer increases from
B 0.2 to 1.0 M  is required to account for the differences

10, which is probably important in the acid-catalyzed between the calculated and experimental rates. Prece- 
hydrolysis of acetals and ketals,11.12 can be ruled out on dent for catalysis by carboxylic acids is found in the
the basis of 180  studies. The chemical oxidation of mutarotation ot glucose (a ring opening of hemi-
2-methoxyphenol13 and «-tocopherol14 in the presence acetal).16- 17 Although the rate of the ring-opening
of H2180  results in the incorporation of 180  into the reactl° n of IIIb 18 ca~ an 1order of magnitude greater
quinone nucleus. Since no 18C* is incorporated into the *han the mutarotation of glucose, the ratios of fcoAc V
hydroxy group of the side chain, the oxidation of la  and f  hoa.  are similar in both reactions. Important also
IVa in acidic solution cannot involve dehydration of the fro™ thf  wo,rk ,of B oosted and Guggenheim16 is the
8a-hydroxy-6-chromanone (II) and the subsequent result that b° th chloroacetic acid and chloroacetate
attack of water on the carbon in the 2 position. amon w'ere ^  Ca' one-fiftb as effectlvTe catalysts on an

According to mechanism 11, the oxygen in the 1 equimolar basis as acetate amon In view of the
position is protonated to form the corresponding magnitude of the differential salt effect,18 the presence

of general acid catalysis could easily be missed under 
. O some of our reaction conditions.

0 JL II Second, and more compelling, a significant salt effect
i .  ; |! If is anticipated if the ring-opening reaction is general acid

' 11") catalyzed. In mechanism 12, positive and negative 
I o r  'H+ i j j ' f j  species (the hydronium ion and the anion of the carbox-

H'"' / \  ylic acid) are formed from uncharged reactants. Ac-
''O—H cording to the theory of Bateman, Church, Hughes,

IT Ingold, and Taher,19 the effect of salt on the highly
polarized transition state complex, and hence on the 

oxonium salt. Removal of the proton from the hydroxy rate constant k, is given by eq 14. In this equation, ¡x
group in the 8a position by the solvent results in the log k/k0 = (9.12 x  1015)<rii/D2r 2 (14)
quinone IVb with the 180  derived from the solvent
incorporated into the quinone nucleus. Since this ls the ionic strength, D is the dielectric constant, and <r 
mechanism is consistent with the observed kinetics and = which is a measure of the distance of the charge
correctly determines the disposition of the oxygen atom separation in the transition state complex. Although
derived from the solvent, it is suggested as the major the latter quantity is unknown, a plausible value of <r =  
reaction pathway in solutions of strong acids. p X  10~8 cm leads to the prediction that a fourfold

Kinetically, mechanisms 12 and 13 involve catalysis increase in the rate constant should result from a tenfold
by general acids. Although measurements of the increase in the ionic strength. The results reported in
values for the catalytic constants of chloroacetic and Table II (compare expt 1, 4, and 5) are in qualitative

agreement with this prediction at pH 4.20. At either 
I O lower or higher pH (expt 7-10) the effect of added inert

salt is insignificant. This result is anticipated with 
j 1 /  „ j  T  (12) decreasing pH as the reaction becomes predominately

specific acid catalyzed. As seen in eq 11, the pathway 
'B < ^  fo  J /  A involves protonation of the oxygen in the 1 position and

H+''' / \  loss of a proton from the hydroxy group in the 8a
H position. Since no additional charged species is either

H created or destroyed, a neglible salt effect should be
. O observed.19 For an analogous reason (vide in fra), the

effect of salt also diminishes when the reaction proceeds 
J /   ̂ j" T <131 via a base-catalyzed pathway at higher pH.

According to mechanism 13, protonation of the 
I oV*" ' H+ ( q P p  oxygen in the 1 position and the removal of a proton

X'H--^A_ / \  H from the hydroxy group in the 8a position by the nega­
tively charged base will behave kinetically as general 

acetic acids were precluded by the differential salt acid catalysis. Although this mechanism has been 
effect, there is, nevertheless, considerable evidence for

(15) J .  N. B r0nsted and E . A. Guggenheim, J .  Amer. Chem. Soc., 49, 2554
(11) J .  March, “Advanced Organic Chemistry: Reactions, Mechanisms, (1927).

and Structure,” McGraw-Hill Book Co., New York, N. Y ., 1968, p 306. (16) C. G. Swain and J .  F . Brown, Jr ., ibid., 74, 2534, 2538 (1952)-
(12) W. P. Jencks, Progr. Phys. Org. Chem., 2, 92 (1964). (17) C. G. Swain, A. J .  Di Milo, and J .  P. Cordner, ibid., 80, 5983 (1958).
(13) E . Adler, I . Falkehag, and B. Smith, Acta Chem. Scand., 16, 529 (18) For other reports of differential salt effects, see, for example, E . F . J .

(1Q02) Duynstee, E . Grunwald, and M. L. Kaplan, ibid., 82, 5654 (1960); J .  F.
(14) H. Mayer, W. Vetter, J .  Metzger, R. Rtlegg, and O. Isler, Helv. Chim. Bunnett atd  N. S. Nudelman, J .  Org. Chem., 34, 2038 (1969).

Acta, BO, 1168 (1967); P. Schudel, H. Mayer, J .  Metzger, R . Rtlegg, and O. (19) L. C. Bateman, M. G. Church, E . D. Hughes, C. K. Ingold, and N.
Isler, ibid., 46, 333 (1963). A- Taher, J .  Chem. Soc., 979 (1940).
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suggested to be important in the acid-catalyzed hy- general acid catalysis mechanistically, will behave
drolysis of a formamidium compound,20 reaction by this kinetically as catalyzed by general base.
pathway would lead to the prediction that the rate of A distinction between the two pathways on the basis
the ring-opening reaction would decrease significantly of salt effects should be feasible if the general base were
with an increase in inert salt concentration.19 Since unchanged. A change from a negatively to a neutrally
this prediction is contradictory to the experimental charged base leads to the predictions that with an
results, this mechanism cannot be important here. increase in the inert salt concentration the rate con-

Little or no effect of salt is predicted and observed stant should increase if the reaction proceeds by mecha-
(Table II, expt 9 and 10) for the reaction catalyzed by nism 15 and decrease if the reaction proceeds by mecha-
monobasic anions. According to mechanism 15, a nism 16. As seen by the results of expt 11 and 12

(Table II), addition of inert salt (sodium perchlorate) to
0 a pyridinium perchlorate-pyridine buffer system results

_ I, II in a marked increase in the experimental rate constant.
„ ( f l l  (is) We conclude from this result that general base catalysis

'  for pyridine proceeds via mechanism 15 and suggest
I that catalysis by carboxylic anions occurs by this

SsHs 0  H ^  jj,'' K' reaction pathway also.
It is of final interest to compare the stability of Illb

to that of I l ia .21 The latter intermediate was reported
t. xi to exhibit a bell-shaped pH-rate profile with maximum

proton is removed from the hydroxy group by the ^  ftt R g 5 1 while maximum stabffity  for m b
negatively charged general base, A~, while a molecule .g also noted in ^  gtud near this H the rate law for
of water functions as the ■ acid. In mechanism 16, a ^  decomposition of IIIb is first order in both hydrogen

and hydroxide ions. The apparent difference in the 
j |i two rate laws probably arises from the different methods

r i  used for the preparation of the two intermediates
1 U  y -t  (I II (IIIa,b). In the work of Diirckheimer and Cohen,21

' V| h6) I lia  was prepared by the chemical oxidation of la  using
'X A > 0 Vy N-bromosuccimide as the oxidant. A change in the

/ \  rate-determining step from, the decomposition of I lia  to
0 \ H the oxidation of la  would satisfactorily account for the

observed differences in the rate law.

proton is transferred from the general acid to the oxy- Registry No.—lb, 950-99-2; IIIb, 24165-02-4.
gen in the 1 position, while a proton is removed from the
hydroxy group in the 8a position by hydroxide ion. Acknowledgment.— These studies were supported by
This reaction, which proceeds by specific base and the U. S. Public Health Service Research Grant No.

1 ROl AM 13258-01.
(20) D .  R .  R o b in so n  and  W . P . Jencks, J. Amer. Chem. Soc., 89, 7088 

(1967). F o r  a com p le te  discussion o f c a rb o n y l a d d it io n  re ac tions , see re f  11,
p p  63— 128. (21) W . D i irc k h e im e r  a n d  L .  A . Cohen, ibid., 86, 4388 (1964).
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In order to map the energy surface of various reactions of substituted spiropemanes, the four diastereomers of
l-carbethoxy-4-methylspiropentane were synthesized by methylene addition to syn- and onfi-l-carbethoxy-2- 
ethylidenecyclopropane. The relative stereochemical configurations of the spiropentane esters were determined 
by their conversion into the dimethylspiropentanes which were, in turn, synthesized from the spiropentane-1,4- 
dimethanols, whose configurations were determined by ir hydrogen bonding and nmr studies.

Axially dissymmetric molecules such as allenes and existing as diastereomers depending on the nature and
spirans are of historical interest because their synthesis point of attachment of, the substituents. A few
and optical resolution provide experimental confirma- examples of this situation have been reported ̂ however,
tion of the predicted geometry of bonds emanating to our knowledge, the only cases where all possible
from carbon centers.1 Spirans with substituents or diastereomers of a disubstituted spiran were separated
heteroatoms in each ring having nonsuperimposable and characterized are due to Cram2 and to Applequist3
mirror images have, in addition, the possibility of

(2) E . H a rde gger, E . M aeder, M .  Sem arne, a n d  D . J . C ra m , J. Amer. 
(1) F o r  rev iew s, see E . L . E lie l,  “ S te re o ch e m is try  o f C a rb o n  C o m p o u n d s ,”  Chem. Soc., 81, 2729 (1959).

M c G ra w -H il l  B o o k  C o ., In c .,  N e w  Y o rk ,  N .  Y .,  1962, C h a p te r  12. (3) D . E . A p p le q u is t  a n d  E . G . A lle y ,  J. Org. Chem., S3, 2741 (1968).
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who identified all three diastereomers of spiro [4.4]- pared by copper-catalyzed addition of ethyl diazo­
nonane-1,6-diol (1) and of 1,4-dichlorospiropentane acetate to 2-bromo-l-butene and were subjected to
(2), respectively.4 These molecules each have two sodium ethoxide in diethyl ether according to the

____ procedure reported by Ullman to give a mixture of syn-
[ 1 h x 3  and anif-l-carbethoxy-2-ethylidenecyclopropane (10

/ /  \ and 11), respectively. This mixture (1 :4  ratio of two
qjj OH Cl C1 compounds by capillary vpc) was separated by prepara-

j 2 tive vpc. However, assignment of stereochemistry was
not attempted at this point because of the near-identical 

dissymmetric centers as well as an axis of dissymmetry; spectroscopic properties of 10 and 11. 
thus, four diastereomeric dl pairs of each are possible.
Examination of the molecules reveals, however, that
one of the dl pairs is equivalent to another in each case JL̂  CHN,co2Et J x  C02Et NaH-EtOH 
by virtue of the equivalent substitution in the two [ Br Cu-Cuso, * | Br itjo *
rings.

We wish to report the preparation, characterization, 8 an 9
and spectroscopic properties of all four diastereomers of H H C02Et
l-carbethoxy-4-methylspiropentane, 3-6 , not simply to 'j — X L  ̂ C° 2Et + j -------Q
provide more examples of axially dissymmetric mole- * \o *
cules but because it has proven possible to utilize these . 4
materials in providing a partial geographic survey of the 
energy surface associated with the thermal isomeriza-
tion of isopropenylspiropentane.5 Furthermore, these Each ethylidene derivative was cyclopropanated 
materials are well suited as stereochemically labeled using the Gaspar-Roth procedure which is known to 
materials for investigation of the possible multiple preserve the stereochemistry about the double bond
cyclopropylcarbinyl-type rearrangements of the spiro- attacked (ref 7 and references contained therein). In
pentylcarbinyl charged and uncharged species. these cases, two isomers were expected from each ethyl­

idene derivative because there are two possible orienta-
. ____ C 0,Et K g j  tions for methylene addition, syn or anti, to the carb-

2 /  \„o ethoxy group. Indeed, two and only two 1-carbethoxy-
* 2 4-methylspiropentanes were produced from reaction

3 4 with one of the ethylidene substrates, and two different
C02E t l-carbethoxy-4-methylspiropentanes were formed using

the other ethylidene material. These conclusions 
j  c02Et derive from the analysis and spectroscopic properties of

5 6 vpc purified materials. At this point, it was still not
possible to assign the stereochemistry of the precursors, 

Results 10 or 11, or of the product spiropentanes, 3, 4, 5, and 6.
Y et already relationships between the diastereomers

Synthesis of the Four l-Carbethoxy-4-methylspiro- were established since two of the four possible com-
pentanes.—Synthetic entry into the substituted spiro- pounds were produced in a known stereospecific
pentane system is best accomplished by carbene addi- synthesis from one precursor while the other two possible
tion to allenes or to methylenecyclopropanes. For in- isomers were derived from the other precursor, 
stance, carbethoxyspiropentane (7) was prepared by Relative Configurations of the Four l-Carbethoxy-4- 
treating l-carbethoxy-2-methydenecyclopropane with methylspiropentanes.—Examination of Figure 1 re-
the Simmons-Smith reagent.6 Since relatively large veals that stereospecific addition of methylene to (R),-
quantities of materials were desired, the Gaspar-Roth l(R)-syn-l-carbethoxy-2-ethylidenecyclopropane (10) 
cyclopropanation procedure7 involving cuprous chloride should give (R),1(R)MS)- and (S),l(i2),4(B )-l-
catalyzed addition of methylene from diazomethane was carbethoxy-4-methylspiropentane (3 and 4), re­
attempted and found to be superior to the previously spectively, while (R),l(£)-anfi'-1-earbethoxyXethylid- 
reported synthesis of 7. enecyclopropane, (11) should give (S),1(<S),4(S)- and

r„ ,, _. ^ m F t  (R) , 1 (<S) ,4(R) -1 - carbethoxy-4 - methylspiropentane (5
= ^ / C 0 2Et —;12 u -» £ > < 3 /  2 and 6), respectively. Throughout, however, racemic

7 starting materials were utilized, and the two sets of dl
pairs derived from racemic 10 are merely epimeric at

The syntheses of 3, 4, 5, and 6 followed that for C -l. Similarly, the two dl pairs derived from racemic
production of 7.6 Thus, the cis- and /rans-2-bromo-2- n  are epimeric at C -l. To distinguish between these
ethyl-l-carbethoxycyclopropanes (8 and 9) were pre- iSOmers, it was convenient to utilize a system of trivial

(4) M e n t io n  sh o u ld  be m ade o f th e  e le g a n t w o rk  o f G . E . M e C a s la n d  a n d  Stereochemical designations. The terms proximal,
s. P ro s k o w  [ j .  Amer. Chem. Soc., 76, 4688 (1 9 5 5 )], w h o  p re p a re d  th e  fo u r  medial, and distal refer to the relative distances (on a
diaste reom ers o f S .d ^ '^ '- t e t r a m e th y ls p i r o l . l ' lb ip y r r o l id in iu m  p -to lu e n e - between the Substituents in the four Compounds,
su lfo n a te  a nd  v e r ifie d  th a t  one o f th e  trans,trans com poun ds w h ic h  had n e ith e r  r ru  x  j -  7
a p la n e  n o r a ce n te r o f s y m m e try  was o p t ic a lly  in a c t iv e  b y  v ir tu e  o f a fo u r -  The tWO medial Compounds Can further be distinguished
fo ld  a lte rn a t in g  ax is  o f s y m m e try .  by the terms syti and aifiti which refer to the relative

(5) j . j . G a je w sk i, ibid., 92, 3688 (1970). positions of substituents using as the plane of reference
(6) E .  F . U llm a n  a nd  W . J. Fanshaw e, ibid., 83, 2379 (1961). f .  ,  r  xt • r  • x u  u  • u  • •. „  i(7) w. v o n  e . D o e rin g  a nd  w. r . R o th , Tetrahedron, 1 9 ,715 (1963). the plane of the ring bearing the higher priority sub-
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ch.n2 oxy-2 -methylenecyclopropane gave a mixture of three
>=<^7^C02Et -CuC1 > isomeric 1,4-dicarbethoxyspiropentanes, 15, 16, and

*  17, in the ratio 1:4:2, respectively, which were separated
10-R,1(R) by preparative vpc. The major product was easily

syn  ̂ identified as the m edial compound because its pmr
„„ „ m  1x ^ —7 spectrum indicated the presence of two different

2 ethoxy groups and two different sets of A B X  ring
3-(i?) l(R ) 4(S) C02Et proton resonances. The m edial compound, 16, has no
medial, anti 4A S),l(R ),4{R ) 4+R), 1(S), 4(S) symmetry elements, while the 'proxim al and distal

p ro x im a l  materials each have a C2 axis passing through the central
carbon. Thus, a single ethoxy group and an A B X  ring 

CO Et CK2N2 proton resonance pattern were expected and found for
.— 2 -CuC1 > the other two isomers. The pro xim a l and distal

*  isomers were further distinguished by reduction to the
ll<fl),l(S) dimethanols, 18 and 20, the latter of which (distal)

antl showed no evidence for intramolecular hydrogen bond-
/•C02Et \  ,cOzEt ing in the ir in carbon disulfide solvent, while the former

h x ^ y  + J > < 7 \  (proximal) had a sharp, third absorption at 3480 cm “ 1
4  4  C02Et (see Table I). medial-1)imethanol (10) showed no

5-(S),l(S), 4(g) 6-(R\l(S),4(R) 6-(S), 1(R), 4(S) evidence of intramolecular hydrogen bonding. The
d is ta l m ed ia l, syn  dzsf cd-l,4-spiropentanedimethanol was then converted

by the tosylation, iodide displacement, hydride dis- 
Figure 1. Cuprous cWoride catalyzed addition of diazomethane piace.ment route to the same 1,4-dimethylspiropentane

derived from 5. Finally, the meatai-l,4-spiropentane- 
dimethanol (19) was converted to the same 1,4-di- 

stituent. Thus, 3 is m edial,an ti; 4 is p ro x im a l; 5 is methylspiropentane derived from both 3 and 6 . 
distal; and 6  is m edial,syn .

A reduction of the stereochemical problem was possi- II
ble by virtue of the fact that the two different m edial-1- Z_a + CHN,C02Et
carbethoxy-4-methylspiropentanes could be made to be CCbEt
identical if the substituents of the two isomers could be jcu-cuso, CO.Et
made equivalent. Thus, the four carbethoxy deriva- /
tives were converted by a reduction, tosylation, iodide r > < 2^ c02Et
displacement, hydride displacement sequence to the /
1,4-dimethylspiropentane isomers. As expected, one 2 4 2 2 1 2 4 '
ester from each of the pairs of spiropentane esters from 15-proximal 16-medial \7-distal
the ethylidene compounds gave a common hydrocarbon, Jliaih,, j  I CH OH
namely, m e d ia l- l ,4-dimethylspiropentane (13), so it ___ CHOH _ - /  ~
was clear that 3 and 6  were m edial derivatives, but
complete assignment of stereochemistry was not yet „  J  VH « nH •
possible. However, merely determining which hydro- 2 \ j 2 19 20
carbon was proxim a l, 12, or, alternatively, which was 0 —H—0 — H 12
distal, would serve to establish the configurations of 18 TsCI
3, 4, 5, and 6  as well as their precursors, 10 and 11. NaI
This was accomplished by direct synthesis of dista l-1 ,4- |LiAiin
dimethvlspiropentane (14), from precursors whose 13 14
stereochemistry was assigned by chemical and spectro- ,, , ,. „ ,. . . „
scopic studies uhus, the relative configurations of the following

compounds were assigned: all three 1,4-dicarbethoxy- 
4 3  6 s  spiropentanes, all three 1,4-spiropentanedimethanols,
I IiAW< I l H {oaih. all three 1,4-dimethylspiropentanes, all four 4-methyl-
1 1 i ch2oh 1-carbethoxyspiropentanes, and, therefore, the two

j> < 3  h x i j/ '- f f O H  |><j\ l-carbethoxy-2-ethylidenecyclopropanes.
CH20H *  *  1 *

21 22 23 24 DlSCUSSlOn

TsC1 Tsci tsci tsci Assignment of Configuration. Hydrogen-Bonding
l̂ 1h. uaih. l”aih, Imh Studies.—The stereochemical assignment of all the

* * + ‘ compounds described results ultimately on the dis-
J X 7 j> ^ 7 \ t x i /  tinction between the diols 18, 19, and 2 0 . Since 19

/  > / 4  4 was clearly the m edial diol on the basis of its nmr
12 13 14 spectrum, the problem was reduced to characterization

(enantiomers) 0f 18 and 2 0  by infrared hydrogen bonding studies
„ j t. . x-  ̂  ̂ „  using the carbon disulfide solvent. 8 The data of Table
Syntheses and Relative Configurations of the Sym­

metrically 1,4-Disubstituted Spiropentanes.— Copper- <8) For an extensive of intramolecular oh-o bonding, see l. p.
„ ± 1 J  l j . . .  r , ,  , ,• , , , , , Kuhn, P. von R. Schleyer, W. F. Battinger, Jr., and L. Eberson, / .  A m er.
catalyzed addition of ethyl diazoacetate to 1-carbeth- chem. soc., 86, eso (1964).
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T able I th e  solubilities of 18 , 19, an d  2 0  re in fo rces th e  con clu -
Ie  O -H  Stretching Absorptions of 18, 19, 20 , and sions b ased  on th e  ir  studies. T h e  p r o x im a l  diol, 18,

Comparison Compounds w as m u ch  m o re  soluble in  C S 2 so lv en t th a n  19 o r 20 .
”, cm- 1 T h u s , a  s a tu ra te d  solution  of 18 in  C S 2 h ad  a  b ro ad

18“ 3620 ( l ),6 3480 (2)i bonded O H  ab so rp tion  in  th e  ir  a t  3 2 6 0 , w hile sa tu ra te d
19“ 3640, 3610e C S 2 solutions of 19 o r 2 0  show ed no in term o lecu larly
20“ 3640 ,3610 ' bonded O H  groups.

r_f/ CH‘0H A  final in te re stin g  p oin t along th ese  lines is th e  n m r
25d 3634 (1 .2 ), 3507 (1 .0 )  ch em ical shift difference betw een  th e  carb in ol h yd ro -

CH;:0H gens of 1 8 ,0 .7  p p m  in C D C 13, a  re la tiv e ly  good h yd rogen
bonding so lv e n t . 10 O n th e  o th e r h an d , th e  ch em ical  

V j L  26“ 3 6 2 3 (0 .9 ), 3 4 9 0 (1 .0 )  sh ift difference in  2 0  is p ra c tic a lly  zero , an d  in  19  a
0112011 n arro w  m u ltip le ! is ob served . W h e th e r o r n o t th is  can

Cft ° H 27 ' 3633 (1 .0 ), 3615 (1 .1 )  be re la te d  to  a  co n fo rm atio n al p re feren ce  in  18 due to
oh h yd rog en  bonding is n o t y e t  c lear. S im ilar effects h av e

, , been  n o ted  in in stan ces  w h ere in tra m o le cu la r h yd rogen
28 3621 (0 .3 ), 3612 (1 .0 )  bonding is n ot possible; fo r in sta n ce , 3 -m e th y le n e cy clo -

H p ro p a n e -(ra n s-l,2 -d im e th a n o l (3 0 ) h as a 0 .7 -p p m  chem i-
29« 3636 (1 .0 ), 3625 (0 .4 )  cal shift d ifference b etw een  th e  carb in ol h yd rogen s;

th e  corresp on d ing c is  com p ou n d, 3 1 , h as a  carbinol
, ,  . . . h yd rog en  ch em ical sh ift difference of 0 .6 3  p p m .11

0 Very dilute solutions m CS2. 6 Numbers m parentheses
denote relative intensities. '  Low-intensity shoulders. d Dilute „ „  „ „  nw
solutions in CC1. (ref 8). '  Dilute solutions in CCh (ref 9). CH2Ufi o tu u n

I  a re  m o st rev ealin g  in  th is  re sp e ct, in d icatin g  th a t  18  is, = ^ ^ C H ,O H
indeed, th e  p r o x im a l  diol. T h u s , th e  fre q u e n cy  shift CHOH
betw een th e  free an d  th e  bonded O -H  stre tch in g  ab so rp - 30  2 J 31
tion s of 18 is v e ry  sim ilar to  th a t  of th e  d im eth an ols 25
an d  2 6 . W h ile  th e  re la tiv e  in ten sities  of th e  tw o
ab so rp tion s in  18 an d  th e  m odel com p ou n ds a re  n o t th e  E x p e rim e n ta l S e ctio n

sam e, th e y  a re  of th e  sam e o rd er of m ag n itu d e an d  General.— Nuclear magnetic resonance spectra were recorded
in d icate  th a t  h yd rog en  bon din g o ccu rs  to  a  g re a te r  on Varian A-60, HA-100, and HR-220 spectrometers. Carbon
d egree in  18 re la tiv e  to  2 5  o r 2 6 .8 T h is  la t te r  o b se rv a - tetrachloride was used as a solvent with chloroform as an internal
tio n  m a y  be co n sisten t w ith  o th e r  d a ta  in cluded in  lock in frequency sweep mode; chemical shifts are reported as *
„  , . T . . . . . , values in ppm relative to IM S . Infrared spectra were obtained
T a b le  I ,  l .e . ,  th e  p osition  of th e  free  O -H  s tre tc h e s  withPerkin-Elmer Model 621, 137, and 137G spectrophotometers
in  18 is shifted  a b o u t 2 0  c m -1  fro m  th a t  of 19  an d  2 0 . in the indicated solvent. Vapor phase chromatography was
F u rth e rm o re , b o th  19 an d  2 0  h a v e  low -in ten sity  shoul- performed on Varian Aerograph A90P-3 and Series 1220-2 (cap-
d ers  aroun d  3 6 1 0  c m " 1. T h is  is rem in iscen t of O H  to  illa7 ) ins^ u™ents u( ins  the indicated columns. Analyses were

cy clop rop an e in te ra ctio n s  stu d ied  b y  J o n s , S ch leyer, F Ethyl spiropentanecarboxylate (7).- T o  a 0 ° stirred mixture
an d  G le ite r ,9 e .g .,  2 7 , 2 8 , an d  2 9  of T a b le  I . of 3.35 g (0.0266 mol) of ethyl methylenecyclopropanecarboxyl-

A  reason ab le  e x p la n a tio n  fo r th e se  fa c ts  recalls  th a t  ate4 and 0.3 g of cuprous chloride in 10 ml of n-pentane was added
O H  to  cy clo p ro p an e  bon din g o ccu rs  m o st efficiently to  gaseous diazomethane generated from 15 g (0.14 mol) of N-
,i <<„ j  a  c i • r methyl-N-nitroso urea in the manner described by Doering and
th e  edge of th e  cy clo p ro p an e  rin g  ra th e r  th a n  fro m  Rothy, The reaction mixture was filtered> concey trated bsy re.
ab ove th e  p lane of th e  rin g ; CJ. 2 8  an d  29 . In  19 an d  2 0  moval of the solvent through a Vigreux column at atmospheric
b o th  O H  grou ps ca n  bon d  e ith e r to  th e  cy clo p ro p an e  pressure, and separated by repeated 300-ill injections on a 10 ft
rin g  b earin g  th e m  o r to  th e  o th e r ring. H ow ev er, in  on e X 3A in- X F1150  column operated at 135° and 200 ml/min
co n fo rm atio n  of 18  (1 8 a  below ) th e  O H  grou ps ca n  helium flow rate. In addition to 1 g of starting ester 2 g of ethyl

easily be disposed to w a rd  bonding w ith  e ach  o th e r 1730, and 1180 cm -*; nmr (60 MHz) s 0.88 (broad singlet, 4 H),
as  well as  to  th e  edge of th e  o th e r rin g . (T h a t  1 8 a  an d  1.08-1.48 (multiplet, 5 H ), 1.87 (doublet of doublets, J  =  8.0
18b a re  th e  tw o con form ation s to  con sid er h ere d eriv es  and 4.0 Hz, l H), 4.05 (quartet, J  =  7.5 Hz, 2 H).
from  th e  fa c t  th a t  a t  c losest a p p ro a ch  th e  O ■ • ■ O m -  and imnS-l-Cwbethoxy-2-bromo-2-ethylcyclopropanes (8 

. . , , ^ , • 1 • i x  i £ and 9).— To a stirred refluxing mixture of o00 ml of 90%  pure
d istan ce  IS ab o u t 0 .6  A  in  18  w h ich  IS m u ch  to o  close fo r 2-bromo-l-butene (Columbia Organic), 3 g of anhydrous cupric
efficient O H  • • • O H  h yd rog en  b on din g.) T h u s, th e  sulfate, and 3 g of electrolytic copper dust was added 140 g
shift to  low er freq u en cies of th e  “ fre e ” O H  in  18 ap p ears  (1.23 mol) of ethyl diazoacetate dropwise over a period of 12 hr.
reason ab le an d  is an alogous to  th e  shift seen  fo r 2 8  After ttle mixture was allowed to stir at reflux for 10 hr more,

___n„l o n  \ it was cooled, then altered. Distillation of the filtrate through a
re la tiv e  to  its  m odel, 2 9 . A  q u a lita tiv e  com p arison  of large vigreu;  column at atmospheric pressure gave 300 ml of

starting bromo olefin. Rapid vacuum distillation of the residue 
„  t > ^  gave 150 ml of light brown oil, bp 25-110° (15 T orr). Redis-

H i yV, \ tillation of the distillate at 11 Torr through a 15-in. spiral wire
4  \ i \  ? , C 1 V ^ H column gave 33 g of forerun; 59 g of fraction I, bp 86 -9 0 °; 5

i C'" "  \ i  g of fraction II , bp 90 -9 7 °; and 22 g of fraction II I , bp 9 7 .0 -
H L l / v  V  j j  98 .3°. Fraction I was a single isomer of l-carbethoxy-2-bromo-

‘^ '^ '0  H H 2-ethylcyclopropane (8 or 9), from its analysis and nmr spectrum
jgb at 60 M Hz: nmr S 0 .9 -2 .43  (multiplet, 11 H ) and 4.13 (quartet,

______  J  =  7 Hz, 2 H ).

(9) L. Joris, P. von R. Schleyer, and R. Gleiter, J .  Amer. Chem. Soc., 90, (10) A. Allerhand and P. von R. Schleyer, ibid., 85, 1715 (1963).
327 (1968). (11) J .  J .  Gajewski, unpublished observations.
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A n al. Caled for C8H18B r02: C, 43.44; H , 5 .98 ; B r, 36.16. vpe on a 20 ft X  Vs in. UCON 50HB2000 column operated at
Pound: C ,4 3 .4 8 ; H ,5 .8 6 ; B r, 36.16. 148° and 75-ml/min helium flow gave 0.40 g of 99 +  %  homogene-

Fraction II I  appeared to be the other isomer of 1-carbethoxy- ous 3, subsequently identified as medial,anii-l-carbethoxy-4-
2-bromo-2-ethylcyclopropane (8 or 9) contaminated with about methylspiropentane, and 0.56 g of 9 9 + %  homogeneous 4 which
15%  of diethyl fumarate: nmr (60 MHz) of fraction III 8 0 .9 -2 .0  was subsequently identified as proximai-l-carbethoxy-4-methyl-
(complex multiplet, relative area 3 .5), 4.14 (center of two nearly spiropentane.
superimposed quartets, relative area 7 .9 ), and 6.77 (singlet, Properties of m edial,an!i-l-carbethoxy-4-methylspiropentane, 
relative area 1). Fraction II was a mixture of fractions I and 3: ir (CCU) 3080, etc., 1730, 1450, 1360, 1340, 1255, 1170,
II I . 1135, 1125, 1090, 1065, 1040, 1005, and 925 cm “1; nmr (60

Subsequent experiments indicated that fractions I, II , and MHZ) 8 0.42 (broad singlet, 1 H ), 0 .9 -1 .55  (multiplet, 10 H ),
III  could be dehydrobrominated to the same 1 :4  mixture of the 1.78 (doublet of doublets, J  =  7.5 and 4 Hz, 1 H ), and 4.06
syn- and aníf-2-ethylidene-l-carbethoxycyclopropanes, 10 and quartet, J  =  7.5 Hz).
11. A nal. Caled for Cr.HuCh: C, 70.10; H , 9 .15 . Found:

syn- and awíi-2-Ethylene-l-carbethoxycyclopropanes (10 and C, 70.39; H, 9.27.
11).— To a rapidly stirred, refluxing slurry of 17.5 g (0.738 mol) Properties of próxima M-carbethoxy-4-methylspiropentane, 4: 
of sodium hydride and 30.0 g (0.136 mol) of 8 and/or 9 (fractions ir (CC14) 3060, etc., 1725, 1450, 1360, 1340, 1300, 1260, 1160,
I, II , or II I)  in 300 ml of diethyl ether under nitrogen was added 1120, 1070, 1035, 1010, 940, and 895 cm -1; nmr (60 M Hz) 8
2.0 ml of ethanol.12 Refluxing with stirring was continued for 0.46 (triplet, J  =  4 Hz, 1 H ), 0 .7 -1 .58  (complex multiplet, 10 H ),
80 min; then the reaction mixture was allowed to cool. The 1.82 (doublet of doublets, J  =  7 and 4  Hz, 1 H ), and 4.08 (quar-
sodium hydride was decomposed by careful addition of excess tet, J  =  7 Hz, 2 H ).
acetic acid; then water was added. This treatment resulted in a A nal. Caled for C9H u02: C, 70.10; H , 9 .15 . Found:
clear, two-layer solution. The layers were separated and the C, 69.81; H ,9 .0 1 .
aqueous layer was extracted with ether. The combined ether Cyclopropanation of 11. distal- and m edial,syn- 1-Carbethoxy- 
layers were washed with a 10% sodium bicarbonate solution 4-methylspiropentanes (5 and 6 ).—As described above for pro-
until washings were basic. After being washed with saturated duction of 3 and 4, a total of 2.38 g (0.017 mol) of 11 was treated
brine and dried over anhydrous sodium sulfate, the ethereal with a total of 51 g (0.49 mol) of N-methyl-N-nitrosourea. Vpc
solution was concentrated by removal of the solvent through a analysis revealed the presence of three components in the ratio
Vigreux column at atmospheric pressure giving 27 g of a brown 4 :1 :2  in order of retention times on a 2 0 ft X  3/s in. UCON 50-
residue which was distilled at aspirator vacuum. A total of 5 .2  HB2000 preparative vpc column with the minor (middle) eom-
g of a clear distillate, bp 74-82° (25 Torr), was collected. The ponent being starting material. Vpc separation under the same
pot residue consisted of starting bromide and materials con- conditions described for 3 and 4 allowed isolation of 0.76 g of
taming alkylethoxy groups by nmr. The distillate contained two 99%  pure 6 which was later identified as m edial,syn- 1-carbeth-
materials in the ratio of 1 :4 . The mixture was separated by re- oxy-4-methylspiropenta ne and 0.43 g of 99 +  %  pure 5 which was
peated 100-/J injections on a 20 ft X  8/s in. UCON 50HB2000 subsequently identified as dfsíaí-l-carbethoxy-4-methylspiro-
vpc column operated at 125° and 200-ml/min helium flow. The pentane.
minor product which, in addition, had the shorter retention time Properties of m edial,si/n-l-carbethoxy-4-methylspiropentane
of the two was later shown to be s:/n-2-ethylidene-1-carbethoxy- (6): ir (neat) 3080, etc., 1730, 1450, 1375, 1345, 1325, 1265,
cyclopropane (10). The major product was later found to be 1185, 1130, 1070, 1040, 890 (broad weak), 845, and 775 cm -1 ;
aníi-2-ethylidene-l-carbethoxycyclopropane (11). nmr (60 MHz) 8 0.49 (broad singlet, 1 H ), 0 .8 -1 .5 0  (multiplet,

Properties of syw-l-carbethoxy-2-ethylidenecyclopropane (10): 10 H ), 1.85 (doublet of doublets, J  =  7 and 4 Hz, 1 H ), and
ir (neat) 2995, 1735, 1160, 1090, 1075, 1050, 1030 (sh), 990, 4.05 (quartet, J  =  7.5 Hz, 2 H ).
945 , 915, 860 (w), 825, 785 (w), and 755 (w) cm “1; nmr (100 A n al. Caled for C9H140 2: C, 70.10; H, 9 .15 . Found:
MHz) 8 1.23 (triplet, 3 H, J  =  7.0 Hz), 1 .37-1.73 (multiplet, C, 70.18; H , 9.15.
2 H ), 1 .73-1 .87  (complex multiplet centered at 8 1.77, 3 H ), Properties of distal-l-carbethoxy-4-methylspiropentane (5):
2 .00-2 .20  (symmetrical multiplet centered at 8 2 .10, 1 H ), ir (neat) 3075, etc., 1730, 1450, 1410, 1390, 1380, 1350, 1320,
4.08 (quartet, J  =  7.0 Hz, 2 H ), and 5 .5 5 -6 .0  (symmetrical 1270, 1180, 1160, 1120, 1090, 1070, 1030, 980, 945, 925, 880,
multiplet centered at 8 5.78, 1 H ); nmr (220 M Hz) 8 1.25 (triplet, 855, and 750 cm -1; nmr (60 M Hz) 8 0.58 (center of multiplet,
J  =  7 Hz, 3 H ), 8 1.54 (triplet with fine structure, J  =  7H z, 1 H ), 1 H ), 0 .75-1 .45  (multiplet, 10 H ), 1.83 (doublet of doublets,
1.7 (multiplet, 1 H ), 1.78 (doublet of quartets, J  =  7 and 2 Hz, J  =  7 and 4 Hz, 1 H ), and 4.08 (quartet, J  -  7 Hz, 2 H ).
3 H ), 2.1 (multiplet, 1 H ), 3.98 (quartet, /  =  7 Hz, 2 H ), and A n al. Caled for C9H140 2: C, 70.10; H, 9 .15 . Found:
5.70 (multiplet, 1 H ). C, 70.23; H, 9.12.

A n al. Caled for C8Hi20 2: C, 68.55; H, 8.63. Found: C, 1,4-Dicarbethoxyspiropentanes (15, 16, and 17).— Ethyl 
68.57; H, 8 .54. diazoacetate (4.6 g, 0.040 mol) dissolved in 30 ml of n-octane was

Properties of aníi-l-carbethoxy-2-ethylidenecyclopropane (11): added over a period of 24 hr to a refluxing solution of 2.6 g (0.021
ir (neat) 2995, 1735, 1160, 1090, 1075, 1045, 1025, 960 (sh), mol) of methylenecarbethoxycyclopropane in 10 ml of n-octane
940, 855 (w), 830 (w), and 750 (w) cm -1; nmr (100 M Hz) 8 containing 0.03 g of copper bronze and 0.07 g of anhydrous cupric
1.25 (triplet, /  =  7.0 Hz, 3 H ), 1 .35-1.75 (multiplet, 2 H ), sulfate. After addition the mixture was cooled and filtered, and
1.87 (doublet of quartets, J  — 6.5 and 1.8 Hz, 3 H ), 2 .00-2 .20  the solvent was removed by distillation2 Vacuum distillation of
(symmetrical multiplet of 11 lines each separated by 1.8 Hz, the residue gave 3.62 g (87% ) of material boiling at 84-88° (0.5
centered at 8 2.10 1 H ), 4.12 (quartet, J  =  7.0 Hz, 2 H ), and 5 .6 0 - Torr). Vpc analysis (5 ft X  ' / 4 in. SE-30 column) of the mixture
6.10 (symmetrical multiplet, centered at 8 5 .85, 1 H ); nmr showed three peaks in a ratio of about 1 :4 :2 .  The mixture was
(220 MHz) 8 1.25 (triplet, J  =  7 Hz 3 H ), 1.47 (triplet with fine separated using an 18 ft X  Vs in. 25%  SE-30 column at 150°.
structure, J  =  8 Hz, 1 H ); 1.63 (multiplet, 1 H ), 1.85 (doublet Fraction I. proxim al-1,4-Dicarbethoxyspiropentane (15).'— 
of quartets, J  =  7.5 and 2 Hz, 3 H ), 2.11 (multiplet, 1 H ), 3.97 About 0.1 g of the first fraction was recovered after repassing
(quartet, J  =  7 Hz, 2 H ), and 5.75 (multiplet, 1 H ). through the 18-ft SE-30 column. The material was subsequently

A nal. Caled for CsHi20 2: C, 68.55; H, 8 .63. Found: C , shown to be prox im al-i ,4-dicarbethoxyspiropentane, 15: ir
68.68; H, 8 .62 . (CHCls) 2984, 2935, 2909, 1725, 1378, 1349, 1323, 1274, 1165,

Cyclopropanation of 10. m edial,anti- and prox im al-l-C aih -  1121, 1098, 1071, and 1019 cm “1; nmr (100 M Hz) (CC14) 8
ethoxy-4-methylspiropentanes (3 and 4 ).— gaseous diazomethane 1.03 (triplet, /  =  7 Hz) superimposed on a multiplet between 0.95
generated from 40 g (0.39 mol) of N-methyl-N-nitrosourea was and 1.25 (total of 10 H ), 1.89 (doublet of doublets, J  =  7.5 and
bubbled into a solution of 1.87 g (0.0135 mol) of 10 in 5 ml of 5 Hz, 2 H ), and 3.86 (quanet, /  =  7 Hz, 4 H ).
ra-pentane containing 0.2 g of cuprous chloride at 0 ° , according A nal. Caled for CnHI60 4: C, 62.25; H, 7 .60. Found:
to the Gaspar-Roth recipe.7 After filtration and bulb-to-bulb C, 62.26; H, 7.57.
distillation under vacuum, 1.45 g of colorless liquid was obtained. Fraction H. m edial-1,4-Dicarbethoxyspiropentane (16).— Ap- 
Vpc analysis revealed the presence of three peaks in the ratio proximately 1.4 g of the second fraction was obtained after
0 .4 .0 .8 .1  (in order of increasing retention time) with the minor repassing through the Vs-in. SE-30 column. This was medial-
component being unreacted starting material. Preparative 1 ,4-dicarbethoxyspiropentane (16): ir (CHCls) 2978, 2933, 2904,
------------------- 1720, 1393, 1370, 1340, 1323, 1267, 1163, 1117, 1092, 1058,

(12) J .  A. Carbon, W. B . Martin, and L. R . Swett, J .  Amer. Chem. Soc., 1028, and 1015 (sh) cm-1; nmr (100 M Hz) (CC14) 8 1.13 (two
80,1002 (1958). nearly superimposed triplets, J  =  7 Hz, 6 H ), 1.33 (multiplet,
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4 H ), 1.83 (multiplet, 2 H ), and 3.92 (two nearly superimposed due was dissolved in ether. The ether solution was washed with 
quartets, /  =  7 H z ,4 H ) .  saturated sodium sulfite and dried over anhydrous magnesium

A nal. Calcd for C nil160 ( : C, 62.25; H, 7.60. Found: sulfate. Upon distillation of the ether at atmospheric pressure,
C, 62.36; H, 7.58. there remained 0.65 g (89% ) of a yellow oil: nmr (60 MHz)

Fraction I I I .  dfsZaZ-1,4-Dicarbethoxyspiropentane (17).— Ap- (CCh) 8 0.58 (triplet, 2 H ), 1 .13-2.13 (multiplet, 4 H ), and 3.16
proximately 0.8 g of fraction I I I  was recovered after repassing (doublet of doublets, 4 H ).
through the 3/ 8-in. SE-30 column. This material was later shown This diiodide was added dropwise to a large excess of lithium
to be distal-l,4-dicarbethoxyspiropentane, 17: ir (CHCh) 2980, aluminum hydride suspended in diethoxydiethylene glycol at 80°
2938, 2904, 1710, 1365, 1341, 1311, 1289, 1268 (sh), 1160, 1091, and 185 Torr. The hydrocarbon, distal- 1,4-dimethylspiro-
1055 (sh), and 1021 cm -1; nmr (100 M Hz), (CCh) 5 1.14 (trip- pentane (32), was trapped in a U tube cooled by liquid nitrogen; 
let, /  =  7 Hz) superimposed on a multiplet between 1.04 and 1.29 about 90 ¡A of material was obtained. The compound was puri-
(total of 8 H ), 1.45 (triplet, J  — 4.5 Hz, 2 H ), 1.85 (doublet of fied by vpc using a 5 ft X  V< in. 20%  SE-30 column at room
doublets, J  — 6 and 4.5 Hz, 2 H ), and 3.92 (quartet, J  — 7 temperature and 25-ml/min helium flow rate (50-60 /d re- 
Hz, 4  H ). covered): ir (CCh) 3045, 2987, 2946, 2863, etc., 1380, 1078,

A nal. Calcd for CuH „0«: C, 62.25; H , 7 .60. Found: 1029, 999, 957, and 850 cm -1; nmr (100 MHz) 8 0.22  (broad
C, 62.22; H , 7 .56 . singlet with fine structure, 2 H ) and 1.02 (doublet, J  =  2 Hz)

proxmaZ-1,4-Spiropentanedimetaanol (18).— To a suspension superimposed on a multiplet 0 .74-1 .12  (total of 10 I i) . 
of 0.1 g (2.6 mmol) of lithium aluminum hydride in about 5 A nal. Calcd for C7H 12: C, 87.42; H, 12.58. Found: C,
ml of dry ether was added 0.05 g (0.24 mmol) of 15. After 1 hr 87.49; H, 12.60.
of reflux, a freshly prepared, saturated solution of anhydrous m edial- 1,4-Dimethylspiropentane (13).—m edial-1,4-Dimethyl-
sodium sulfate was added dropwise until a white precipitate was spiropentane (13) was prepared from 19 in the same manner as
obtained. The solid was filtered from the ether solution and described for production of 14 from20: ir (CCU) 3050, etc., 1378,
washed several times with tetrahydrofuran. The washings 1305, 1089, 1045, 1030, 999, and 848 cm -1; nmr (100 MHz)
were combined with the original filtrate and the solvent was (CCU) 8 0.33 (unsymmetrical multiplet, 2 H ) and 1.03 (broad
removed. After passing through a 5 ft X  Vi in. 20%  SE-30 doublet) superimposed on a multiplet between 0.70 and 1.14
column at 130° twice, pure 18 was obtained: ir (CS2) 3620, 3480, (total of 10 H ).
and 3260 (broad) cm “1; (C H C I3) 2950, 2915, 2870, 1430, 1360, A nal. Calcd for C7H i2: C, 87.42; H, 12.58. Found: C,
1310, 1210 (broad), and 1153 cm -1; nmr (100 MHz) (CDCh) 87.33; H, 12.54.
8 0.72 (unsymmetrical triplet, J  =  4.5 Hz, 2 H ), 0.90 (doublet m edial,syn-4-Methyl-l-spiropentanemethanol (23).— Reduc-
of doublets, J  =  8 and 4 Hz, 2 H ), 1.55 (symmetrical seven-line tion of 6 to m edial,sj/re-4-methyl-l-spiropentane-methanol (23) 
multiplet with 4-Hz separation between each line, 2 H ), 3.42 was accomplished as described above for reduction of 17 to 20 :
doublet of doublets, /  =  11 and 7.5 Hz, 2 H ); 4.10 (doublet of ir of (CCh) 3614, 3350 (broad), 3050, e tc ., 1380, and 1055 cm ';
doublets, J  =  11 and 4 Hz, 2 H ), and 4.50 (broad singlet, 2 H ). nmr (100 MHz) (CCh) 8 0.30 (unsymmetrical triplet, J  =  3.5

A nal. Calcd for C7H12O2: C, 65.59; H, 9 .44 . Found: H z), 0.48 (unsymmetrical trip let,/  =  4 Hz, 1 H ), 1.00 (doublet,
C, 65.40; H, 9 .38. J  — 2 Hz) superimposed on a multiplet from 0.70 to 1.40 (total of

m edial- 1,4-Spiropentanedimethanol (19).— Reduction of 16 7 H ), 2.56 (broad singlet, 1 H ), and 3.39 (doublet, /  = 7 Hz,
by lithium aluminum hydride to give TOediaZ-l,4-spiropentane- 2 H ).
dimethanol (19) was accomplished in near-quantitative yield after A n al. Calcd for C7H12O: C, 74.95; H, 10.79. Found:
vpc purification as described above for production of 18: ir C, 75.05; H , 10.75.
(CS2) 3640 cm " 1 (intermolecularly bonded hydroxyl absorption meiiaZ-1,4-Dimethylspiropentane (13) from 23. The alcohol
was not observed at the low concentration employed in this mea- 23 was converted to medfaZ-l,4-dimethylspiropentane (13) in the
surement, which was necessitated by the poor solubility of 19 same manner as described for conversion of 20 to 14. The spec-
in the solvent); ir(C H C l3) 3610, 3360 (broad,) 1382, 1310, 1220 tral properties and vpc retention time on a 250-ft UCON 50-
(broad), 1138, 1090, and 990 cm "1; nmr (100 MHz) (CDCb) H B2000 capillary column of vpc purified hydrocarbon were
8 0 .60-1 .06  (multiplet, 4 H ), 1 .10-1.60 (multiplet, 2 H ), 2.63 identical with those of the hydrocarbon prepared from 19.
(singlet, 2 H ), and 3.64 (ten-line multiplet, 4 H ). proxmaZ-4-Methyl-l-spiropentanemethanol (21).— Reduction

A nal. Calcd for C7H120 2: C, 65.59; H, 9 .44. Found': of 4 to proxfjraM-methyl-l-spiropentane-methanol (21) was
C, 65.68; H, 9 .40. accomplished as described above for reduction of 17 to 20 : ir

disiaZ-1,4-Spiropentanedimethanol (20).— Reduction of 17 (CCh) 3614, 3360 (broad), 3050, etc., 1377, and 995 cm *; nmr
to distal-1 ,4 -spiropentanedimethanol (20 ) was accomplished in (100 MHz) (CCh) 8 0.35 (broad singlet, 1 H ), 0.53 (unsymmet-
good yield in the same manner as described above for reduction rical triplet, J  =  4.5 Hz, 1 H ), 0.82 (doublet of doublets, J
of 15 to give 18: ir (CS2) 3640 cm -1 (no other hydroxyl absorp- = 7 and 4 Hz, 2 H ), 1.08 (doublet, J  =  1.5 Hz, 4 H ), 1.40
tions were observed at the low concentrations employed in this (multiplet, 1 H), 2.30 (broad singlet, 1 H ), 3.31 (unsym- 
measurement owing to limited solubility of 20 in the solvent); ir metrical triplet w:th 7-Hz separation between lines, 1 H ), and
(CHCh) 2948, 2910, 2868, 1430, 1358, 1310, and 1152 cm -1; nmr 3.63 (broad singlet, 1 H ).
(100 MHz) (CDCh) 8 0.62 (unsymmetrical triplet, /  =  4.5 Hz, A nal. Calcd for C7H i20 : C, 74.95; H , 10.79. Found.
2 H ), 1.06 (doublet of doublets, J  =  8.0 and 4.5 Hz, 2 H ), C, 75.06; H, 11.04.
1.46 (doublet of quartets, /  =  6.5 and 4.5 Hz, 2 H ), 1.92 (sin- proxfmaZ-l,4-Dimethylspiropentane (12).— The alcohol 21 was
glet, 2 H ), and 3.58 (doublet, /  =  6.5 Hz, 4 H ). converted to proxfmaZ-1,4 -dimethylspiropentane (12) in the same

A nal. Calcd for C7H i20 2: C, 65.59; H , 9 .44 . Found: manner a s described for conversion of 20 to 14 ir of vpc-puri-
C, 65.71; H , 9 .48 . fled 12 (CCh) 3050, 1505, 1381, 1373, 1183, 1093, 1043, 998,

’distal- 1,4-Dimethylspiropentane (14).—The diol 20 (0.37 g, and 850 cm -1; nmr (100 MHz) (CC14) 8 0.33 (broad singlet,
0.0029 mol) was dissolved in 0.1 ml of pyridine; the solution was 2 H ), 0.80 (broad singlet, 2 H ), and 1.00-1 .10  (doublet, /  -
cooled to 0° and added dropwise to a solution of 1.25 g (0.0066 1 Hz, superimposed on a multiplet, total of 8 H ). 1 he capillary
mol) of p-toluenesulfonyl chloride dissolved in about 3 ml of vpc retention time of this material was similar to but not the
pyridine also cooled to 0 ° . After stirring at 0° for 2.5 hr, the same as that of 13 or of 14. Because of the limited amounts of
reaction mixture was taken up in ether and washed twice with starting material and losses on vpc purification, it was not pos-
50-ml portions of ice-cold 5%  hydrochloric acid, once with 50 ml sible to obtain an elemental analysis of this hydrocarbon, 
of cold water, and once with saturated sodium bicarbonate solu- m edial,anZf-4-Methyl-l-spiropentanemethanol (22). -Reduc­
tion. Drying over anhydrous magnesium sulfate and re- tion of 3 to mediaZ,araZi-4-methyl-l-spiropentanemethanol ( )
moval of the ether gave 0.91 g (71% ) of a clear oil: nmr (60 M Hz) was accomplished as described above for reduction of 17 to 20 :
(CDCh) 0.58 (triplet, J  =  5 Hz, 2 H ), 0 .90 -1 .50  (multiplet, ir (CCh) 3618 , 3400 (broad), 3053, e tc ., 1379, and 999 cm ; nmr
4 H ), 2.43 (singlet, 6 H ), 3.95 (symmetrical five-line pattern (100 MHz) (CCh) 8 0.38 (broad singlet, 1 H ), 0.o9 (unsymmet-
with 6-Hz separation between lines, 4 H ), 7.33 (unsymmetrical rical triplet, J  =  3.5 Hz, 1 H ), 1.01 (broad smplet)
doublet, J  =  8 Hz, 4 H ), and 7.70 (unsymmetrical doublet, J  posed on a multiplet between 0.7 < and 1.39 (total of 7 t i ) ,  1.99
=  8 H z’ 4 H ). (broad singlet, 1 H ), and 3.47 (doublet, J  =  / Hz, 2 H ).

This ditosylate (0.91 g, 0.021 mol) was dissolved in acetone, A nal. Calcd for C 7H 12O : C, 74 .95 ; H , 10.79. Found:
added to an acetone solution of 0.80 g (0.0053 mol) of sodium 74.90; H, 10.71. , , ,
iodide, and refluxed for 1.5 hr. After this time the mixture was m edial- 1,4-Dimethylspiropentane (13) from 22. The alcohol
filtered, the acetone was distilled from the filtrate, and the resi- 22 was converted to me*aZ-l,4-dimethylspiropentane (13) m the
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same manner as described for conversion of 20 to 14. The spec- HB2000 capillary column of vpc purified hydrocarbon were 
tral and vpc retention time on a250-ft UCON 50HB2000 capillary identical with those of the hydrocarbon prepared from 30.
column of vpc-purified material were identical with those of the _  .  ̂ , ,  » _
hydrocarbon prepared from 19. Registry No.—3, 2 4 2 9 8 -7 3 -5 ; 4, 2 4 2 9 8 -7 4 -6 ; 5,

distoi-4 -Methyl-l-spiropentanemethanol (24).— Reduction of 2 4 2 9 8 -7 5 -7 ; 6 ,2 4 2 9 9 - 2 8 - 3 ;  7 ,6 1 4 2 - 6 8 - 3 ;  8 ,2 4 2 9 9 - 2 9 - 4 ;  
S to dlstal-4-methyl-l-spiropentanemethanol (24) was accom- 2 4 2 9 9 -3 0 -1 ; 10, 2 4 2 9 9 -3 1 -8 ; 11, 2 4 2 9 9 -3 2 -9 ; 12,
plished as described above for reduction of 17 to 20: ir (CC14) oaoqq qq n- 1 3 m e A in i  9 4 9 0 0 -3 4 -1  • 1 4  9 4 2 0 0 -3 5 -2  •
3620, 3370 (broad), 3050, etc., 1380, and 1022 cm -'; nmr (100 i f  94.900° f  ’ T f i  9 4 9 0 0  3 7  4- ’ 17a  ’ 2 4 3 7 5  8 0  1-
MHz) (CCh) « 0.23 (broad singlet, 1 H ), 0 .44  (unsymmetrical 1 5 > 2 4 2 9 9 -3 b -d , 10 , 2 4 2 0 0 -4 1 -4 , i / a ,  2 4 9 1 0 -4 0 -1 ,
triplet, 1 H ), 1.01 (broad singlet) superimposed on a multiplet 18, 2 4 2 9 9 -3 9 -6 ; 19, 2 4 2 9 9 -4 0 -9 ; 20, 2 4 3 4 3 -7 9 -1 ;
between 0.75 and 1.44 (total of 7 H), 2.53 (broad Singlet, 1 H), 21, 2 4 2 9 9 -4 1 -0 ; 22, 2 4 2 9 9 -4 2 -1 ; 23, 2 4 3 4 3 -8 0 -4 ;
and 3.40 (doublet, J  =  7 Hz 2 H). 9 4  2 4 2 9 9 -4 3 -2

A n al. Calcd for C7H 12O: C, 74.95; H, 10.79. Found: ’
0 ,7 4 .8 4 ;  H, 10.61. Acknowledgment.'— W e wish to thank the donors of

distal-1,4-Dimethylspiropentane (14) from 24. The alcohol Petroleum Research Fund, administered by the
24 was converted to fetoU,4-dimethylspiropentane (14) m the A m erican  C h em ical S o cie ty  (2 7 5 4 -A  1 ,4 ) , for partial
same manner as described for conversion of 20 to 14. 1 he spec- J  x 7/7 *
tral properties and vpc retention time on a 250-ft UCON 50- su p p o rt o l th is  w ork.
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The rates of rearrangement of allyl p-tolyl ether in the gas phase and in 17 solvents of different polarities have 
been determined. The rates varied over a 300-fold range, indicating a considerable solvent effect. The normal 
rearrangement product was formed in every case. The results cannot be explained solely on the basis of the 
hydrogen-bonding ability of the solvent and it is necessary to invoke other solvent properties to account for the 
findings.

T h e  C laisen  re a rra n g e m e n t h as o ften  been  c ite d  as a  e th e r w ere sealed  in  e v a cu a te d  tu b es an d  th e rm o sta te d
re a c tio n  insen sitive to  so lv en t effects, in sp ite  of th e  fa c t  fo r v a rio u s  in te rv a ls . T h e  sam p le size w as such  th a t
th a t  e a rly  stu d ies3 in d icated  th a t  th is  w as p ro b ab ly  n o t all of th e  re a c ta n t  a n d /o r  p ro d u ct w as in th e  gas p h ase
so. A  couple of m o re  re ce n t in v e stig a tio n s18" 4 h a v e  a t  th e  re a c tio n  te m p e ra tu re . T h e  e x te n t of re a c tio n
also in d icated  th a t  th e  re a ctio n  is influenced b y  th e  w as d eterm in ed  from  th e  u ltra v io le t s p e c tru m  of a
n a tu re  of th e  m edium . A  m ore  co m p lete  ev a lu a tio n  of solu tion  of th e  p a rtia lly  re a c te d  sam p le in  alcoh olic
so lv e n t effects an d  th e ir  origin  w as a tte m p te d  in th is sodium  h yd roxid e  solution . T h e  ab sen ce  of a  w all
in v estig atio n . effect in th e  gas p h ase  re a c tio n  w as ob vious fro m  th e

c o n sta n cy  of p er ce n t re a ctio n  in  n o rm al tu b es an d  in  
Results tu b es p ack ed  w ith  glass w ool. T h e  r a te  co n sta n ts

T h e  ra te s  of re a rra n g e m e n t of a lly l p -to ly l e th e r in o b tain ed  b y  th ese  m eth od s are  listed  in T a b le  I .
th e  gas p hase an d  in  17 solven ts of differing p olarities  T h e se  v a lu e s  w ere u se e  to  o b ta in  ra te  co n sta n ts  a t  170
w ere d eterm in ed . T h e  specific ra te  co n sta n t w as b y  e x tra p o la tio n  or in terp o latio n  (T a b le  I I )

m easu red  in one of th re e  different w ays, depending on T  le reactl011 P roduf  lrla11 ° f t b e s o lv e f t s ^ a s s h o w n  
th e  n a tu re  of th e  so lven t. I f  th e  so lv en t h ad  negligible to  , be 2 -a lly l-4 -m eth y lp b en o l b y  iso top e d ilution
ab so rp tion  in  th e  u ltra v io le t-v is ib le  ra n g e , a liq u ots of a n a ly sls- A , solu t,o il of a lly 1' C  P ' ^ }  e th f  “  ,tb e
th e  re a c tio n  m ix tu re  w ere dissolved in  aq ueous o r solv,eni  , u n d er s tu d y  , w as re a rra n g e d ; n -2 -a lly l-4 -
alcoh olic b ase an d  th e  fo rm atio n  of p ro d u ct w as fol- m eth ylp h en o l w as m ixed  in  an d  th en  w as co n v e rte d  in-
low ed th ro u g h  th e  ab so rp tion  of th e  2 -a lly l-4 -m e th y l- to  th e  3 ,5 -d m itro b e n z o a te  for isolation  a n d  p u rificatio n ,
p hen oxid e ion. T h e  re a c tio n  in  so lven ts th a t  h a v e  T b e  P e r , % n t y leld of 2 -a lly l-4 -m e th y lp h e n o l w as
sign ifican t ab so rp tio n  in  th e  u ltra v io le t-v is ib le  region  ca lcu la te d  from  th e  specific a c tiv ity  of th e  purified
w as m o n ito red  b y  ob servin g  th e  ch an ge in  a  b an d  a t  P r / duic b  T h e  y ie d̂s m  th e  v a rio u s so lven ts axe show n
1 2 .9 1  y. th a t  a p p ears  in  th e  in frared  sp e ctru m  of ally l 111 T a b le  I I I .  T h e  exp ected  p ro d u ct, 2 -a lly l-4 -m e th y l-
p -to ly l e th er. In  th e  gas p hase ru n s, sam p les of th e  phenol, w as form ed  m  g re a te r th a n  8 0 %  yields in  all of

th e  solven ts e x ce p t 2 -a m m o e th a n o l, 2 -o c ta n o l, p ro p y l-  
s p.apcr3, w ~ ,rics; ia) W'„N' ™ te' D' Gwynn’ R- ene ca rb o n a te , sulfolane, an d  p -ch lorop h en ol. B e ca u se
(b) w. n . White and b . e . Norcross, ibid., ss, 1968 (1961); (o) w. n . of th e  p ossib ility  for d ecom p osition  of th e  p ro d u ct d u rin g
white and b . e . Norcross, ibid., ss, 3265 (1961); (d) w. n . White and th e  lon g re a c tio n  period , th e  re a rra n g e m e n t in th ese

Or'gKcIem.: ( ^ o f  ®  I d “  Slatl, fiVC S° lveIltS WaS Carried 0U t f° r  a  Sh° r te r  P eri° d ' In  a11
2908(1962); (g) w. n . white and e . f . Wolfarth, ibid., 26,3509 (1961); cases,, th e  yields w ere im p ro ved  in d icatin g  th a t  th e  
(h) w. n . white, c . d . siater, and w. k . Fife, ibid., 26,627 (1961). p ro d u ct w as being d estro y ed  b y  prolonged h eatin g .

(2) This investigation was supported by Grants G-7345 and GP-1970 
from the National Science Foundation.

(3) J .  F . Kincaid and D. S. Tarbell, J. Amer. Chem. Soc., 61, 3085 (1939), D is C U S S io n
found that the rate of rearrangement of allyl p-tolyl ether in the absence of

r l r r o V n c c r l  I T *  f0/ f ld,as th,e rea' / io'> r - gr- - d  implying that the A s is evid en t from  th e  d a ta  listed  in  T a b le  I I ,  th ereaction occurred faster in the phenolic product than in the original ether. . . . . _ .
(4) H. L. Goering and R. R. Jacobsen, ibid., 80, 3277 (1958). ra te  of th e  ortho C laisen  re a rra n g e m e n t is sign ifican tly
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T a b l e  I
R e a r r a n g e m e n t  R a t e s  o f  A l l y l  p - T o l y l  E t h e r  in  V a r io u s  S o l v e n t s  

S o lv e n t M e th o d “  T,b °C  10« k (s e c -i)  S o lv e n t M e th o d “  T,b °C  10« k ( s e c - ')

Gas phase A 185.3  0 .3 0 9  1-Decanol B  160.3  0 .501  ±  0 .003
199 .7  1 .63  180 .3  2 .4 1  ±  0 .01
217 .3  5 .9 6  199 .7  9 .4 8  ±  0 .0 3
231 .9  12 .2

Tetradecane B  160 .3  0 .1 2 3  ±  0 .0 0 2  Et(O CH 2CH2)2OH B 160 .3  0 .7 8 4  ±  0 .0 0 4
180 .3  0 .7 2 8  ±  0 .0 0 2  180.3  3 .9 4  ±  0 .05
199 .7  3 .3 0  ±  0 .0 2  199.7  15 .7  ±  0 .7

(ri-C4H 9)20  B  170.3  3 .2 7  ±  0 .2  n-C,H15COOH B  170 .3  2 4 .2  ±  0 .3
71-C10H21NH2 B  160.3  0 .187  ± 0 . 0 0 1  HOCH2CH2NH2 B  160 .3  1 .22  ± 0 . 0 1

180.3  1 .05  ±  0 .0 1  180.3  5 .7 9  ±  0 .0 3
199.7  4 .6 4  ±  0 .0 1  199.7  2 4 .2  ±  0 .3

(EtOCERCHj^O B  170.3  5 .3 3  ±  0 .4  HOCH2CH2OH B  155 .3  2 .0 6  ±  0 .0 2
170.3  6 .7 3  ± 0 . 1 5
185.3  2 0 .4  ± 0 . 1

Propylene B  160.3  0 .392  ±  0 .0 0 8  p-M eCJROH C 150 .3  1 .90
carbonate 180 .3  2 .1 8  ±  0 .0 6  170 .3  7 .31

199 .7  8 .5 9  ±  0 .1 4  190 .3  2 1 .6
2-Octanol B  160.3  0 .411  ±  0 .0 0 3  C6H5OH C 150.3  2 .4 2

180.3  2 .1 8  ±  0 .0 5  165.3  7 .11
199.7  8 .1 5  ±  0 .0 4  180.3  2 0 .4

NC(CH2)4CN B  160 .3  0 .4 3 6  ±  0 .0 0 3  2 8 .5 %  EtO H -H 20  B  148.7  2 .2 3  ±  0 .01
180 .3  2 .4 2  ±  0 .0 1  159.7 5 .13  ±  0 .03
199.7  10 .4  ± 0 . 3  170.3  10 .7  ±  0 .3

Sulfolane' B 160.3  0 .459  ±  0 .002  p-ClC6H4OH C 148.2  7 .47
180.3  2 .3 6  ±  0 .0 2  158 .8  13.2
199.7  11 .0  ±  0 .1  170 .3  30 .3

0 Method A—gas phase, ultraviolet spectrophotometric analysis; method B—solution, ultraviolet spectrophotometric analysis; method 
C—solution, infrared spectrophotometric analysis. * Temperature maintained to within ± 0 .1 ° . '  Tetramethylene sulfone.

T a b l e  II  T a b l e  III
R a t e  C o n s t a n t s  a n d  A c t iv a t io n  P a r a m e t e r s  f o r  Y i e l d s  o f  2 -A l l y l - 4 - m e t h y l p h e n o l  f r o m  R e a r r a n g e m e n t

R e a r r a n g e m e n t  o f  A l l y l  p - T o l y l  E t h e r  in  o f  A l l y l  p - T o l y l  E t h e r  in  V a r i o u s  S o l v e n t s

V a r io u s  S o l v e n t s  R e a c tio n  t im e ,

1 0 6  jc S o lv e n t h a lf - l iv e s  %  y ie ld

S o lv e n t (see-1) “  Aff**'» AS*''» Z Ethylene glycol 10 101
Gas phase 1 .01 35 .1  — 7 .7  2-Aminoethanol 10 17
Tetradecane 3 .0 1  3 3 .1  -  9 .8  6 0 .1  2 58*
n-Butyl ether 3 .2 7  6 0 .1  Carbitol“ 10 91
n-Decylamine 4 .5 2  3 2 .4  —1 0 .7  1-Decanol 10 94
EthylcarbitoF 5 .3 3  6 5 .2  2-Oetanol 10 81
Propylene n-Decylamine 10 77

carbonate 9 .4 2  3 1 .0  —12 .4  7 2 .4  Adiponitrile 10 95
2-Octanol 9 .6 5  2 9 .3  —16.2  7 8 .6  Propylene carbonate 10 25
Adiponitrile 10 .5  3 2 .0  - 1 0 . 0  7 0 .7  2 87*
Sulfolane* 1 0 .7  3 2 .0  -  9 .8  7 6 .9  Sulfolane' 10 55
1- Decanol 11 .1  2 9 .6  - 1 5 . 2  7 8 .0  2 81*
CarbitoF 1 7 .9  3 0 .1  - 1 3 .1  7 8 .1  Tetradecane 10 90
Octanoic acid 2 4 .2  7 7 .6  Octanoic acid 10 86
2- Aminoethanol 2 7 .1  30 .1  —1 2 .2  8 4 .4  EthylcarbitoD 10 92
Ethyleneglycol 6 7 .3  2 8 .9  —13.1  8 5 .1  n-Butyl ether 10 94
p-Cresol 7 3 .1  2 2 .9  —2 6 .6  8 8 .8  28.5%  ethanol-water 10 93
Phenol 103 2 6 .3  —18 .2  p-Chlorophenol 10 5
2 8 .5 %  ethanol- 2 68*

water 107 2 6 .2  - 1 8 . 5  9 1 .9  Phenol 10 86
p-Chlorophenol 303 2 2 .9  —2 3 .8  p-Cresol 10 88
“ Rate constants at 170°. * In kcal/mol. '  cal/deg mol. Gas phase 10 96

d E t0 C H 2CH20CH2CH20 E t .  * Tetramethylene sulfone. > E t-  « EtOCIRCIROCEhCIROH. * Based on an expected 75%  
OCH2CH2OCH2CH2OH. »The average error of AH* is yield. '  Tetramethylene sulfone. d EtOCIRCIROCIRCIROET.
± 0 .2  kcal/mol and that of A S *  is ± 0 .3  eu (calculated by the 
procedure of E . L . Purlee, R. W. Taft, Jr ., and C. A. DeFazio,
J .  Amer. Chem, Soc., 77, 837 (1955)]. One of the few reactions of this type which has been

carried out in both polar and nonpolar solvents is the 
affected by  the nature of the solvent. T he rate was M enschutkin reaction. T he rate of form ation of
found to vary by a factor of 1 0 0  in going from the least tetraethylam m onium  iodide from ethyl iodide and
polar to the most polar solvent studied, and a factor of triethylam ine a t 1 0 0 ° is very solvent sensitive; the
3 0 0  in going from the gas phase to the m ost polar rate in methanol is 2 9 0  times as great as th a t in hexane5
Solvent. I t  is interesting to compare these rate factors
W i t h  t h o s e  O b s e r v e d  i n  W e l l - e s t a b l i s h e d  p o l a r  r e a c t i o n s .  (5) N .  M e n s c h u tk in ,  Z. Phys. Chem. (L e ip z ig ), 6, 41 (1890).
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and the difference in rates in nitrobenzene and in (r =  0.892, s =  13.93). Three of the solvents in which 
hexane6 is even greater, 2800-fold. On the other hand, rates were determined are not included in this correla-
the solvent effects in the reaction between pyridine and tion because their Z  values could not be ascertained
methyl iodide are much smaller; the reaction is only 5.4 (n-decylamine reacted with the pyridinium iodide and 
times faster in 56% ethanol-water than in benzene7 and phenol and p-ehlorophenol absorbed in the charge- 
25 times as fast in nitrobenzene as in benzene.7 transfer region). It is evident that the fit is not per-

A cursory examination of the data of Table II leaves feet. However, it appears to be about as good as the
the impression that hydrogen bonding between the correlations of the rates of iodide-ion exchange, of the
solvent and substrate or acid catalysis may influence rates of the Menschutkin reaction (pyridine and methyl
the rate of the Claisen rearrangement. Thus, the iodide), and of the rates of solvolysis of f-butyl chloride;
solvents in which the reaction was fastest are hydroxylic all cases cited and treated by Kosower8 in support of the
while those in which it was slowest are, in general, usefulness of Z  values. Thus, there is a reasonably
nonhydroxylic. Furthermore, the phenols, which are good correlation between the Z  values and the rates of
actually weak acids, were about the most accelerative rearrangement of allyl p-tolyl ether in different sol-
(with p-chlorophenol, the strongest acid of the three vents. It should be noted that, while the rates were
phenols, showing this effect the most and p-cresol, the determined at 170°, the Z  values for each solvent were
least acidic, showing it the least). measured at 25°. In an attempt to measure Z  as a

However, closer scrutiny of the data shows several function of temperature, it was observed that the 
inconsistencies in this interpretation. For one thing, l-ethyl-4-carbomethoxypyridinium iodide decomposed 
the rate effects of the solvents do not fall in exactly the below 70°.
order expected from their room-temperature acid Since the Z  value of a solvent is a measure of the 
dissociation constants. Thus, the rate in octanoic acid interaction between a dipolar ion pair and the solvent,
was 2.8 times slower than in p-chlorophenol. Like- the correlation between the Z values and the rates of
wise, aqueous ethanol promoted the reaction to about rearrangement suggests that a dipolar or charge-
the same extent as phenol. Furthermore, the reaction separated transition state must also be formed during
was as fast in some nonhydroxylic solvents as in certain the Claisen rearrangement. Such an activated complex
hydroxylic ones (compare propylene carbonate, adipo- has been previously proposed.ld’f,h
nitrile, and tetramethylene sulfone with 2-octanol and In conclusion, the sensitivity of the rate of rearrange-
1-decanol). Clearly, factors other than hydrogen ment of allyl p-tolyl ether to the nature of the reaction
bonding must be involved in solvent effects on the medium can be attributed either to the hydrogen-
Claisen rearrangement. bonding abilities or to the polar character of the sol-

This conclusion is reinforced by the existence of a vent.9 Both of these interpretations leave much to be
good correlation (r =  0.97) between the AH^’s and desired, but correlation in terms of solvent polarities
AS+’s for the rearrangement in different solvents. seems to involve the fewest inconsistencies.
Such an isokinetic correlation has been assumed to
imply that there is no change in mechanism on passing Experimental Section
from one system to another. Thus, the same mecha­
nism must be operating in each solvent studied. This Preparation of Allyl p-Tolyl Ether. This compound, bp 9 0 .0 -
w ould  ten d  to  ru le  o u t th e  op eratio n  of a n y  special 90-5 . a * 12 m m ,(|1t-6 hp 97 .5-98.5  at 17 mm), was prepare as

„  , , , , , previously described13 with one minor modification. Before final
effects (e .g ., h y d rog en  bonding, acid  c a ta ly sis , e tc .)  distillation, the ether was chromatographed on a 15 X  120 mm
th a t  m ig h t be a sso cia ted  w ith  som e solven ts b u t n o t column of activity grade I alumina using Skellysolve B  as eluent,
w ith  o th ers . The solvent was then removed and the residue distilled.

One feature generally associated with hydroxylic Purification of Solvents. All of  ̂ the solvents except the
i i  j-i. i. • u  u c • a  t.- • ethanol-water mixture were commercially available, they were

solven ts th a t  m ig h t be th e  cau se of th e ir  effectiveness m  purified by glow distillation through a lg_cm vigreux column,
fa c ilita tin g  th e  C laisen  re a rra n g e m e n t is th e ir  high A centercut with a boiling range of a degree of less was selected
p o la rity . S o lv en t p o la rity  is a  ra th e r  nebulous te rm  for the kinetic work.
depending as it does on many different solvent proper- The ethanol-water mixture was prepared by pipetting 30 ml of 
ties (dipole moment, polarizability, hydrogen-bonding grain alcohol into a 100-ml volumetric flask and diluting to volume 

™  1.  , J  n . . .  <• 1 . 1 with distilled water to give a 28.5%  ethanol-water mixture,
ability, etc.). The best definitions of solvent polarity Kinetic Measurements. Method B (Nonaromatic Solvents).—  
are empirical. Kosower8 has established a measure of The spectrophotometric procedure outlined in a previous paper14
solvent polarity based on the charge-transfer absorp- was employed with those reaction solvents which had negligible
tion maxima of l-ethyl-4-carbomethoxypyridinium bght absorption in the visible and ultraviolet region.
iodide in various solvents. Absorption wave-lengths Method A (Gas P h ase).-A b o u t 15 mg of allyl p-tolyl ether

. , r  , ., , . , & . was placed m a 25-mi Pyrex test tube and frozen, ih e  tube was
were converted to their equivalents m kilocalones/mole evacuated to 0 .4 -0 .9  mm, and sealed off. At the reaction tem-
and designated as solvent polarity or Z  factors. perature, this amount of ether would be completely in the gas

The qualitative parallelism of the rates of the Claisen phase at a pressure of 95-105 mm. The tubes were immersed in
rearrangement in several solvents with the polarities of in a constant-temPeratine bath for varying intervals and then

, ,. ,  , ,  , removed and cooled. The contents of the sample tube were
th e  so lven ts suggested  th a t  a  co rre la tio n  of th e  ra te s  dissolved in a measured quantity of aicoholic godium hydroxide
m ig h t be o b tain ed  b y  u se of th e  em p irica l Z  fa c to r s .8 solution and the absorbance of the resulting solution was de- 
T h e  follow ing eq u atio n  w as o b tain ed  termined at 278 m¡i (ally! p-tolyl ether) and 301 m/i (2-allyl-4-

methylphenoxide ion). The concentration of each of these sub- 
Z =  15 93 (log k  +  6) +  58 79 stances was obtained by solution of a set of simultaneous equa-

____________  ' tions.
(6) H. G. Grimm, H. Ruf, and H. Wolff, Z. Phys. Chem. (Liepzig), B13,

301 (1931). (8) E . M. Kosower, J .  Amer. Chem. Soc., 80, 3253, 3261, 3267 (1958).
(7) R . A. Fairclough and C. N. Hinshelwood, Chem. Soc., 538 (1937); (9) Referee I  suggests that a multiparameter equation may fit the data

K. J .  Laidler and C. N. Hinshelwood, ibid., 858 (1938). better than a single parameter correlation.
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Method C (Aromatic Solvents).— Approximately 3-g aliquots Preparation of 2-Allyl-4-methylphenyl 3,5-Dinitrobenzoate.—
of a 10-20%  solution of allyl p-tolyl ether in the aromatic solvent Using the procedure of Phillips and Kennan,10 crude 2-allyl-4- 
were sealed in test tubes, and the tubes were thermostated for methylphenyl 3,5-dinitrobenzoate was prepared. The air-dried
various periods of time. The tube was then weighed and the solid was taken up in a small volume of 10%  ether-benzene and
contents were quantitatively transferred to a volumetric flask chromatographed on a 15 X  125 mm column of activity grade I 
and diluted with carbon disulfide ~.o give a solution with an easily alumina, using the same solvent as eluent. After evaporation of
measurable absorbance at 12.91 y. The empty tube was weighed the solvent, the residue was recrystallized three times from 1 :1
and the sample size was obtained by difference. The absorbance benzene-Skellysolve B and three times from 1 :1  chloroform-
values were normalized, using the sample weight, to eliminate Skellysolve B . Colorless needles of 2-allyl-4-methylphenyl 3,5-
variations due to sample size. The absorbance at infinite time dinitrobenzoate, mp 141 .2-142.4°, were obtained,
was available from the known concentrations of the solutions and A nal. Calcd for C17HHN2O6: C, 59.65; H, 4 .12 ; N, 8.18.
the extinction coefficients of the solvent and 2-allyl-4-methyl- Found: C, 59.88; H, 4 .12; N, 7.93.
phenol at 12.91 ¡j . Plots of log (Z)m — D,) vs. t were excellent Identification of Reaction Product and Determination of
straight lines. Yield.— An accurately weighed sample of 25-50 mg of allyl-14C

Preparation of Allyl-14C p-Tolyl Ether.— In a small distillation p-tolyl ether was dissolved in 0 .5 -3 .2  g of solvent and sealed in a
flask equipped with an efficient magnetic stirrer were placed small test tube. The tube was thermostated for a period of either
0.605 g (0.1 mC: 10.5 mmol) of allyl-l-14C alcohol and 1.40 g two or ten half-lives. The contents of the tube were thenquanti-
(24.2 mmol) of ordinary allyl alcohol (a total of 34.7 mmol of tatively rinsed with 30 ml of 10%  sodium hydroxide solution
allyl alcohol). After the addition of 8.0 ml (69.0 mmol) of 48%  into a flask containing a carefully weighed sample (1 .2 -1 .8 g) of
hydrobromic acid, the mixture was warmed to 70°. T hen3 .8 ml normal 2-allyl-4-methylphenol. The resulting mixture was
(69.0 mmol) of concentrated sulfuric acid was added over a thoroughly stirred, acidified with hydrochloric acid, and extracted
period of 20 min, and the product was allowed to distil as it was with 30 ml of ether. The solution was dried over magnesium
formed. The distillate was collected in a receiver immersed in an sulfate and then evaporated. The residue was taken up in 20
ice bath and containing 3 g of solid potassium carbonate. There ml of pyridine and the 3,5-dinitrobenzoate was prepared and
was obtained 3.15 g (75% ) of allyi-14C bromide. purified as described directly above. The melting point and

To the flask containing the allyl-14C bromide were added an mixture melting point showed the material was 2-allyl-4-methyl-
additional 4 g of potassium carbonate, 5.6  g (52.0 mmol) of phenyl 3 ,5-dinitrobenzoate.
p-cresol, and 30 ml of dry acetone. The slurry was stirred and The specific activities of the samples were obtained by convert-
refluxed for 24 hr. After cooling, 30 ml of water was added, jng the samples to carbon dioxide which was collected in an
and the mixture was extracted twice with 60-ml portions of ether. ionization chamber and analyzed for activity with a vi rating
The combined ether extracts were washed twice with 20-ml reed electrometer.14 . . , , , . ,
portions of 10%  sodium hydroxide, solution and once with 20 ml The activity of the orginal allyl-14C p-tolyl ether was obtained
of brine and then dried over magnesium sulfate. The ether was by converting it to 2-allyl-4-methylphenyl 3,5-dinitrobenzoate
removed and the residue was taken up in a small volume of after dilution with the normal ether.
Skellysolve B and chromatographed on a 15 X  120 mm column Registry No.—Allyl p-tolyl ether, 23431-48-3 ; 2-

allyl-4-methylphenyl 3,5-dinitrobenzoate, 24454-16-8.
tilled, giving 3.37 g (88% ) of allyl-14C p-tolyl ether, bp 89-91° (io) M. Phillips and G. L. Keenan, J .  Amer. Chem. Soc., 63, 1926 (1931).
at 12 mm (lit.la bp 9 7 .5 - 98.5° at 17 mm), or a 6 6 %  overall ( I l )  o . K. Neville, ibid., 70, 3501 (1958); V. F . Raaen and G. A. Ropp,
yield based on allyl alcohol. Anal. Chem., 26, 174 (1953).

Kinetics of the Condensation of 2-Picoline with A rom atic Aldehydes
in A cetic Anhydride1
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Department o f  A pplied  Chemistry, Faculty o f  Engineering, N agoya University, Chikusa-ku, N agoya, Ja p a n
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Condensation of 2-pieoline with p-nitrobenzaldehyde to give trans-2-(4'-nitrostyry 1 [pyridine has been studied 
kinetically in acetic anhydride, acetic acid, or N,N-dimethylformamide as solvent. The rate in acetic anhydride 
is shown by the third-order equation v =  fa[2-picoline] [p-nitrobenzaldehyde] [acetic acid], where fa is 2.4 X  10" 5 
M ~2 sec-1 at 135°. Acetic acid is formed in the reaction in acetic anhydride and acts as a catalyst. The catalytic 
ability of carboxylic acids increases with increasing acidity of the acid, the order being as follows: CH3C 0 2H <
PhCChH <  CICH2CO2H. The intermediate alcohol, l - (4 '-nitrophenyl)-2-(a-pyridyl)ethanol (I), was ob­
tained from the reaction in N,N-dimethylformamide or dimethyl sulfoxide in the presence of acetic acid. De- 
hvdration of 1 occurs readily both in acetic acid and in acetic anhydride; the rate of dehydration in N,N-dimethyl- 
formamide with acetic anhydride is higher than that with acetic acid. Therefore, dehydration of 1 may proceed 
via the acetate, followed by the elimination of acetic acid. Only a little olefin and intermediate alcohol were ob- 
tained in the reaction of 2-picoline with benzaldehyde in the presence of basic catalyst such as potassium hy­
droxide, tributylamine, or potassium acetate by refluxing for 100 hr. The results are explicable by a mech­
anism involving rate-determining addition of 2-picoline to aromatic aldehyde, where acetic acid acts as an acid 
catalyst.

The condensation of 2- or 4-picoline with benzalde- condensation has been reported, though 2- and 4-
hyde to give styrylpyridine is satisfactory via ethyl picolines are convertible to their conjugate bases by
pyridylacetate, picoline methiodide, or its N-oxide with the action of ordinary bases.3 * On the other hand, the
basic catalysts,2 but with picoline itself no basic condensation of picoline with benzaldehyde is successlui

(2) S nD bR.10Brag°6 l t d  D. G. Wiberly, J .  Chem. Soc., 5074 (1961); (3) (a) D. A. Brown and M . J .  S. Dewar, J .  Chem. Soc 2406 (1953);
(b) L. Pentimalli, Tetrahedron, 14, 151 (1961); (o) H. C. Beyerman, J .  (b) H. C. Longuet-R.ggms, Proc. Roy. Soc.. Ser A 2W  121 (1951), (o)
Enshnistra, E . Eveleens, and A. Zweiatra, Rec. Trw,. Chim. Pays-Bas, 78, J .  D. Roberts and M. C. Caseno, Basic . ' 3 . L q u e t t ’e
43 (1959); (d) K . Raniaiah and V. R . Srinivasan, In dian  J .  Chem., 1, 351 W. A. Benjamin Inc., New York, N. Y ., 1964, p  1003, (d) L A. D in e t te ,
(1963)- [Chem. Abstr., 60, 500» (1963)]; e) A. P. Phillips, J .  Org. Chem., 12, “Principles of Modern Heterocyclic Chem.stry, W. A. Benjamin Inc., New
333 (1947) York, N .Y ., 1968 pp 245, 293.
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centration of acetic acid and the apparent induction 
60' / c period is shortened. As a limiting case, the reaction in
50. I  r /°  neat acetic acid solvent showed no induction. The

<-/ /  reaction follows third-order kinetics, where k3 is 2.4 X
„̂40 v A /  /  10 ~s M ~2 sec-1 at 135°. Here, a, b, and c are initial

» 30- /  /  A  d s/d t =  k 3 (a  — x)(b  — x){c  +  2x) (1)

° 20. r f / . P  concentrations of p-nitrobenzaldehyde, 2-picoline, and
r f  / acet ic acid, respectively, and x is the concentration of 

10 formed 2-(4'-nitrostyryl)pyridine at time t. The ki-
j  netic data are shown in Table I.

—o-----o----- o------ o----- o----- o—»¿O—
1 2 3 4 5 6 7 24

Reoction Time, hr. T A B L E  I

Figure 1.—‘Effect of acetic anhydride on the condensation of T h ir d -O r d e r  R a t e  C o n s t a n t , k 3, f o r  t h e  R e a c t io n  o f

2-picoline with p-nitrobenzaldehyde at 135° in xylene. Initial 2 -P ic o l in e  w it h  p -N it r o b e n z a l d e h y d e  in  A c e t ic

concentration: p-nitrobenzaldehyde, 0.779 M ; 2-picoline, 2.381 A n h y d r id e  a t  135°
M ; acetic anhydride, (A) 4.613 M , (B ) 2.307 M , (C) 0.923 M,
(D)0AT.

-------------------- Initial concentration, M------------------- » R ate constant,
p-Nitro- M~* sec _1,

by using acetic anhydride as a solvent4 or zinc chloride benzaldehyde 2-Picoiine Acetic acid 10i,:s
as a cata ly st.4a‘5 Isolation of l-phenyl-2-(a-pyridyl)- 0.779 2.381 0 2.4
ethanol as an interm ediate has been reported.4“ T he 0.779 2.381 0.515 2 .8
present paper is a summary of our data of kinetic studies u ■ ' 19 2 3 1 l 030 2 4
on the condensation of 2-picoline with p-nitrobenzalde- 0 779 2 381 1 803 1 9
hyde together with the effect of acetic anhydride and 1 177 l 177 0 585 2 3
carboxylic acids to enable the mechanistic speculation. ‘ Average 2.4

Results and Discussion The results indicate a catalysis by acetic acid. Even
The condensation of 2-picoline with benzaldehyde without addition of acetic acid, the reaction is started by

gave 2-styrylpyridine by refluxing a mixture in acetic a truce °f acetic acid which is contained in the original
anhydride at 140°. The rate is too slow for the con- system. The reaction in acetic anhydride should pro-
venient measurement (10% in 30 hr). The rate with duce 2 molar equiv of acetic acid, and so the rate tends
p-nitrobenzaldehyde is much faster than with benzalde- to increase gradually as the reaction proceeds. An
hyde; this acceleration with an electron-withdrawing alternative possibility that styrylpyridine should pro­
substituent in benzaldehyde, which has been observed mote the reaction as a basic catalyst is excluded, be-
also by Shaw4a and Williams,4b agrees with a positive cause the basicity of styrylpyridine is lower than that
Hammett constant (p =  + 1 .2 ) for the zinc chloride of 2-picoline and because the kinetics is only first order
catalyzed condensation in dimethyl sulfoxide.6 The in 2-picoline.
product was identified by melting point and uv and ir Intermediates. The following facts present evidence 
spectra as ¿rans-2-(4'-nitrostyryl)pyridine. No appre- that l-(4'-nitrophenyl)-2-(a-pyridyl)ethanol (1) is an
ciable amount of p-nitrobenzaldiacetate could be iso- intermediate and that acetic acid and anhydride act as
lated, but the diacetate was formed on the addition of dehydrating agents. Heating a mixture of 2-picoline
sulfuric acid, as will be stated later. In the absence of an(t p-nitrobenzaldehyde in N,N-dimethylformamide
acetic anhydride or acetic acid the condensation failed. or dimethyl sulfoxide in the presence of acetic acid gave
2-(4'-Nitrostyryl)pyridine in a methanolic solution * (18%) but not 2-(4'-nitrostyryl)pyridine. Its uv
(10“6 M ) showed rapid trans-cis photoisomerization spectrum shows a resemblance to that of 2-picoline.
(Xmax 338 mp 323 mp for 6 hr), which was avoided by A broad OH band at 3100 cm“ 1 in its ir spectrum sug-
interception of a diluted sample solution from light gests a chelation as shown in 1. l-(4 ,-Nitrophenyl)-2-
until the uv measurement (see Experimental Section). (a-pyridyl)ethanol (1) was converted readily to 2 - (4 - 

Rate Law.—-The reaction in acetic anhydride shows 
a S-shaped conversion curve, suggesting an autocatal- | |
ysis. An apparent induction period is 1-2 hr as shown
in Figure 1. In xylene as a solvent, the rate increased \ \
with an increasing amount of added acetic anhydride
without disappearance of the apparent induction pe- \ ^
riod. On addition of acetic acid the rate of reaction in \ /
acetic anhydride increased with increasing initial con- \ = /

(4) (a) B . S. Shaw and E . A. Wagstaff, J .  Chem. Soc., 77 (1933); (b) J .  L.
Williams, R . E . Adel, J .  M . Carlson, G. A. Reynolds, D. G. Borden, and J . A. 1
Ford, Jr ., J .  Org. Chem., 28, 387 (1963); (c) W. Baker, K . M. Buggle, J .  F .

RoyeT̂ rî d.6'1803 (1949) M’ WatIdns’ J ' 'S°C" “  (1958,: (d) R' nitrostyryl)pyridine (64 and 58%  at 2 hr by heating at
(5) (a) g . Langer, Ber., ss, 3704 (1905); (b) k . Katsumoto, Bull. chem . 115° in acetic acid and acetic anhydride, respectively),

Soc. Ja p .,  33, 242 (1960); (c) w . h . Mills and j .  l . b . Smith, j .  chem . but neither p-nitrobenzaldehyde nor 2-picoline was
&(6)T M7a2t4suo92and k . Onishi, Meeting of Tokai Branch of chem ical obtained. This is evidence that 1 is an intermediate.
Society of Japan, Nagoya, 1968. It has been reported that 1 is a main product at 130-
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Figure 2.— Conversion curves for the reaction of 2-picoline Figure 3.—Effect of carboxylic acids on the conversion of 2- 
with p-mtrobenzaldehyde at 135° in N,N-dimethylformamide pi coline to 2-styrylpyridine in acetic anhydride at 135°. Initial
in the presence of (A) 1.730 M  of acetic anhydride; (B) 1.030 M  concentration: carboxylic acid, 0.585 M ; p-nitrobenzaldehyde,
of acetic acid; (C) 1.030 M  of acetic acid at first and on further 1.177 M ; 2-pico'.ine, 1.177 M , (A) CICH3CO2H, (B ) PhCCbH
addition of 1.730 M  of acetic anhydride after 5 hr. Initial con- (C) CH3CO2H, (D ) no carboxylic acid,
centration: p-nitrobenzaldehyde, 0.779 M ; 2-picoline, 2.381 M.

A weak base catalysis was observed, since the yield of 
150° in the presence of water and that 1 is converted in a uuxture olefin and intermediate alcohol was only
part to 2-picoline and aromatic aldehyde by heating in below 10% with potassium hydroxide (3.5% ), tributyl-
the presence of water at 140-200°. Therefore, the amine (9-6%)> or potassium acetate (1%) for the at-
formation of 1 is reversible.4b The rate of dehydration tempted condensation of 2-picoline with benzaldehyde
of the intermediate alcohol (1) is much faster than that by refluxing for 100 hr. These observations suggest
of decomposition at least in acetic anhydride or acetic that the conjugate base of 2-picoline, 2, is not important
acid. The conversion curves for the formation of 2- as a reactive species for the condensation in acetic anhy-
(4'-nitrostyryl) pyridine in N,N-dimethylformamide are ^ride.
shown in Figure 2. Although the formation of 2-
(4'-nitrostyryl)pyridine proceeds smoothly in the pres- f  |
ence of excess acetic anhydride (curve A in Figure 2), w '^ C H 2
the reaction is very slow in the presence of acetic acid 2
(curve B in Figure 2). On addition of acetic anhydride
to the latter system, represented by curve B after 5 hr, The Mechanism.-—The observed facts are sum-
2-(4,-nitrostyryl)pyridine is formed rapidly (curve C in marized as follows, (i) The condensation in acetic
Figure 2) to the corresponding conversion in the former anhydride was overall third order; i.e., v -  k [2-picoline]
system (A). The higher rate in C than that in A sug- [p-nitrobenzaldehyde][acetic acid], (ii) Only a little
gests accumulation of a considerable amount of the base catalysis was observed, (iii) The condensation
intermediate alcohol 1 in B in agreement with the isola- proceeds via l-(4'-nitrophenyl)-2-(a-pyridyl)ethanol
tion of 1 from system B. As 1 is formed either in the (1) (or its acetate), (iv) The elimination of inter­
presence of acetic acid or acetic anhydride, the rate of mediate 1 to 2-(4,-nitrostyryl)pyridine was faster with
formation of 2-(4,-nitrostyryl)pyridine is controlled by acetic anhydride than with acetic acid. These facts
the dehydration (or elimination) step of 1 at least in 
N,N-dimethylformamide in the absence of acetic an-
hydride. The superior ability of acetic anhydride to 1  ̂ Jl ^  [  + Jl _ [I 1  (2)
that of acetic acid suggests that the formation of 2- N^ X CH, N CH2 N CH2
(4'-nitrostyryl)pyridine from 1 proceeds not by a sim- L 3 J
pie dehydration but via acetate, followed by elimination 
of acetic acid.

Acid Catalysis.—Acetic acid and some other car- 3 + ArC H = 0  ■ • ■ HOAc J| ^  +  AcOH
boxylic acids show catalysis in acetic anhydride (Fig- N CH2— CHAr
ure 3). The order of catalytic power is in the order of I
acidity, i.e., C1CH2C 0 2H >  PhC 02H >  CH3C 0 2H. l U

However, the reaction stopped at ca. 40%  conversion 
on addition of hydrochloric acid instead of carboxylic 
acid; little olefin, together with a large amount of p- 
nitrobenzaldiacetate, was obtained with sulfuric acid. 1 + *"
p-Nitrobenzaldiacetate was obtained in a 66%  yield ’C J
with hydrochloric acid in a reaction system without r 1

2-picoline. Accordingly, for the reaction with mineral f  I _AcQH> f  II (4)
acids in acetic anhydride, the suppression of the olefin ^N'^X CH2— CHAr ri CH=CHAr
formation is due to a side reaction, i.e., the rapid for- I
mation of unreactive p-nitrobenzaldiacetate. b 0Ac -
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and the observation described below suggest the pre- In view of the observed acid catalysis and weakness 
ceeding mechanism as the most probable one. of base catalysis, the participation of the conjugate

The rate-determining step is the formation of inter- base of 2-picoline (2) is less plausible; the methyl group 
mediate alcohol 1 (addition step), since the dehydration of 2-picoline is not so acidic as to transfer its proton to an
of 1 was rapid in acetic anhydride and the rate showed ordinary base. The probable reactive species may be
first-order dependence on acetic acid but not on acetic 3. An intermediate similar to 3 has been reported in
anhydride, whereas acetic anhydride in N,N-dimethyl- base-catalyzed condensation of picoline methiodide and
formamide was more efficient than acetic acid as a picoline N-oxide and in the hydrogen-deuterium ex-
dehydrating agent. The fact that p-nitrobenzalde- change at methyl group of quinaldine with deuterated
hyde reacts much faster than unsubstituted benzalde- alcohols.12 Moreover, it has been reported that 1-meth-
hyde supports the rate-determining attack of 3 on yl-2-methylene-l,2-dihydroquinoline (10) is isolated.13
benzaldehyde. For the specific acid-catalyzed conden-
sation of substituted benzaldehydes with acetophenone \ y f  [
a small negative p value of —0.25 has been reported,7
while for the general acid catalyzed condensation of |
substituted acetophenones with semicarbazide a posi- CH3
tive p value of + 0 .91  has been reported.8 , Hence, the 10
present mechanism involving association between benz- intermediate alcohols are obtained even in the absence
aldehyde and the general acid catalyst prior to the 0f aclc[ catalyst in water for the condensation of benzal-
rate-determining step is acceptable. The acceleration dehydes with 2-picoline,4a while intermediate alcohols
by electron-withdrawing substituents in benzaldehyde (adducts) were obtained without an acid catalyst in a
has been reported for the zinc chloride catalyzed con- reaction with neat quinaldine, where an uncatalyzed
densation of substituted benzaldehydes with 2-picoline reaction has been observed by kinetic study in acetic
in dimethyl sulfoxide (p =  1.2)6 and for the condensa- anhydride.14 These facts support the participation of 3
tion in acetic anhydride. 4>6a Conversely, the elimina- as a reactive species.
tion of 1-phenylethyl chloride (p+ = —1.36)9 and ace- Since eq 2 does not require the acetic acid catalysis, 
tate (p+ =  —0.64)10 and l-aryl-2-phenylethanol (p+ =  the first-order dependence of the rate on acetic acid
—3.9)11 is retarded by an electron-withdrawing sub- suggests that acetic acid acts as shown in 4. Thecatal-
stituent. ysis is more effective with stronger carboxylic acids,

An alternative possibility of the intermediacy of i  e > C1CH2C 0 2H >  PhC 02H >  CH3C 0 2H.
5, 6, 7, 8, or 9 might be implied in view of the rate equa- The formation of intermediate 1 is reversible, because 
tion, but they are less plausible because of the following j is known to produce the parent aldehyde and 2-picol-
reasons. (i) The observed kinetics is not first order in jne j-,y heating at 200°.4a Dehydration of 1 proceeds
acetic anhydride (excluding 5). (ii) 4-Picoline, which probably via its acetate, since (i) acetic anhydride was
cannot have such a cyclic mechanism, reacts more rap- more effective than acetic acid in N,N-dimethylfor-
ldly than 2-picoline (excluding 5 and 6). (iii) The mamide (in Figure 2), and (ii) an acyloxy group is a
condensation of 4-picoline was also promoted by acetic better leaving group than a hydroxy group.16a 2-
acid (excluding 5 and 6). (iv) No general base cata- Styrylquinoline is also known to be formed through the
lyzed addition of the saturated C—H bond to the C = 0  acetate intermediate 16
group for aldol-type reactions has been reported (ex- Xanthates (the Chugaev reaction) and carboxylate 
eluding 7 and 8). (v) No four-centered mechanism esters are known to undergo cis elimination,1613 and this
with saturated C H bond has been reported (exclud- may ^e applied to this case. Consideration of the

sterie course of the elimination implies that the pre-a a  dominant product would be trans olefin in view of the
sterie requirement for the transition state and this is 

pit the case.

Y (|'H*

H ?  Experimental Section
v  CH2 o  o  S + S m __h -r
! I C '-'“ 2 11 a  Materials.— Benzaldehyde and 2-picoline were purified by

| distillation under nitrogen atmosphere; boiling points were 87.0°
CH3 (41.5 mm) and 49.8° (40.3 mm), respectively. p-Nitrobenz-

5 6 7 aldehyde was prepared from p-nitrotoluene,17 mp 105-106°
(lit.17 106°). Ordinary purification was applied to acetic acid,

a  a  bp 108°, and acetic anhydride, bp 140°.
Products. 2-Styrylpyridine.— A mixture of 2-picoline (0.33  

CH CAr mol), benzaldehyde (0.33 mol), and acetic anhydride (190 ml)

+  A r C ^  I I  I II (11) G. M. London and D. S. Noyce, ibid , 91, 1433 (1969).
q j j __H---B 1121 W  ‘4 ' Shatenshtein, Advan. Phys. Org. Chem,., 1, 169 (1963). (b)

2 H  O A. I. Shatenahtein and E . N. Zuyagintseva, Dokl. Akad. N auk SSSR,
8 9 117, 852 (1957).

(13) (a) E . Rosenhauer, H. Hoffmann, and H, Unger, Ber., 59B, 946 
B =  base (1926); (b) F . W. Bergstrom, Chem. Rev., 36, 77 (1944).

--------------------------------------------------------------------------------------------------------------------------------  (14) Unpublished data.
(7) D. S. Noyce and W. A, Pryor, J .  Amer. Chem. Soc., 81, 618 (1959). (15) E . S. Gould, “Structure and Mechanism in Organic Chemistry,”
(8) (a) R . P. Cross and P. Fugassi, ibid., 71, 22 (1949); (b) Y . Ogata, Henry Holt Co., New York, N Y ., 1959; (a )p 2 6 1 : (b) p 500.

A. Kawasaki, and N. Okumura, K agaku Kagaku, 21, 63 (1966). (16) A. F . Walton, R. S. Tipson, and L. H. Cretcher, ./. Amer. Chem. Soc.,
(9) M. R . Bridge, J .  Chem. Soc., B , 80S (1968). 67, 1531 (1945).
(10) R . Taylor, G. G. Smith, and W. H. Wetzel, J .  Amer. Chem. Soc., 84, (17) S. U. Liebeman and R . Connor, “Organic Syntheses," Coll. Vol. II ,

4817 (1962). John Wiley & Sons, Inc., New York, N. Y ., 1943, p 441.
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was refluxed at 140° for 30 hr. The mixture was steam distilled two-necked flask furnished with a Dimroth condenser, at 135°.
and the distillate was made alkaline by aqueous NaOH to give Aliquots were taken out at appropriate intervals of time, diluted
precipitate of 2-styrylpyridine, which was recrystallized from with methanol, and kept standing in a test tube covered with
aqueous ethanol: 10 g (18.1% ), mp 90.0-90 .5° (lit.4a 90 .0 -9 1 .0 °). aluminum foil in the dark; extinctions at 338 nui were deter-

2-(4'-Nitrostyryl)pyridme.— A mixture of p-nitrobenzaldehyde mined. The third-order rate constant, k3, in eq 1 was calculated
(0.033 mol), 2-picoline (0.051 mol), and acetic anhydride (0.053 by the following equation, fc3 =  2 .303A /(2a +  c)(2b +  c)(a
mol) was refluxed for 10 hr and further heated without the — 6 ), if a  5*  b, where A is the slope in a plot of [(25 +  c) log
reflux condenser for 30 min to remove any acetic acid, which (a — x) +  (a +  c) log (5 — x) +  2(a — 6 ) log (c +  2x)} vs. time,
was produced, 2-picoline, and acetic anhydride. The filtered or fc3 =  B /{2 a  +  c)2, if a  = 5, where B  is a slope in a plot of
product was washed with water ar_d recrystallized from aqueous [ — 2 In (a — x) +  (2a +  c ) /(a  — x) +  2x In (5 +  2x)] vs. time,
ethanol, yielding yellow crystals (81 .5% ): mp 134-135° (lit. a, 5, c, and x are defined in eq 1 . The third-order plot showed a
126°,18 136°,4a 142°19); ir (K Br disk) 960 ~  970 cm “1 (char- good linearity except at an early stage of the reaction at low con-
acteristic to trans -C H = C H - group); uv Xmax (MeOH) 338 m^ centration of acetic acid (c ~ 0 ) .
(log e 4.50), Xmax (protonated by 1 or 2 drops of concentrated Intermediate Criterion. 1-(4'-Nitrophenyl)-2-(a-pyridyl)eth-
HC1 in a methanolic solution) 340 m/i (log e 4.50) [lit.4b 355 m^ anol (1).— A mixture of p-nitrobenzaldehyde (1 g), 2-picoline
(log e 4.48) in M eOH]. (2 ml), acetic acid (0.5 ml), and N,N-dimethylformamide or

Effect of Light on irans-cis  Isomerization of irans-2-(4'-Nitro- dimethyl sulfoxide (5 ml) was heated at 135° for 4-5  hr. The
styryl)pyridine.— It is known that irradiation causes the trans-cis  reaction mixture was poured into water, made alkaline by aque-
isomerization20 of 2-styrylpyridine derivatives under nitrogen ous NaOH, and precipitated. The precipitate was dissolved in
atmosphere, and also dimerization20’21 and cyclization22 via the benzene, treated with saturated N aH S03 to remove aldehyde,
trans-cis isomerization in the presence of oxygen. We also ob- and dried (Na2S 0 4), and the solvent was evaporated. The resi-
served that 2-(4'-nitrostyryl)pyridine suffered trans-cis  photo- due was recrystallized from aqueous methanol, giving yellow
isomerization in methanol or dioxane (10“6 M ) by standing in the crystals (18% ), mp 154-160°. The uv spectrum showed a strong
diffused light in a room. The change in its uv spectra is listed resemblance to that of 2-picoline; ir spectrum (K Br) 3140
in Table II . Irrespective of the presence or absence of oxygen (OH- • -N chelation as shown in 1), 2920, 2850, 1465 (CH2), 1094
the photoisomerization which disturbs the precise rate measure- cm “1 (a-phenyl OH).
ment was avoided by the interception of light with aluminum Dehydration of l-(4'-Nitrophenyl)-2-(a-pyridyl)ethanol (1) in
foil. Acetic Acid or in Acetic Anhydride.— 1 (10 mg) in acetic acid (1

TT ml) or acetic anhydride (1 ml) was heated at 115° for 2 hr. The
able 11 reaction mixture was made alkaline with aqueous NaOH, the

E ffect  of Diffused  L ight in a R oom on products being filtered and dried (Na2S 0 4). The yield was 64%
cis-trans I somerization of 2-(4'-N itrostyryl)pyridine (in acetic acid) and 58%  (in acetic anhydride): mp 133-133.5°;

At the moment Interception from Standing in diffused UV Xmax (MeOH) 338 m^; ir (K Br disk) 960-970 cm “1 (trans
of dilution, light (after 6 hr), light (after 6 hr), -C H = C H -) . The product was irans-2-(4'-nitrostyryl)pyridine

Solvent Xmax (log a) Xmax (log e) Xmax (log i) alone.
Methanol 3 3 8 (4 .5 2 ) 3 3 8 (4 .5 4 ) 323 (4 .20 ) Attempted Condensation of 2-Picoline with Benzaldehyde by a
Dioxane 3 4 5 (4 .4 1 ) 3 4 4 (4 .4 3 ) 3 3 0 (4 .0 7 ) Basic Catalyst.— A mixture of 2-picoline (0.1 mol), benzaldehyde

(0.1 mol), and tri-n-butylamine (0.01 mol) was refluxed for 100
Rate Measurement.— The rate of reaction was measured by h r- The m ature, after being treated with water, was extracted

following the extinction at 338 mu (log e 4.50) of trans-2-(4 '- w'th benzene. The benzene solution was treated with aqueous
nitrostyryl)pyridine. The reaction was carried out in a 100-ml HCI and the aqueous layer was neutralized with K 2C 0 3 to give
-------------------  precipitate of a mixture of 2-styrylpyridme and 1-phenyl-2-(a-

(18) K. Feist, Ber., 34,465 (1901). pyridyl)ethanol, 1.7 g (9 .2% ).
(19) L. Horwitz, J .  Org. Chem., 21, 1038 (1956).
(20) j . l . r . williams, s. k . Webster, and j . a . Van Aiien, ibid., 26, Registry No.—2-Picoline, 109-06-8; acetic anhydride,

48(231)19J6 Li R. Wiliams, ibid., 26,1839 (196« .  1 0 8 -2 4 -7 ; p -n itro b en zy ld eh yd e, 5 5 5 -1 6 -8 ; 1, 2 0 1 5 1 -0 1 -3 ;
(22) c .  e . Loader and j . t . Timmons, j . Chem. Soe., c ,  1078 (1966). ¿ r a n s - 2 - ( 4 ' - n i t r o s t y r y l ) p y r i d m e ,  2 4 4 7 0 - 0 6 - 2 .

Acid-Catalyzed Decarboxylation of Glycidic Acids. “ Abnorm al”  Products

S .  P .  S i n g h  a n d  J a c q u e s  K a g a n 1

Chemistry Department, University o f  Illinois at Chicago Circle, Chicago, Illinois 60680

Received February 17, 1970

The acid-catalyzed decarboxylation of a-phenylglycidic acids yields carbonyl compounds in which the car­
bonyl is at the original ¡3 carbon of the starting material, and the accepted concerted mechanism for the decarboxyl­
ation of glycidic acids must therefore be revised. Consideration of the energy of the two carbonium ions formed 
by isomerization of the oxirane-protonated species explains the “normal” as well as the “abnormal” behavior of 
the glycidic acids. The energy of a benzylic carbonium ion adjacent to a carboxyl group is lower than that of a 
primary or secondary /3-alkyl carbonium ion, but is comparable with that of a tertiary /3-alkyl carbonium ion 
since 9 yielded the “normal” as well as the “abnormal” product (11). This latter conversion represents the first 
example of group migration in the decarboxylation of glycidic acids.

A classical preparative method for aldehydes and bonyl in the final product has always been found at the
ketones utilizes sodium glycidates prepared by Darzens carbon atom bearing the carboxyl in the starting mate-
synthesis,2 followed by Claisen saponification. De- rial. The accepted mechanism for the reaction4'6
carboxylation and epoxide ring opening take place involves a concerted process in which decarboxylation
after acid treatment, usually in the presence of heat. and epoxide ring opening occur simultaneously, yielding
The method has been particularly reliable since no an enol which finally ketonizes. The reacting species
group migration has ever been detected,3 and the ear-

(4) H. o. House, "Modern Synthetic Reactions,” W. A. Benjamin, Inc.,
(1) To whom inquiries should be directed. New York, N. Y ., 1965, p 242.
(2) M. S. Newman and B. J .  Magerlein, Org. R ead., 6, 413 (1951). (6) R . C. Fuson, "Chemistry of the Carbonyl Group, S. Patai, Ed.,
(3) H. H. Morris and M. L. Lusth, J .  Amer. Chem. Soc., 76, 1237 (1954). Interscience Publishers, Inc., 1966, New York, N. Y ., p 211.
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is often pictured as a glycidic acid (1) which decarboxyl- H
ates in a cyclic process, although such a species cannot P , / \
be distinguished kinetically from the oxirane-protonated J  \ n r,n -  _\ rnn-  „i • -i • i , ~ R CHa C C tUU CrLj  ̂ y
sodium glycidate 2. 1 I I I

H C6H5 H C6H5

f  N  3  £5" 3 OH
fo u  ( %  1 1 +B, > V / - 0  o, B . \ V V / - 0  ^  CHS C C COO

/ C — CN / — C\ D H C6H5
R;> ^  R;1 H 's i i i f t y  4  \ ^ H + loss

K , /OH Rk || H?  i  ,0/ HO .COO-
C02 + C=C —► C— C— R3 CH c  c /C=C

R /  X Rs R / l  + V  %  H3C/  X C6H5
H C6H5 v  5

Perhaps the only report in the literature which con- -co2 X. j  H+
flicts with the above mechanism is that of the thermal
decomposition of dihydro-a-picrotoxininic acid.7 HO. M  _co__ || COOH
Since there is no assurance that the same mechanism U=C ■*— —  CH3— C— C
prevails for the decarboxylation under acid-catalyzed H fi/ ' \ ; 6h_ iryH s
and thermal conditions, we will limit the present dis- , H
cussion to the acid-catalyzed decarboxylation reactions J f  6
of glycidic acids. 0

Electrostatic repulsion of like charges usually pro- II
hibits the formation of a carbonium ion adjacent to a CHs c  Cf*2 CsHs 
carbonyl group,8 but the energy barrier is significantly 7
lowered when the carbonium ion is stabilized by reso- product 7 should have one hydrogen and one deu-
nance, and we have recently reported9 our observations terium at the methylene position, in the absence of
concerning the acid-catalyzed isomerization of a-phe- further exchange via acid-catalyzed enolization. If
nylglycidic esters which yield /3-keto esters instead of the enol 5 is the intermediate, two deuterium atoms
the usual a-keto esters.10a We have extended our study must be present at the methylene position in the prod-
to the corresponding glycidic acids, and we now wish to uct 7 The reaction was carried out to low conversion
report the first examples of “abnormal” decarboxylation (1Q min reflux)j and we observed that 7 contained two
of glycidic acids in aqueous solution. These were deuterium atoms at the methylene position, whereas it
found in the sodium a-phenylglycidate series, which is still contained 0.45 and 0.75 hydrogen in control experi-
not accessible through the Darzens synthesis.I0b _ _ ments with 6 and 7, respectively.

Acid-Catalyzed Decomposition of a-Phenylglycidic The “abnormal” reaction was also observed in the 
Acids. In a typical experiment, sodium a-phenyl-/3- acj;d treatment of the congeners of 5 having either no
methylgJycidate (3, was obtained from ethyl a-phenyl- substituent (8) or two alkyl substituents (9) at the
crotonate by epoxidation followed by saponification. /? position
The nmr spectrum indicated that there was obtained
only one crystalline isomer, of undetermined stereo- H P \  COO-
chemistry. It was acidified and refluxed in water for *  C6H5CH2CHO
2 hr, and the nmr and gc-mass spectral analyses of a y/  n'c6h5
carbon tetrachloride extract revealed that phenylace- 8
tone 7 was the sole neutral reaction product. ^

We explain this result in terms of the decomposition CH3 /  \ COO-
of the protonated glycidic acid (or its salt) to the reso- ___ q
nance-stabilized benzylic ion 4. This protonation is CH,^ ^CeHj 
probably taking place intermolecularly at low pH, but 9
an intramolecular process cannot be completely ruled 0 0
out at this time. Conversion of 4 to the /3-keto acid 6, Cv 2 || ||
which yields 7 by decarboxylation, or to the enolic form CHC— C6H5 + CH3C— CH— C6H5
of 7 could occur either through a hydride shift giving CH3 I
the oxygen-protonated form of 6 or through a proton
loss yielding the enol 5. We proved this latter mech- 11
anism to be correct by carrying out the decomposition In the case 0f 8 the alternative to the benzylic car- 
m deuterium oxide. If a hydride shift had occurred, bonium ion intermediate is a very unfav0rable primary

(6) v. j . shiner, jr„ and b . Martin, j . Amer. chem. Soc., 84, 4824 (1962). carbonium ion and, predictably, phenylacetaldehyde
(7) h. Conroy, >6»d , 79 1726 (1957). was the only neutral decarboxylation product. The

Press, ithaca, n. Y„ 1948, p 199. decarboxylation of 9, however, yielded two neutral
(9) s. p. Singh and j. Kagan, j . Amer. chem. Soc., 9i, 6198 (1969). products, 10 and 11, in the ratio 4:1, and the conversion
(10) (a) H. 0. House, J. W. Blaker, and D. A. Madden, ibid., 80, 6386 of 9 to 11 renrPSents thp first PXflmnlp of BTOUD mioTa-(1958), and references cited therein; (b) H. H. Morris, R. H. Young, Jr., . V 11 represents tne nrSt example 01 group mlgra

c. Hess, and t . Sottery, aid., 79, 411 (1957). tion in the decarboxylation of glycidic acids. Our
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S c h e m e  I

A c id -C a t a l y z e d  D e c a r b o x y l a t io n  o p  G l y c id ic  A c id s

n A  + \ A
) c -----C— COO" + H+ *=* /C ----- C— COOH

r t  I r 2 I
R3 R3

OH
r n  1

Y —C— COOH
„  R / |  |

h2o K2 OH R,

H +

R i \  /  \  R i \ +  A \  II - c o 2 R i \  / 0 H  R i \  ||
V — c — c o o -  ; c ^ c — c — 0“  — -  ; c = c  * = *  c h — c — r 3

K  1  r /  1  R /  x R3 V
"normal"product

J!
R' \ l H .  _ 1 o -

■r/  I +  I X 2
Ks R, \

| r 2= h  I I  =?=* II / Rz
+ n p H+ R,— C=C— R3 Ri— C— CH

9H R3 \\ t  - X  ^
I ! _ *=* R,— C— C—COO „ , , ,Rl— C=C— COO | "abnormal product

H

findings also indicate that a tertiary benzylic carbonium ¿-butyl ester.16 In order to illustrate the point, we have
ion destabilized by an adjacent carboxyl group is fav- compared the extent of decarboxylation of /J-methyl-
ored over a primary or a secondary aliphatic /3-car- and d-pheny] glycidic acids under identical conditions
bonium ion, and that its stability is comparable to that and found that none had taken place in the former when
of a tertiary aliphatic /3-carbonium ion. These results ca. 35%  of the latter had already decarboxylated.
are in complete agreement with those described by (2) Among aliphatic acids, the least substituted 
House and his collaborators in the epoxy ketone ser- ones decarboxylate the most reluctantly. For in- 
ies.u stance, glycidic acid itself does not decarboxylate at

Mechanism of Decarboxylation of Glycidic Acids.— all.17 In the most substituted ones, furthermore, the
The results which we have described argue in favor of a carbonium ion species need not become neutralized
carbonium ion intermediate formed by isomerization via decarboxylation, but, instead, proton loss may occur,
of the initially oxirane-protonated glycidic acid or of its Thus, Johnson, et a l.,u  observed that 12 (R =  H or
salt. Furthermore, we believe that the simple con- CH3) yielded mainly the unsaturated hydroxy acid 13
sideration of carbonium ion stability satisfactorily ex- in addition to some normal product (14). 
plains these three aspects of the behavior of glycidic acids
in acidic solution. COCT h+

(I)  Arom atic glycidic acids decarboxylate more f  j  | — *-
easily than aliphatic ones. Although no com parative R
rate study has been described, the published data12 as 12
well as our own experience indicate little difficulty in OH OH
decarboxylating arom atic glycidic acids. In  contrast, r ^ ' C __ C_COO-  ~C° J 1 N ^ C = C
the decarboxylation of the aliphatic acids has often i J | 1 1 \
been reported to be quite difficult and has required the ^  R
elaboration of alternate procedures, such as the pre- |-h+ I
liminary conversion into the chlorohydrin13'14 or the +
pyrolysis of the isolated acid,15 its sodium salt,13 or its 7 H 9

r s - i - cooH r ' a i- ! U(I I )  H. O. House, D. J .  Reif, and R  L. Wasson, J .  Amer. Chem. Soc., I J] j 1
79, 2490 (1957); H. O. House and D. J . Reif, ibid., 79, 6491 (1957); and R
previous papers in this series. 1 -

(12) C. F . H. Allen and J .  van Allan, “in Organic Syntheses,” Coll. Vol. I l l ,  13
E . C. Horning, Ed., John Wiley and Sons, Inc., New York, N. Y ., 1955, p
733- (3) In  cases where decarboxylation does not take

(13) W. A. Yarnall and E . S. Wallis, J .  Org. Chem., 4, 270 (1939). ,  w  . . .  ,  ,  . ,  l ■ u  i.*  L  „ „  r r
(14) w. s. Johnson, j . c. Beiew, l . j . Chinn, and r . h . Hunt, j . Amer. place readily (which we explain by the high energy of

Chem. Soc., 78, 4995 (1953).
(15) H. H. Morris and R . H. Young, Jr ., ibid., 77, 6678 (1955), and ref- (16) E . P. Blanchard, Jr ., and G. Buchi, ibid., 88 , 955 (1963).

erences cited therein. (17) P. Melikoff, Chem. Ber., 13, 271 (1880).
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th e  req u ired  carb on iu m  ion s), th e  com p etin g  a t ta c k  of CHC13 at reflux for 15-20 hr. The solution was cooled, ex- 
M, , . . , j. , i • traeted with 5 % aqueous bicarbonate, dried, and concentrated,

th e  p ro to n a te d  ep o xy  acid  fo rm  b y  nucleop  e , yp  -  The regidue was puriged by silica gel column chromatography.
cally water or the anion from the mineral acid, predomi- Saponification of the ethyl glycidates was performed according
nates. Glycidic acid, for example, is easily hydrated to to Claisen22 with 1 equiv of sodium ethoxide and of water. After
glyceric acid17 or converted to chlorolactic acid in pres- standing overnight, the solid was filtered, washed thoroughly with
ence of HC1.18 Application of this criterion to the ether, and dried. No attempt was made to maximize the yield
, , . /  , , , . , .  . ,  . ,, of decarboxylation products. Identical products were obtained

decarboxylation of phenylglycidic acids supports the using either hydrochloric or sulfuric, acids.
co n ce p t t h a t  a  b enzylic carb on iu m  ion in  th e  a -p h e n y l Sodium a-Phenylglycidate (8).— The ethyl ester was prepared 
series h as a  h igh er en erg y  th a n  in th e  /3-phenyl series. from ethyl atropate23 in 90%  yield: nmr (CC14) phenyl at 7.20
In  th e  fo rm er, d e ca rb o x y la tio n  a cco u n te d  fo r on ly  ca . (5 H, br), epoxide protons at 3.22 and 2.70 (each a d, J  =  7

1 0 % , w hile g ly ceric  acids, s ta b le  in th e  e x p erim en tal F 7 g“ ?  (D M S O -S ^ M  (5 h X ) ,  3 .i t
con d ition s, w ere  th e  m a jo r p ro d u cts  Oi th e  re a c tio n ; m  an(j 2,75  (each a d, J  — 6 H z). Recrystallization from ethanol
th e  la t te r ,  no ap p reciab le  fo rm atio n  of g ly ceric  acid  to o k  gave needles which sintered at 260° but did not melt up to 300°.
p lace  u n d er th e  sam e con ditions. A nal. Calcd for C9H70aNa: 0 ,  58.06; H, 3.76. Found: C,

In  th e ir  carefu l k in etic  s tu d y 6 of th e  d e ca rb o x y la tio n  58.06; H, 3.95.

of /3-phenyl-/3-m ethylglycidlC  acid  m  th e  p H  ran g e  of prepared as a mixture of isomers from ethyl <x-phenylcrotonate24
4 - 5 .5 ,  S h in er an d  M a rtin  con clu ded  th a t  th e  re a c tio n  (itseif a mixture of isomers) in 78%  yield: nmr (CC14) phenyl
in volv ed  a  sim ple d ecom p osition  of a  free ep o x y  acid  at 7.25 (br, 5 H ), epoxide proton at 3.5 and 3.0 (each a q,
(in a  cy c lic  fashion  as p rop osed  b y  A rn o ld 19) o r a n  total of 1 H , J  =  6 Hz), OCH2-  at 4.20 (m, 2 H ), and methyls

a c id -ca ta ly z e d  d eco m p ositio n  of th e  an ion  of th e  acid . ^  6 n f T '  m  O l T s o l b r  5J  f  , , ,i , of a single crystalline isomer of 3: nmr (JL>2U) 7.30 (br, o 11),
T h e y  also  s ta te d  th a t  th e  difference b etw een  th e  tw o  3 40 (q> j  =  6 Hz>,  H ) and 0.94  (d, 3 H , J  =  6 H z). Recrystal-
m ech an ism s w as p ro b ab ly  m ore  se m a n tic  th a n  real. lization from ethanol gave needles, mp 292-293° dec. A n al.
W e  believe, h ow ever, th a t  th e  p rocesses a re  en ergeti- Calcd for Ci0H 9O3N a: C, 60.00; H , 4 .50. Found: C, 60.01;
ca lly  different since in sp ectio n  of th e  m odels in d icates  H ’ 4 -?.5 - _  , „ .. . . . . . . .  . T7,, , ,. ,, ,
t h a t  an  a p p reciab le  s t a i n  is req u ired  in th e  in tra m o le c-
u la r  p ro to n a tio n  re a ctio n . A lth o u g h  a  m o re  co m p lete  5 H ), 4.2 (q, 2 H ) and 1.22 (tr, 3 H ), 1.4 and 1.0 (each a s, 
discussion  w ill h a v e  to  aw a it ad d itio n al k in etic  d a ta , 3 H ). Saponification of 2.2 g of ester yielded 1.2 g of 9: nmr
esp ecially  fo r th e  fo rm atio n  of th e  “ a b n o rm a l” p ro d - (DsO) 7.40 (br, 5 H ), 1.48 (s, 3 H ) and 1.10 (s, 3 H ). Recrystal-
u cts , ou r p ro d u ct an alysis  illu stra te s  th e  fa c t  th a t  th e  j i f f ™  fr° mTTet“, \  i £ , j  , qi Calcd for CiiH n03N a: C, 61.68; H , d.14. bound: C, 61.86;
d e ca rb o x y la tio n  m ecn an ism  fo rm u lated  by e itn e r pj ^ gg
Arnold or Shiner and M artin  does not have a  general Decarboxylation of Sodium a-Phenylglycidate.— A solution 
applicability. of 0.5 g of 8 in 10 ml of water was acidified to Congo red with 0.2

Using Shiner and M artin ’s findings6 th at only one ml of concentrated H 2SG4, refluxed for 10 min, cooled, and ex-
. . i • tt i • n traded  with 20 ml of CCL. The organic layer was dried overproton was required m the pH range which they MgS0< ^  wag concentra, ed to yiefd 30 myg (9%) of phenyl_

in v e stig a te d , a  gen eral m ech an ism  a cco u n tin g  to r  b oth  acetaldehyde: nmr (CC14) 7.20 (s, 5 H ), 9.60 (tr, J  =  2.5 Hz,
th e  “ n o rm a l” an d  “ a b n o rm a l” d e ca rb o x y la tio n  p ro d - i H ), 3.60 (d, 2 H, J  =  2.5 H z); gc-mass spectrum identical 
u cts  is ou tlin ed  in  S ch em e I. T h e  a c tu a l cou rse with an authentic sample (major peaks at m/e 120, 92, and 91).
follow ed b y  a  given  gly cid ic  acid  will depend p rim a rily  aqueous layer was further extracted thoroughly with ether,

,, , , . , . A  , , i which was dried and concentrated to yield 350 mg (72% ) ot a -
on th e  en erg y  relationship  betw een  th e  p ro to n a te d  phenylglyceric acid> mp 147_ 148o (Bt>  mp i 49»). The ethyl
epoxide and the isomeric carbonium ions.20 Secondary ester was prepared by ethanol-H2S 0 4 treatment of the previous
factors, however, such as the energy of the enol inter- sample: nmr (DMSO-d6) phenyl at 7.30 (br, 5 H ), a-OH at
mediate, are undoubtedly significant in determining the 5 -60 (s>1 H), /3-OH at 4.92 (d of d, 1 H), p protons at 4.10 and
ovtout nf f t p  rpnetinn 3 -55 (each a d of d, 1 H, with J gem =  11 and J vic =  5 Hz), ester
extent 01 tne reaction . . . at 4.20 (q, 2 H ) and 1.15 (tr, 3 H ). Upon addition of D20 ,  the

A  d etailed  p rob e OI th e  re a c tio n  m ech an ism  is in  signals at 5.60 and 4.92 disappeared, and those at 4.10  and 3.55
p rog ress an d  w ill be described  la te r . became doublets, J  =  11 Hz.

Decarboxylation of Sodium <*-Phenyl-/3-methylglycidate.—  
A solution of 250 mg of 3 in 10 ml of water was acidified with 

Experim ental Section HC1 (congo red), refluxed for 2 hr, cooled, and extracted with
CC14. The extract was concentrated to yield 25 mg (15% ) of 

The nmr spectra were recorded on Yanan A-60A or T-60 phenylacetone: nmr (CC14) 7.20 (s, 5 H ), 3.52 (s, 2 H ), and 2.00
spectrometers and are expressed on the 5 scale m parts per mil- (s, 3 H ); gc-mass spectrum identical with an authentic sample
lion downfield from an interna TMS standard The mass spec- (major ks at m /e  134 91 and 4 3). E xtraction of the aqueous 
tra were obtained at 70 and 12 eV on a Perkin-Elmer 270 gas j with ether, which was dried and concentrated, yielded 125
chromatograph-mass spectrometer, using a column of 20%  mg (5 l % ) of oily a-phenyl-d-methylglyceric acid which was esteri-
SE-30 on Chromosorb. The melting points were determined in fied with diazomethane. The nmr (DMSO-d6) of the methyl
a Thomas-Hoover capillary apparatus. Comparisons of reten- egter ghowed si ls at 7 .40 (b 5 H ) 5 .60 (S; i  H ), ca . 4.35
tion times with standards were also performed with SE-52 and ( lex 2 H ) 3 .60 (g 3 H ) and 1>10 (d, J  -  6 Hz, 3 H ).
D ECS columns in a F  & M 402 gas chromatograph The start- Thg gi l at 5 .60 disappeared and a quartet at 4.30 ( J  =  6
mg materials were prepared according to the literature showed Hz 4 H ) became clear upon addition of D20 .  Overnight oxida-'
satisfactory nmr spectra. The epoxidation reactions were carried & n  at r0Qm temperature 0f 200 mg of ester with 460 mg of po-
out with a slight excess of 85%  m-chloroperoxybenzoic acid in tagsium periodate in 25 ml of i N  HiS 0 4 yielded methyl benzoyl-

formate which was extracted with ether and had a gc-mass spec-
(18) P. Melikoff, Chem. Ber., 13, 9S6 (1880). tru m  id e n tica l w ith  an  a u th e n tic  sam p le (m ain  p eak s a t  m / e  1 6 4 ,
(19) R. T. Arnold, Abstracts, 10th National American Chemical Society 133, 105, 77).

Organic Symposium, Boston. Mass., 1947. --------------------- •
(20) As this manuscript was first ready to be submitted for publication, (22) L. Claisen, Chem. Ber., 38, 693 (1905).

there appeared a study of the acid-catalyzed decarboxylation-dehj^dration (23) G. R . Ames and W. Davey, J .  Chem. Soc., 1794 (1958).
of a /3-hydroxy acid pointing to the intermediacy of a dipolar species.21 B y (24) M. A. Phillips, ibid., 220 (1942).
analogy, the authors suggested a /3-carbonium ion intermediate in the “nor- (25) J .  Farakas and J .  K. Novak, Collect. Czech. Chem. Commun., 25,
mal” decarboxylation reaction of glycidic acids. 1815 (1960).

(21) D. S. Noyce and E . C. McGoran, J .  Org. Chem., 34, 2558 (1969). (26) W. C. Craig and H. R . Henze, J .  Org. Chem., 10, 16 (1945).
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Decarboxylation of 3 in D20 . — A solution of 200 mg of 3 in at 5.60 and 4.42 disappeared in presence of D20 .  Periodate
10 ml ol D2O was acidified with 1 ml of 1 A  HC1 in D20 ,  refluxed oxidation yielded methyl benzoylformate which had gc-mass
for 10 min, cooled, and extracted with 10 ml of CCfi. The or- spectrum identical with an authentic sample,
game layer was dried and concentrated, and the phenylacetone Comparative Decarboxylation of /3-Phenyl- and /3-Methyl- 
showed only two nmr signals (CC1<) at 7.20 and 2.00 in the ratio glycidic Acids.— A solution of 35 mg of sodium /3-methylglycidate
of 5 :1 .5 . The above experiment was repeated, keeping all the in 10 ml of water was acidified with 3 ml of 0.1 A  H2S 0 4. Titra-
conditions as above, but replacing 3 by 30 mg of phenylacetone tion with phenolphthalein as indicator either immediately or
which dissolved completely. The nmr of the recovered product after 10-min reflux’ required 3.0 ml of 0.1 A  NaOH. In a parallel
showed signals at 7.20, 3.52, and 2.00 in the ratio 5 :0 .7 5 :2 .5 . experiment, a solution of 53 mg of sodium/3-phenylglycidate in 10
When the experiment was repeated using 500 mg of sodium a -  ml of water consumed 2.01 ml of 0.1 A  NaOH after a 10-min
phenylacetoacetate instead of 3, the spectrum of the phenylace- reflux with 3 ml of 0.1 A  H2SO(.
tone had signals at 7.20, 3.52, and 2.00 in the ratio 5 :0 .4 5 :0 .9 0 .

Decarboxylation of Sodium «-Phenyl-/?,/3-dimethylglycidate.—  Registry No,— 3, 24568-16-9; 8 , 24568-17-0; 9,
A solution of 0.5 g of 9 in 15 ml of water was acidified with 0.2 24568-18-1
ml of concentrated H2S04, refluxed for 10 min, cooled, and ex­
tracted With 25 ml of e c u  The extract was dried and concen- A cknow ledgm ent.-W e are grateful to the National
trated, yielding 75 mg (21%) of residue which was identified a ^  j  a- r ^  • . ,7
by nmr and by gc-mass spectroscopy as a mixture of four parts Science Foundation for supporting this research, di-
isobutyrophenone (major peaks at m /e  148, 105, and 77) and rectly as well as indirectly, through the award of a
one part 3-phenyl-2-butanone (major peaks at m /e  148, 105, 79, departmental development grant. W e are indebted
77, and43). Further ether extraction of the aquecus phase and to Drs. p. Yates, R . M . M oriarty, and, particularly,
work-up yielded 225 mg (46% ) of «-phenyl-/?,/3-dimethylglycenc j  p  i f  t s  an d  sm urestions S P  S th an k s
acid which was treated with diazomethane. The methyl ester f «OCeK lo r  co m m en ts  a n a  suggestions, b. r . b. th an k s
had nmr (DMSO-ds) at 7.40 (br, 5 H ), 5.60 (s, 1 H ), 4.42 (s, th e  University oi Kurukshetra (India) for a leave of
1 H ), 3.70 (s, 3 H ), 1.18 (s, 3 H ), and 1.10 (s, 3 H ). The signals ab sen ce.

Oxidation of Amine Salts in Dimethyl Sulfoxide1,2

V incent J. T kaynelis and R ichard H. Od e3

Department o f  Chemistry, West V irginia University, Morgantown, West V irginia 26506

Received November 1 /, 1969

Benzylic amine salts of the type CeH6CH R X, when heated in DMSO at 160-180° for 20 hr, undergo oxidation 
to carbonyl compounds and in some instances elimination to olefins. When R =  H and X  = NH2 • HC1, NHCH3 •
HC1, N (CH 3)2-HC1, or N +(CH3)3I~, benzaldehyde was formed in varying amounts. With R  =  CH2CH3 and 
X  =  NH2 HCI the reaction gave isopropenyl phenyl ketone and «-hydroxymethylpropiophenone, while R  =
CH2CH3 and X  =  N (CH 3)2-HC1 gave similar oxidation products along with 1-phenylpropene. When R = 
CH(CH3)2an d X  =  NH2-HC1, the major product was isobutyrophenone, while R =  CHAkH,, and X  =  NH2-HC1 
gave a-hydroxymethyldesoxybenzoin and 2,3,5,6-tetraphenylpyridine and R =  CH2C6H5an d X  =  N (CH 3)2-HC1 
produced only frans-stilbene. The oxidation reactions which formed carbonyl compounds are explained by an 
ionic pathway similar to the mechanism for the Pfitzner-Moffatt DMSO oxidation of alcohols. A suggestion 
was made that olefinic products arose via an E l process. When alkyl groups are on the benzylic carbon, the 
initial ketone oxidation product undergoes further reaction with formaldehyde (from the acid or thermal de­
composition of DMSO) and ammonium chloride. Reactions of the ketone, paraformaldehyde, and ammonium 
chloride in DMSO under the above experimental conditions gave products similar to the amine salt-DMSO  
reaction.

During the past 12 years numerous applications of since D M SO  is known to decompose to produce form-
the use of dimethyl sulfoxide (D M SO ) as an oxidant aldehyde. A study of this oxidation reaction with
have appeared in the literature.4’6 An alternative various conditions and additives led to the following
nonoxidative reaction with these substrates and D M SO  conclusions. (1) The ammonium ion appears neces-
proceeds with elimination and the formation of olefinic R Ri
products.4'6 W e now wish to report resuits from the +/  dmso /
reactions of amine salts in D M SO  which occur by C6H6CH2N—R2 X -  —>  C6H5CHO +  C6H5CH2N
oxidation and/or elimination processes. Rs p 2

W hen benzylamine hydrochloride (0.1 mol), or its l 2
various N-m ethylated derivatives (0.1 mol), was heated B e r l ­
in D M SO  (0.7 mol) a t 165-185° for 20 hr, benzaldehyde j deĥ de’ 2;  2
was formed in 2 5 -6 0 %  yield in addition to a mixture of R, = R2 = R3 = H 60 24 Ri = H; R2 = CH3
N -m ethylated benzylamines. Form ation of the la tter 5 Ri = R2 = CH3
products may arise from an Eschw eiler-Clark reaction Ri = Ra = H; R3 = CH3 53 14 Ri = H; Jb^=^CfI3

R, =  H; R2 = R- =  CH3 27 51 Ri = R* =  CH3
(1) Acknowledgment is made to the donors of the Petroleum Research =  R 2 =  R 3 =  CH3 62

Fund, administered by the American Chemical Society, for support of this

research. , . sary for reaction, and the small am ount of oxidation(2) Presented in part at the Central Regional Meeting of the American J  7 •i j . j a i *
Chemical Society, Akron, Ohio, April 1968. observed. Wltii tllG IT66 DRS6 ITLRy UG RttriDllbGCl LO toriTlR-

(3) Abstracted from part of the Ph.D. dissertation of R. H. O., submitted tjon of Some acid On prolonged heating of D M SO .
(4) W. W. Epstein and F. W. Sweat, Chem. Rev., 67, 247 (1967). (2) D M SO  is the Oxidant. (3) In  Contrast to the
(5) j . r . Parkih and w. von e . Doenng, j . Amer. chem. Soc., 89, 5505 oxidation of benzyl alcohols in D M SO , the benzylamine

(1967;- , T „ T. . salt oxidation does not appear to involve a radical
(6) V. J .  Traynelis, W. L. Hergenrouher, J .  R . Livingston, and J .  A.

Valicenti, J .  Org. Chem., 27, 2377 (1962). process.
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The reaction of benzylic amine hydrochloride salts hyde. When these reactants were subjected to ex-
of the type C6H6CHRNH2-HC1 and C6H5CHRN(CH3)2- perimental conditions in DMSO, the yields of 5 and 6
HC1, where R  =  CH2CH3, CH(CH3)2, and CH2C6H6, were 50 and 11%, respectively.
with DMSO provided only oxidative products from Previous mechanistic studies by TorsselP’10 have 
primary amine salts while tertiary amine salts showed a shown that oxidation of benzylic halides and sulfonates
decrease in yield of oxidative products and the appear- pro ceeds by an Sn2 pathway to give a dimethylalkoxy-
ance of olefinic products. In the experiment with N,N- sulfonium ion which decomposes to produce the car-
dimethyl-1, 2-diphenylethylamine hydrochloride only bonyl compound and dimethyl sulfide. In view of
elimination to irans-stilbene (39%) was observed. A Torssell’s work and the above conclusions the mecha-
basic fraction was also isolated from these reactions and nism of Chart I is offered to rationalize the benzylamine
contained a mixture of N-methylated amines. salt oxidations. The declining yield of oxidation prod-

The primary oxidation product, propiophenone, from ucts in the series of primary, secondary, tertiary amine
the reaction of 1-phenyl-l-propylamine hydrochloride
and DMSO underwent subsequent condensation with C h a r t  I

formaldehyde (from decomposition of DMSO)7’8 to „ „  „ +
produce isopropenyl phenyl ketone (3) (18% ) and 6 5 H2N(CH3)3I 5=^ C6II5CH2 + N(CH3)3 + I
a-hydroxymethylpropiophenone (4) (13% ). A minor (ch,)2so
product in this reaction was isobutyrophenone (1 % ) +
whose origin remains obscure. When a mixture of C6H5CH2NH3c r  H CH3
propiophenone, ammonium chloride, paraformaldehyde, + __> __0__S+ + NH3 + CF

NHo.HC1 (CH3)2SO x h x ch3

C6H5CHCH2CH3 + DMSO —  , * » ! * * /  V

f  / H
[C6H5CCH2CH3] + NRC1 + CH3SCH3 2H3SCH3 + C6H5CHO —  CRC^O

dmso A-2̂ - ch2o i  ^S— CH3
vlCH2

V . ch2 11 ch2oh
C6H5CC + CRCCH salts could be rationalized by the steric influence of

increased substitution on an Sn2 process, while the 
3  3 4 3 dramatic increase in oxidation yield with the quaternary

ammonium iodide suggests a mechanistic change such 
and DMSO was exposed to reaction conditions, the as ionization via an SnI process. An observation in
expected condensation products 3 and 4 were isolated support with the latter carbonium ion explanation was
in 12% and 39%  yield, respectively. the formation of 2-naphthyL benzyl ether (30% ) when

The reaction of l-phenyl-2-methyl-l-propylamine benzyltrimethylammonium iodide was heated in di­
hydrochloride and DMSO provided mainly isobutyro- methylformamide and 2-naphthol. 
phenone (56%) with only a small conversion to the A similar mechanistic pathway can account for the 
condensation product of a-hydroxymethylisobutyro- primary oxidation product in the reaction with a-alkyl-
phenone (6% ); however, 1,2-diphenylethylamine hydro- substituted benzylamine salts. In addition the de­
chloride gave only condensation products in the form of creased yield of oxidation products and the appearance
a-hydroxymethyldesoxybenzoin (5) (31%) and 2,3,5,6- of olefinic products when one compares the reaction of
tetraphenylpyridine (6) (5% ). The latter compound primary amine hydrochlorides with the corresponding
may be rationalized by a Hantzsch-type pyridine syn- tertiary amine hydrochlorides supports the above
thesis with deoxybenzoin (primary oxidation product), proposed steric influence on the oxidative reaction and
ammonia (from ammonium chloride), and formalde- suggests contributions from an E l  (Sn I) mechanistic

process for the tertiary amine salts. When the corre- 
NHj-HCl sponding quaternary ammonium iodides were exposed
I to reaction conditions in DMSO, olefinic products

6 5 HCH2C6H5 + DMSO *- predominated and in most cases were the only prod-
0 ucts.11 If both ketonic and olefinic products were
j| formed through a single pathway (either Sn2 or Sn I),

[CRCCRCR] + NH„C1 + CH3SCH3 one would expect to find both elimination and oxidation
'— —-------------------------- - products in all examples.

dmso —j-*- ch2o The only successful examples of amine salts reported
above for oxidation and/or elimination are benzylic 

9  qjj qjj Qjj q amines or «-substituted benzylic amines. One excep-
C H CCIl + tion to this generalization was the failure of either 1-

6 5 \  % % % %  phenylethylamine hydrochloride or 1-phenylethyldi-
C6H5 CfJI.-, i OR methylamine hydrochloride and DMSO to lead to iden-

5 6
---------------------- (9) K . Torssell, Tetrahedron Lett., 4445 (1965).

(7) V. J .  Traynelis and W. L. Hergenrother, J .  Org. Chem., 29, 221 (1964). (10) K . Torssell, Acta Chem. Scand., 21, 1 (1967).
(8) H. It. Nace and J .  J .  Monagle, ibid., 24, 1792 (1959). (11) V. J .  Traynelis and R . H. Ode, unpublished results.
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T a b l e  I
S t a r t in g  A m in e  H y d r o c h l o r id e s

Amine hydrochlorid emp, °C ,-----------% C----------- - ,----------- % H----------- .
Amine % yield Obsd Lit. Obsd Calcd Obsd Calcd

Benzylamine a  263-265 2606
N-Methylbenzylamine a  178-179 173-174°
N,N-Dimethylbenzylamine a  177-178 62 .7 9  62 .9 7  8 .3 7  8 .22
1-Phenethylamine d  160-162 158®
1-Phenyl-l-propylamine 70 195-197 1 8 9 .5f
N,N-Dimethyl-l-phenyl-l-

propylamine 73 167-169 66 .3 8  66 .15  8 .8 8  9 .0 8
1- Phenyl-2-methyl-l-

propylamine 98 285-286 275g
N,N-Dimethyl-l-phenyl-2-

methyl-l-propylamine 66 207-208 67 .43  67 .43  9 .4 4  9 .4 3
1,2-Diphenylethylamine d 262-264 254-256'“
N,N-Dimethyl-l,2-diphenyl-

ethylamine 98 215-216 210“
N,N-Dimethyldodecylamine d 200-202 67 .52  67 .3 0  13 .09  12.91
2- Aminooctane d 89-91 91-92 '
2-Dimethylaminooctane 85 134-135 144r—146*

“ A sample was provided by Miles Laboratories, Inc., for which the authors express their appreciation. b A. Martell and R. M. 
Herbst, J . Org. Chem., 6 , 885 (1941). ° H. Bohme, A. Dick, and G. Driesen, Chem. Ber., 94, 1882 (1961). d Commercially available. 
6 A. N. Kost, A. P. Terent’ev, and G. A. Shvekhgeimer, Izv. A kad. N auk SS SB , Old. K him . N auk, 150 (1951); Chem. Abslr., 45, 1019e 
(1951). 1 W. H. Hartung and J .  C. Munch, J .  Amer. Chem. Soc., 53, 1878 (1931). e M. Konowalow, Chem. Ber., 28, 1859 (1895). 
'“P. Pratesi, A. LaManna, and L. Fontanella, Farm aco, Ed. Sci., 10, 673 (1955); Chem. Abstr., 50, 100575 (1956). * T. Morikawa, 
Yakugaku Zasshi, 80, 475 (1960); Chem. Abstr., 54, 19588? (1960). ' F . G. Mann and J. W. G. Porter, J .  Chem. Soc., 459 (1944).
* F . G. Mann and J . Reid, J .  Chem Soc., 3385 (1950).

tifiable p ro d u cts . A ceto p h en o n e , am m on iu m  chlorid e, mixture was treated with 40%  NaOH (50 ml) and extracted with
an d  D M S O  re a c t  to  give ta r-lik e  p ro d u cts , th u s p re - (basic fraction). .

Bach of the ether extracts (neutral fraction, basic fraction),eluding the isolation of any reaction products from the treated separately) was washed with water and dried, and the
ab o v e  am in e sa lts  an d  D M S O . T h re e  am in e sa lts  solvent was removed. Analysis of the residue from each fraction 
w hich  failed  to  u nd ergo re a c tio n  w ere  2 -o e ty la m in e  h y - and separation into its components were achieved by vpc or
droch lorid e, N ,N -d im e th y ld o d e cy la m in e  h y d roch lorid e , column chromatography. The details are listed in Tables II and

a n d  1-o cty ltr im e th y la m m o n iu m  iod id e; th u s  a p p lica - m Benzyl 2. Naphthyl Ether. _ A solution of benzyltrimethylam-
tion s of a lip h a tic  am in e sa lts  m  w h ich  th e  am m o fu n c- monium iodide (13.9 g, 0.05 mol), 2 -naphthol (7.9  g, 0.055 mol),
tio n  is a t ta c h e d  to  a  p rim a ry  o r s e co n d a ry  ca rb o n  a re  and dimethylformamide (100 ml) was refluxed for 20 hr. The
exclud ed. reaction mixture was cooled, diluted with 5%  aqueous HC1, and

extracted with ether. The ether extract was washed with base 
and water and dried, and after the solvent was removed gave 3.5 

Experimental Section12 g (30% ) of benzyl 2-naphthyl ether, mp 97-99° (lit.16 mp 99-
100°). The nmr spectrum was consistent for this structure.

Preparation of Starting Amines and Amine Hydrochlorides.—  Reaction of Propiophenone, Ammonium Chloride, and Para-
1 -Phenyl-1 -propylamine and l-ph3nyl-2-methyl-l-propylamine formaldehyde in Dimethyl Sulfoxide.— Propiophenone (13.4 g,
were prepared by the Leuckart reaction,13 while N,N-dimethyl- 0 .10 mol); paraformaldehyde (3.0 g, 0.10 mol), ammonium 
1 -phenyl-2-methyl-1 -propylamine, N,N-dimethy:-l,2-diphenyl- chloride (5.4 g, 0.10 mol), and dimethyl sulfoxide (54.6 g, 0.70  
ethylamme, and 2-dimethylaminooctane were obtained by the mol) were heated at i 80-185° for 20 hr and the reaction was
Eschweiler-Clarke procedure13 (see Table I ) .  worked up by the above procedure. The neutral fraction was

The amine hydrochlorides were precipitated from an ether chromatographed on alumina and gave 1.7 g (12% ) of isopro-
solutwn by addition of ethereal hydrogen chloride or by neutrah- penyl phenyl ketone; 0 .2 g (1% ) of isobutyrophenone, 0.7  g (5 % )
zation of the amine with hydrochloric acid and removal of water of propiophenone, and 6.5  g (39 % ) of a-hydroxymethylpropio-
in  vacuo. The crude hydrochloride salts were purified by crystal- phenone.
lization from ethanol—ethyl acetate mixtures (see Table I ) .  Isopropenyl phenyl ketone had an ir spectrum identical with

Oxidation of Amine Salts in DMSO. General Procedure .— A that of an authentic sample, nmr (CDC13) r 2.50 (m, C6H 5),
solution of amine hydrochloride (0.1 mol) and dimethyl sul- 4.20  and 4.40 (q, 2 , = C H j), 7.98 (d, 3 , -C H a), and gave the 1,3-
foxide14 (0.7 mol) was heated at 165-185° for 20 hr in an atmo- diphenylpyrazoline derivative, mp 117-119° (lit.16 mp 119-121°).
sphere of either air or nitrogen. The reaction mixture was Isobutyrophenone was characterized as the 2 ,4-dinitrophenyl-
cooled, acidified with 10%  hydrochloric acid (100 ml), and ex- hydrazone, mp 158-161° (lit.17 mp 161-162°), and a mixture
tracted with ether (neutral fraction). The acidified reaction melting point with an authentic sample was not depressed.
------------------- a-Hydroxymethylpropiophenone had an ir spectrum identical

(12) Elemental analyses were performed by Galbraith Microanalytical with that of an authentic sample. t
Laboratories, Knoxville, Tenn. Infrared spectra were recorded on a Perkin- a-Hydroxymethylpropiopheilone. A mixture of propiophe-
Elmer infrared or Beckman IR-8 spectrophotometer, while ultraviolet none (20.0 g, 0.15 mol), aqueous formaldehyde (37% , 3.7 g,
spectra were determined on a Bausch and Lomb Spectronic 505 ultraviolet- 0.12 mol), and 30 ml of 5%  NaOH was stirred at room tempera-
visible spectrophotometer. Mr. Robert Smith recorded the nmr spectra ture for ^3 }jr and treated with 10%  hydrochloric acid (10 ml),
using a Varian Model HA-60 high-resolution spectrometer employing tetra- The ac;dified reaction mixture was extracted with ether, the ex-
methylsilane as an internal standard Gas-liquid partition chromatography trac(. dried an(j -he golvent rem0ved. Distillation of the residue
was performed on a Perkm-Elmer Model 154 vapor fraetometer and the , .„^  f j  „r
relative areas were determined utilising the peak height times half-width gave 6.7 g (49%  corrected for recovered propiophenone) of a- 
method.

(13) M. L. Moore, Org. React., 5, 301 (1949). (15) H. Baw, J .  In dian  Chem. Soc., 3, 103 (1926).
(14) We wish to thank Crown Zellerbaeh Corp. for a generous supply (16) J. H. Burckhalter and R. C. Fuson, J .  Amer. Chem. Soc., 70, 4186

of DMSO. Purification of DMSO, bp 189°, was achieved as described (1948).
previously; see ref 6. (17) H. M. Kissman and J. Williams, ibid., 72, 5323 (1950).
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T a b l e  II
O x id a t io n  o f  B e n z y l a m in e  S a l t s  in  D im e t h y l  S u l f o x id e “

% yield6 _
C6H5CH2X  Reaction temp, of •--------------------------------------------------- Recovered am ines------------------------- >

X  °C CeHsCHO0 Amine % yield Amine % yield

(1) N H j'H G l 167-172 60 C6H6CH2NHCH3 24 C6H6CH2N(CH3)2 5
(2) NHCH3-HC1 163-167 53 C6H 5CH2NHCH3 14 C6H5CH2N(CH3)2 18
(3) N (CH 3)2-HC1 165-170 27 C6H6CH2N (CH 3)2 51

(4) N (CH 3)3I -  175-180 62
(5) N H 2 165-170 15 C6H 5CH2N H 2 61 C6H5CH2NHCH3 7
(6) NH2-HCle 160-164 14 C6H6CH2NH2 47
( 7 )  N H 2-HCP 160-164 C6H6CH2NH2 28
(8) N H 2 ■HCl1' 170-175 60 C6H6CH2NHCH3 11 C6H5CH2N (CH 3)2 14
(9) N IR-H Cl'1 165-170 44 C6H6CH2NHCH3 13 C6H5CH2N (CH 3)2 11

( 1 0 )  NH2-HC1* 160-165 55 C6H 5CH2NHCH3 11 C6H5CH2N (CH 3)2 20
( 1 1 )  NH2-HC1> 170-175 5 C6H 6CH2NHCH3 10 C6H5CH2N (CH 3)2 12

0 The reactions involved a 1 :7  amine salt:DM SO ratio and ranged in quantity from 0.01 to 0.10 mol of amine salt. Reaction time 
was 20 hr. 6 Determined by vpc using a 10-ft column of 10%  Carbowax 20M on Chromosorb G at 150° with a helium flow rate of 54 
cc/min. Dimethyl disulfide was also observed in varying amounts and identified as described earlier (see ref 7). c Benzaldehyde was 
identified by comparison of retention time and its ir spectrum with those of an authentic sample; also by preparation of the 2,4-dinitro- 
phenylhydrazone, mp 237-238° (lit. mp 237°; “Tables for Identification of Organic Compounds,” C. D. Hodgman, Ed., Chemical 
Rubber Publishing Co., Cleveland, Ohio, 1960, p 71). d Yields were determined by using a 10-ft column of 25%  Carbowax 20M  and 
2.5%  NaOH on Chromosorb P  at 175° with a helium flow rate of 54 cc/min. The amines were identified by comparison of retention 
times and peak enhancement with those of authentic samples. “The reaction mixture contained 0.10 mol of amine salt, 0.10 mol of 
DMSO, and 100 ml of diglyme. 1 The reaction mixture contained 0.10 mol of amine salt in 100 ml of diglyme. « Air was bubbled 
through the reaction mixture. h Reaction was performed in a nitrogen atmosphere. ’ Reaction was performed in a nitrogen atmosphere 
and with m-dinitrobenzene (0.025 mol) added. ’ ¿-Butyl peroxide (0.0040 mol total) was added in two 0.0020-mol portions 10 hr apart.

T a b l e  III
O x id a t io n  o f  A m in e  S a l t s  in  D im e t h y l  S u l f o x id e “

Amine-HCi Temp, ,------------------Neutral fraction6------------------ . .------------------Basic fraction“------------------.
(Registry no.) °C % yield Products % yield Products

n h 2 o  c h 2 n h 2

C6H5CHCH2CH3“ 170-175 18 C6H 5C— C— CH3* 25 C6H6CHCH2CH36
(24301-86-8)

O NHCH3

1 C6H 6CCH(CH3) /  36 C6H 6CHCH2CH 3

0  CH2OH
II I

13 C6H6C— CHCH,«'
N (CH 3)2 N (CH 3)2

C6H 5CHCH2CH3 172-175 7 CdRCH— CHCIR- 67 C6H 5CHCH2CH3
(24301-87-9)

o  c h 2o h

4 C6H 5C— C H C IV

n h 2 o  n h 2

I II I
C6H5CHCH(CH3)2 180-190 56 C6H 5CCH(CH3y  3 C6H6CHCH(CH3y
(24290-47-9)

OCH2OH N T IC H 3

6 c 6H5c c ;c H 3y  25 c 6h 6c h c h (c h 3)2

N (CH 3)2

5 C6H 6CHCH(CH3)2

N(CH3)2 N (CH s)2

C6H 5CHCH(CH3)2 180-190 5 C6H 6C H = C (C H 3)2*' 59 C6H5CHCH(CH3)2
(24301-88-0)

0
II

27 C6H 5CCH(CH3)2

O CH2OH
II I

1 C6H5C— C(CH3)2#
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T a b l e  III  ( Continued )

Amine • HC1 Temp., -— —------------Neutral fraction**------------------ , .------------------Basic fraction**----------- ------ ,
(Registry no.) °C % yield Products % yield Products

n h 2 n h 2

C6H 5CHCH2C6H5 165-170 5 J O T  8 C6H 6CHCH2C6H5»
(24301-89-1) CsH •N T *

O CH2OH NHCH3

31 C6H6C— CHC6H6>' 35 C6H 6CHCH2C6H 5
N (CH 3)2

Trace unidentified”* 5 C6H 5CHCH2C6H5
N (CH 3)2 N (CH 3)2

C6H6CHCH2C6H5» 170-175 39 trans- 42 C6H 5CHCH2C6H5
(24301-90-4) C6H 6C H =O H C 6H5*>

n h 2 n h 2

C6H6CHCH3 173-177 53 C6H 5CHCH3s
(20938-48-1)

NHCH3
I

33 C6H6CHCH3
N(CHa)2
I

2 C6H5CHCH3
N (CH 3)2” N (CH 3)2
I I

C6H5CHCH3 175-185 53 C6H 6CHCH3
(24301-92-6)
CH3(CH2)9N (CH 3)2 180-185 57 CH3(CH2)9N (CH 3)2
(10237-16-8)

N H 2 n h 2

CH3(CH2)5CHCH3» 170-172 49 CH3(CH2)6CHCH3*
(24301-94-8)

N H CH 3

28 CH 3(CH2)5CHCH3
N (CH 3)2

1 CH3(CH2)5CHCH3
a The reaction involved a 1 :7  amine salt:DM SO ratio and ranged in quantity from 0.01 to 0.15 mol of amine salt. Reaction time 

was 20 hr. Registry no. for amine • HC1 are given in parentheses. b Reported yields were of isolated products which were separated by 
column chromatography on alumina. c When mixtures of amines were obtained, the yields were determined by vpc. The identifica­
tion of the primary and tertiary amines was by comparison of retention time and peak enhancement with those of authentic material. 
The secondary amines were suggested on the basis of vpc retention times. When the tertiary amine was the only product, this was 
identified by comparison of its ir spectrum with that of an authentic sample. In addition the N,N-dimethyl-l-phenyl-l-propylamine 
picrate, mp 167-169° (lit. mp 166.5-167.5°; H. M. Taylor and C. R. Hauser, J .  Amer. Chem. Soc., 82, 1965 (I960)), was prepared. 
d m-Dinitrobenzene (0.062 mol) was added. e Identified by preparation of 1,3-diphenylpyrazoline, mp 117-119°; ir and nmr spectra, 
see experiment Reaction of Propiophenone, Ammonium Chloride and Paraformaldehyde in DMSO. 1 Identified by 2,4-dinitrophenyl- 
hydrazone, mp 158-161°, and comparison of ir spectrum with that of an authentic sample; see experiment cited in footnote e. « Identi­
fied by compairson of ir spectrum with that of an authentic sample. 1 For vpc separation the column and conditions used were the 
same as described in Table II, footnote d. ’ Identified by comparison of the ir and nmr spectra with those of an authentic sample. 
'T h is structure is suggested by comparison of the ir spectrum with that from a-hydroxymethylpropiophenone. ** Vpc analysis was 
accomplished using the column described in Table II, footnote d, at a temperature of 200° and a helium flow rate of 60 cc/min. 1 Identi­
fied by comparison to authentic sample; see Experimental Section, Reaction of Deoxybenzoin, Ammonium Chloride, and Paraformalde­
hyde in Dimethyl Sulfoxide. ”* The crude solid had a mp 115-120°. n Vpc analysis was performed with a 3-ft column of 15%  Carbowax 
20-M on Chromosorb W at a temperature of 225° and a helium flow rate of 67 cc/min. 0 Reaction time was 60 hr. p irans-Stilbene was 
identified by mp 122-124° (lit. mp 124-125°; R. L  Shriner and A. Berger, “Organic Syntheses,” Coll. Vol. I l l ,  John Wiley and Sons, 
Inc., New York, N. Y ., 1955, p 786) and by comparison of its ir spectrum with that of an authentic sample. a Vpc analysis used the 
column and helium flow rate described in Table II, footnote d, at a temperature of 190°. r Reaction time was 72 hr. s Reaction time 
was 71 hr. 1 Vpc analysis employed the column described in Table II, footnote d, at a temperature of 125° and a helium flow rate of 40 
cc/min.

hydroxymethylpropiophenone, bp 130-132° (2.5 mm) (lit.18 bp A nal. Calcd :or C16H 16N4O5: C, 55.81; H , 4 .68 . Found: 
158-162° (17 mm )); nmr (neat) r  2 .3  (m, 5, C6H 5), 5.27 (s, 1, C, 55.66; H , 4.59.
OH), 6.2 (m, 3 > C H -C H 2- ) ,  8.88  (d, 3, CH3). Reaction of Deoxybenzoin, Ammonium Chloride, and Para-

A 2 ,4-dinitrophenylhydrazone derivative was prepared in the formaldehyde in Dimethyl Sulfoxide. A solution of deoxyben- 
usual manner and recrystallization from ethanol-ethyl acetate zoin (3.92 g, 0.020 mol), paraformaldehyde (0.60 g, 0.020 mol), 
gave an analytical sample, mp 151-153°. and ammonium chloride (1.06 g, 0.020  mol) in dimethyl sulf-
____________  oxide (22.0 g, 0.28 mol) was heated at 176-180° for 20 hr. The

(18) J .  Colonge and G. Weinstein, Bull Soc. Chim. Fr., 463 (1952). reaction mixture was processed as described in Oxidation of
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Amine Salts using CHC13 as extracting solvent. After removal and ammonium chloride (0.10 mol) in dimethyl sulfoxide (0.70
of the CHCU, the residue was chromatographed on Fischer alu- mol) was heated at 170-178° for 23 hr. Aliquots were removed
mina and gave 0.83 g (11% ) of 2,3,5,6-tetraphenylpyridine and periodically, processed as above, and analyzed by tic observing
2.24 g (50% ) of a-hydroxymethyldeoxybenzoin. the disappearance of acetophenone. After 23 hr, when all the

2,3,5,6-Tetraphenylpyridine was recrystallized from dioxane- acetcphenone was gone, the reaction mixture was processed as
water and had mp 241-242° (lit.19 mp 232-233°); nmr (CDC13) above and gave a dark resinous residue, 
r  2 .75 (m ); uv (CHC13) Xma* 248 mM (e 29,600), 303 (16,400).

A n al. Calcd for CMH21N : C, 90.82; H , 5 .52 ; N , 3 .65. Registry N o .—  C6H6CH2NH2, 100-46-9; C6H5CH2- 
Found: C, 90.54; H, 5 .82 ; N, 3 .55. NHS-HC1, 3287-99-8; C6H6CH2NHCH3-HC1, 13426-

«-Hydroxymethyldeoxybenzoin gave an ir spectrum (neat) 9 4 .3  C6H6CH2N(CH3)2 • HC1, 1875-92-9; C6H6CH2- 
consistent with the assigned structure: 3430 cm 1 (bonded OH), m . / A tt n t i r o f  AO /  u j  ±r! i • i
1670 (C =0), 1050 (COH). N+(GH3)3I% 4525-46-6; a-hydroxymethylpropiophe-

AttemptedReaction of Acetophenone and Ammonium Chloride none, 16735-22-1; a-hydroxymethylpropiophenone 2,4- 
in Dimethyl Sulfoxide.—A solution of acetophenone (0.10 mol) dinhrophenylhydrazone, 24301-96-0; 2,3,5,6-tetraphe-

(19) H. Carpenter, Justigs Liebigs Ann. Chem., 302, 234 (1898). nvlpyridine, 24301-97-1.
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The ir spectra of the condensation products of l-(a-aminobenzyl)-2-naphthol with benzaldehyde and sub­
stituted benzaldehydes indicate that in the crystalline state they have the 2,3-dihydro-lH-naphth[l,2-e] [1,3]- 
oxazine structure. The nmr spectra show that in chloroform-d they equilibrate to a mixture of the cis- and 
irons-naphthoxazine (ring) and the corresponding Schiff base (chain) tautomers. The ring/chain ratio depends 
on the substituent in the benzaldehyde moiety. The greater the electron-withdrawing power of the substituent, 
the larger is the ring/chain ratio. In trifluoroacetic acid there is an equilibrium between cis- and trans-2,3- 
dihydro-lH-naphth[l,2-e] [l,3]oxazonium and the corresponding immonium ions. Electron-withdrawing 
substituents in the benzaldehyde moiety increase the proportion of the naphthoxazonium ions.

Betti2 reported the condensation of 2-naphthol, In subsequent work, l-(a-aminobenzyl)-2-naphtho1 
benzaldehyde, and ammonia in a ratio of 1 :2 :1 . The was resolved,6 and the dextrorotatory isomer was
crystalline product was first assigned the 1,3-diphenyl- condensed with benzaldehyde and with various sub-
2,3-dihydro-lH -naphth[l,2-e][l,3]oxazine structure stituted benzaldehydes.6 These condensation products
( l ) .3 Later, on the basis of its reaction in benzene with are of substantial interest in that they show unusual
ethereal ferric chloride, which results in an intense differences in their rotatory powers. In benzene, they
reddish-violet color,2a the isomeric Schiff base structure, range from [M ]d —990.7° for the o-nitrobenzaldehyde
N-benzylidine-l-(a-aminobenzyl)-2-naphthol (2), was derivative to [M ]d + 2 6 7 6 .0 °  for the p-dimethylamino-

benzaldehyde derivative.7 In addition, the rotatory 
H powers of the condensation products in benzene vary in
| /= =  a regular way and are correlated with the strength

{  a  (pAa) of the substituted benzoic acid corresponding to
T  T i oh '— ' the aldehyde condensed with dextrorotatory l-(a -

X V V  aminobenzyl)-2-naphthol.7 Inferences were drawn con-
L i J  L J L J  cerning the influence of the various substituents on the

l 2  rotatory powers of these substances, all assumed to have
the Schiff base structure.7'8 More recently, the circular

proposed.4 * Hydrolysis of the condensation product in dichf 0\sm curves of a m!mber ° f ,th(f  condensation
hydrochloric acid gives l-(<*-aminobenzyl)-2-naphthol productf  n m ^ r a l  .n  ethyl alcohol.6 It was
hydrochloride which can be converted to the free assumed that the Schiff base chromophore would be
base.2b’3 The latter condenses readily with aliphatic doi™ t  for all of these condensation products in ethyl
and aromatic aldehydes, including benzaldehyde, and a ? ‘ , , . , ,, , .
with aliphatic ketones.4b It was concluded that ali- has bee0n fou»d’ however that the condensation
phatic aldehydes give 3-alkyl-l-phenyl-2,3-dihydro-lH- P™du?  0 2-naphthol, benzaldehyde, and ammonia 
naphth[1,2-e] [l,3]oxazines whereas aromatic aldehydes when treated eUier y t h  nitrous acid gives a
and aliphatic ketones give the Schiff bases.4» compound with the N-mtroso-l,3-dipheny -2,3-dihydro-

lH-napntnLl^-eJtl^Joxazine structure.10 On this
(1) Taken from the M.S. Thesis of N. E . C .f Vanderbilt University, (5) M. Betti, Gazz. Chim. Iia l., 36 (I I ) ,  392 (1906).

1Q69. (6) (a) M . Betti, ibid., 37 (I), 62 (1907); (b) ibid., 37 (II) , 5 (1907);
(2) (a) M. Betti, Gazz. Chim. Ital., 30 (II), 310 (1900); J .  Chem. Soc., 80 (c) M. Betti and G. C. Conestabile, ibid., 46 (I), 200 (1916).

(I), 81 (1901); (b) “Organic Syntheses,” Coll. Vol. I ,  2nd ed, John Wiley and (7) M. Betti, Trans. Faraday Soc., 26, 337 (1930).
Sons, Inc., New York, N. Y ., 1947, p 381. (8) T. M. Lowry, “ Optical Rotatory Power,” Dover Publications, Inc.,

(3) M. Betti, Gazz. Chim. Ital., 31 (I), 377 (1901); /. Chem. Soc., 80 (I), New York, N. Y., 1964, p 326.
611 (1901). (9) A. Bertoluzza and A. Marinangeli, Ann. Chim. (Rome), 59, 295

(4) (a) M. Betti, Gazz. Chim. Ital., 33 (I), 17 (1903); J .  Chem. Soc., 84 (I ) , (1969).
510 (1903); (b) M. Betti and V. Foa, Gazz. Chim. Ital., 33 (I), 27 (1903); (10) N. Ahmed, M. G. Hemphill, and F. E . Ray, J .  Amer. Chem. Soc., 56,
J .  Chem. Soc., 84 (I), 511 (1903). 2403 (1934).
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basis, the original condensation product was assigned Although there is no direct evidence for the configura- 
structure 1. tion of the naphthoxazines in the solid state, they all

Recent quantitative studies of the ring-chain probably have and are assigned the cis configuration 
tautomerism of derivatives of o-hydroxybenzylamine (A).
with aldehydes and ketones11 suggest that the reactivity Chloroform-d Solutions.-—The nmr spectra (Table I) 
of the condensation products of l-(a-aminobenzyl)-2- of the condensation products 3 -9  in chloroform-d show 
naphthol with benzaldehyde and substituted benzalde- the presence of the a's-naphthoxazine tautomer (A),
hydes as well as the unusual differences in the rotatory In addition, in the spectra of 3 and 6-8 , evidence is
powers of the optically active derivatives are the result of found for the ¿rans-naphthoxazine tautomer (B ); in 
an equilibrium in solution between tautomers with the those of 6-9 , evidence is found for the Schiff base 
naphthoxazine (ring) (1) and the corresponding Schiff tautomer (C).
base (chain) (2) structures. The nature of the substit- In each spectrum there is a singlet or a pair of singlets
uent on the aldehyde moiety would determine the of equal intensity at 5.5-6.6 ppm assigned to the C-l and
amount of each tautomer present, electron-withdrawing C-3 protons of the cfs-naphthoxazine tautomer (A ).12
substituents increasing the proportion of ring tautomer. For 3 and 6-8, which have an appreciable solubility in

We have now prepared a number of condensation chloroform-d, there is also a broad singlet or a pair of
products of racemic l-(a-aminobenzyl}-2-naphthol singlets of equal intensity at 5.7-5.9 ppm. These 
with benzaldehyde and substituted benzaldehydes signals are less intense and at a slightly lower field than
(3-9) and have examined them spectroscopically in the those assigned to the C -l and C-3 protons of A and are
solid state and as solutions in chloroform and in tri- assigned to the C -l and C-3 protons of the trans-
fluoroacetic acid (TFA). naphthoxazine tautomer (B). The respective assign­

ments of the C-l and C-3 proton signals to A and to B 
Results and Discussion are made on the basis that the naphthoxazine tautomer
T , ,, , , , with the a s  configuration, for which both phenyl groups

Solid S ta te .-In  the solid state, all or these condensa- w  a ferred pseudoequatorial conformation, is the 
tion products have the naphthoxazine structure (A or more stable> Inte tion of the respective signals gives
B). The crystalline substances melt over a range of no the d s/tm n s  ratio ag about 5 or 6 (Table I } . In the
more than 1 and do not show ir absorption (KBr disk) tra of 3 6 . and 7 the amino proton signal is a broad
for the azomethine moiety Among the ateoiptaon h centered at 2 .3_2 .6 ppm.
bands are two sharp bands at 1600-1610 and 1620-1630 In the spec:ra of 6_9 in chloroform-^ there are also 

i  for,9 ' f 110!1, ha£ broad ^sorption from twQ additional si nals at 6.4_6 .8 and 8 .4_8 .5 ppm. In
1570 to 1630 cm 1 In chloroform an additional sharp each t these si nals have e al integrated 
absorption band at 1650-1660 c m -1 appears m the spec- intensitieg and are assi ned respectively to the methyl- 
tra of 5-8 while the bands at 1600-1610 and 1620-1630 id and the azomethine proton of the Schiff base 
cm remain unchanged. This new band is assigned to tautomer (C). This tautomer presumably exists as a
the azomethine moiety of the Schiff base (chain) tauto- sin le stereoisomer12 with the trans configuration.11
mer (C)im equilibrium with cis- and trans-naphthoxazine In none of the spectra was the hydroxyl proton signal
(ring) tautomers (A and B) A band at 1650-1660 observed and integration of the spectra indicates that
cm 1 is not shown by 3 in chloroform since the concern it jg obscured among the aromatic protons from 6.8 to
tration of the Schiff base tautomer is very small (see g>3 In the spectrum of 3, the Schiff base tautomer
below). Both 4 and 9 are too insoluble in chloroform wag not detected and it ig estimated that its concentra­
tor the band to be observed. tion is less than 10% of that of 3A. The Schiff base

p tautomer was also not detected in the nmr spectra of 4
h I H H p and 5 for two reasons. First, the solubility of each in

X i j .  If r  I  H | H chloroform-d is less than that of 3 and 6-8  but about the
J  same as 9. Second, the amount of Schiff base tauto-

q mer, in comparison to the naphthoxazine tautomers, is
f  || less than that for 6-9.

As shown in Table I, integration of those spectra in 
A B which both the naphthoxazine (ring) and Schiff base
D, protonated on N E, protonated on N (chain) tautomers were detected gives the ratio of the

p former (as and trans together) to the latter. Two
factors limit the precision of these measuremens. First, 
the condensation products generally have a low solu- 

H,.N=C R' bility in chloroform-d, and in a variety of other sol-
i H vents. Second, the relative number of nonaromatic

protons is small. Nevertheless the data, of only quali- 
L i y l  tative significance, given in Table I clearly show that

c  the greater the electron-withdrawing power of the
F, protonated on N (trans)

3 , R  =  N O 2; R '  =  H  7 , R  =  H ; R '  =  H  (12) For 9A, the C -l and C-3 proton signals are at an unusually low field.
4 , R  =  C l;  R '  =  C l 8 , R  =  C H fC H a h ; R '  =  H  Also, since the ring/ckain ratio is about 1, there is an ambiguity concerning
5 , R  =  B r ;  R '  =  H  9 , R  =  N ( C l l h t  R '  =  H  the assignment of the respective signals to 9A and to the methylidyne
6 , R  =  C l;  R '  =  H  proton of 9C.

(13) D. Y . Curtin, E . J .  Grubbs, and C. G. M cCarty, J .  Amer. Chem.
---------------------  Soc., 88, 2775 (1966).

(11) A. F . McDonagh and H. E . Smith, J .  Org. Chem., 33, 1 (1968). (14) G. Wettermark, Ark. Kem i, 27, 159 (1967).
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T a b l e  I

N m r  D a ta  and  R in g - C h a in  T a u t o m e r  R a t io s  in  C h l o r o f o r m -^ f o r  D e r iv a t iv e s  o f  
1 -(o:-Am in o b e n z y l )-2 -n a p h th o l  w it h  A r o m a t ic  A l d e h y d e s

---------------------------------------------------------Nmr“------------------------------------------------------------.
,------------------------- Naphthoxazines (ring)--------------------------.

Conden- ..------------ C -l and C-3 protons6-------------, «—Schiff base (chain)—.
sation cis trans NH CH— N N = C H  .--------- Ratios--------- -—. Concn,

product ,---------------------- Chemical shifts assigned, ppm downfieid from T M S = 0----------------------- - cis/trans Ring/chain g/ml, CDCh

3 5 . 5 3 , 5 . 6 4  5 .8 3  2 .5 8  . . . '  . . . '  6 0 . 1 2
4 5 .6 3  . . . “ . . . “ . . . “ . . . '  ~ 0 .0 6
5 5 .6 2  . . . '  . . . '  . . . “ ~ 0 .0 6
6 5 .6 0  5 .7 5  2 .31 6 .4 0  8 .5 3  5 4 0 . 12
7 5 . 5 7 , 5 . 6 5  5 . 7 7 , 5 . 9 0  2 . 52  6 .4 0  8 .5 3  5 3 0 .11
8* 5 . 5 6 , 5 . 6 5  5 . 7 5 , 5 . 9 0  . .  .* 6 .3 7  8 .5 0  5 1 0 . 26
9“ 6 . 3 5 /  6.60^ . . . “ 6 . 75 /  8 .4 5  1 ~ 0 .0 6

“ Singlets measured at 60 MHz and ca. 35°. b No differentiation between these protons is made or implied. 0 N ot detected. d For 
CH(CH3)2, 1.22 ppm (doublet, J  — 6.5 Hz);  2.90 ppm (multiplet, J  =  6.5 Hz). e For N(CH3)2, 3.02 ppm (singlet). ' There is some 
ambiguity concerning these assignments. See footnote 12.

substituent in the phenyl ring of the aldehyde moiety, Also seen in the spectra of 4 -8  in TFA  is a broad 
the larger is the ring/chain ratio. For a given aldehyde singlet or a doublet at 8.6-9.1 ppm. This is assigned to
moiety, the percentage of ring tautomer is greater for the azomethine proton of the immonium ion (F). In
the l-(a-aminobenzyl)-2-naphthol derivative than for none of the spectra was the hydroxyl or NH+ proton
the derivative of o-hydroxybenzylamine.11 This dif- signal or the methylidyne proton signal detected. The
ference may be related in part to the slightly greater latter is obscured by the aromatic proton signals. When
acidity of a 2-naphthol as compared with a phenol.16 an extremely strong electron-withdrawing group is

Trifluoroacetic Acid Solutions.—All of the condensa- present on the aldehyde moiety, as in 3 and 9 in TFA,
tion products 3 -9  have an appreciable solubility in the immonium ion was not detected and its concentra-
TFA. Except for that of 8, the nmr spectra of these tion in TFA  is less than 10% of that of the naphthoxazo-
solutions (Table II) show evidence for the ds-naph- nium ions. For 4F-6F, with strong electron-with-

drawing groups, the basicity of the azomethine nitrogen 
T a b l e  II is decreased such that coupling of the azomethine proton

N m r  D a ta  and  R in g - C h a in  T a u t o m e r  with the rapidly exchanging immonium proton is not
R a t io s  in  T r if l u o r o a c e t ic  A c id  f o r  D e r iv a t iv e s  o f  observed. Without a substituent (7F) or with an

1 - ( o!-Am in o b e n z y l )-2 -n a p h th o l  w it h  A r o m a t ic  A l d e h y d e s  electron-injecting group (8F) the azomethine proton
'---------------- Nmr“---------------- - signal appears as a doublet. The coupling constant is
———ionŝ rin̂ i———% immonium 17 Hz and is g°od evidence that the configuration of the

Conden- c-i and c-3 protons6 ion (chain) nitrogen to carbon double bond in 4F -8F  is trans, as
sation cis trans N = C H  e x p e c t e d

product Chemical shifts assigned, ppm Ring/chain Concn, rn i t  t t  i n  • / i *
,------- downfieid from t m s  -  o--------, ratio g/mi, t f a  . T & b l e  II shows the nng/cham ratio m  those solutions

3 6 . 5 0 , 6 . 7 3  6 .9 0  . . . c 0. 25  in which both naphthoxazonium (ring) and immonium
4 6 . 2 5 , 6 . 6 5  6 .8 0  9 . 05  2 0 . 26  (chain) ions were detected. Again these data are of
5 6 . 2 3 , 6 . 6 5  . ..° 9 . 08  1 0 .21  only qualitative significance. They clearly show, how-
6 6 . 2 3 , 6 . 6 5  . .  . “ 9 . 05  0 . 5  0 . 26  ev er, th a t  th e  g re a te r  th e  electro n -w ith d raw in g  a b ility
7 5 . 7 0 , 6 . 1 5  . . . *  8 .59“ 0 .3  0 . 21  of the substituent on the aldehyde moiety, the greater
8 * •••” 8 .5 7 d 0 . 25  is this ratio. In contrast to the condensation products
9/ 5 . 9 5 , 6 . 2 5  6 . 40  0 . 24  of o-hydroxybenzylamine with benzaldehyde and sub-

“ SiDglefs, except where noted otherwise, measured at 60 stituted benzaldehydes in T F A , for which no benzoxazo-
MHz and ca. 35 . b No differentiation between these protons is j  * *. * 1B ,* , ,  • , 0
made or implied. “ Not detected. “ Doublet, J  = 17 Hz. nmm lon was detected,16 the l-(«-ammobenzyl)-2-
' For CH(CH3)2, 1.37 ppm (doublet, J  = 6.5 Hz);  3.12 ppm naphthol derivatives, except for 8, have substantial
(multiplet, J  = 6.5 Hz). > For N +(CH3)2, 3.53 ppm (singlet). concentrations of the naphthoxazonium ions present in

TFA. This difference may also be related to the 
thoxazonium ion (D). This ion shows two singlets at slightly greater acidity of a 2-naphthol as compared
5 7 -6 .7  ppm of equal intensity which are assigned to with a phenol.15
the C -l and C-3 protons. The spectra of 3, 4, and 9
shown an additional broad singlet at slightly lower Experimental Section
field and of reduced intensity. This is assigned to the Melting points were taken in open capillary tubes and are 
respective ¿r&?lS-naphthoxazoruum ions (E). The c is /  corrected. Elemental analyses were done by Galbraith Labora-
trans ratio appears to be about the same for the con- tories, Inc., Knoxville, Tenn. Infrared absorption spectra were
densation products in TFA  as in chloroform-d. This obtained with a Beckman Model IR -10 spectrophotometer. Ir
additional signal was not detected in the spectra of °ff solids, w/ re obtained 111 Podium  bromide disks and
s *7 or,,! ;+ j  , ., . , t 01 chloroform solutions using matched 0 .1-mm sodium chloride

, a d it may be obscured by other signals. In the cells. Nmr spectra were determined at ca. 35° with a Varian
spectrum of 8 no signal for a naphthoxazonium ion was A-60 spectrometer operating at 60 MHz. In all spectra, tetra-
detected. It is estimated that the concentration of the methylsilane (TM S) was used as an internal standard, and ehemi-
«s-naphthoxazonium ion 8D is less than 10% of that of cal aff reP01̂  ln Parts P®  million downfieid from the 

im m nninm  si? standard. Solutions in TFA  were prepared by adding the acid
tne immonium ion 81. (Baker Analyzed Reagent) to a known weight of sample in an

(IS) A. Bryson and R . W. Matthews, Aust. J .  Chem., 16, 401 (1963). (16) A. F . McDonagh and H. E . Smith, J .  Org. Chem., S3, 8 (1968).
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nmr tube. The spectra were then run immediately. Tautomer cis-3-(p-Bromcphenyl)-l-phenyl-2,3-dihydro-lH-naphth[l,2-e]- 
ratios were estimated by integration of the respective spectra. [l,3]oxazine (5A) resulted: microscopic, white needles (68% )

cis-1,3-Diphenyl-2,3-dihydro-1 H-naphth[1,2-e] [l,3]oxazine from benzene, mp 181-182°, ir 1650 cm -1.
(7A).— As described previously,2b 2-naphthol was condensed with A n al. Calcd for C24Hi8BrNO; C, 69.24; H, 4 .36 . Found:
ammonia and benzaldehyde in 95%  ethanol. After recrystal- C, 69.47; H, 4 .50.
lization from 95%  ethanol, 7A (71%) had mp 144-145°, ir m-3-(p-Chlorcphenyl)-l-phenyl-2,3-dihydro-lH-naphth[l,2-e]- 
<w°'3 1650 cm -1 (lit.2b mp 148-150°). [l,3]oxazine (6A) resulted: microscopic, white needles (64% )

1 - (a-Aminobenzyl)-2-naphthol.— Using the reported proce- from benzene, mp 173°, ir j-“ ° ls 1660 cm “1 (lit.60 mp 158° for
dure,2b 7 was hydrolyzed with 20%  hydrochloric acid. After an optically active isomer).
recrystallization from ether-methanol l-(a-aminobenzyl)-2- A n al. Calcd for C24H i8C1NO: C, 77.52; H, 4 .88 . Found:
naphthol hydrochloride (85% ) had mp 196-198° dec (lit.2b mp C, 77.49; H , 4 .56.
190-220° dec). «s-3-(p-Isopropylphenyl)-l-phenyl-2,3-dihydro-lH-naphth-

The hydrochloride was decomposed in the usual w ay.2b The [1,2-e] [l,3]oxazine (8A) resulted: white needles (57% ) from
free base (98% ) had mp 120-122°; nmr 5.68 (broad hump, 2 H, 95%  ethanol, mp 134-135°, ir <v"xcii 1650 cm -1 (lit.6» mp 155-
NH2), 5.87 ppm (singlet, 1 H, methylidyne proton) (lit.2b mp 156° for an optically active isomer).
124-125°). A nal. Calcd for C27H25NO: C, 85.45; H, 6 .64 . Found: C,

Condensation of l-(a-Aminobenzyl)-2-naphthol with Aide- 84.96; H, 6.69. 
hydes.— To ca. 0.03 mol of the free base in 75 ml of warm 95%  «'s-3-(p-Dimethylaminophenyl)-l-phenyl-2,3-dihydro-lH-naph- 
ethanol was added a 10%  molar excess of the aldehyde in 50 ml of th[l,2-e] [l,3]oxazine (9A) resulted: yellow needles (58% ) from
warm 95%  ethanol. The mixture was allowed to stand at room ethylene chloride, mp 192-193° (lit.60 mp 219-220° for an op-
temperature overnight. The crystals which separated were tically active isomer).
collected by filtration and recrystallized to a constant melting A nal. Calcd for C26H24N2O: C, 82.07; H, 6 .36. Found: C,
point from an appropriate solvent. The reported yield was 81.57;  H,  6.06. 
calculated on the basis of the weight of material with the constant
melting point. A sample for elemental analysis was dried over- Registry No.— 3A, 2 4 6 0 9 -7 2 -1 ; 3B, 2 4 6 0 9 -7 3 -2 ;
night at 56° (0.02  mm) 4A, 2 4 6 0 9 -7 4 -3 ; 5A, 2 4 6 0 9 -7 5 -4 ; 6A, 2 4 6 0 9 -7 6 -5 ;

<us-3-(p-Nitrophenyl)-l-phenyl-2,3-dihydro-lH-naphth[ 1,2-e]- 2 4 finn_7 7 .fi. 6C  o4fin  ̂ 71 o . 7A o4fi0q 7 Q 7 -
[ 1,3]oxazine (3A) resulted: light yellow needles (88% ) from °~> ’ 7A’ ¿ 4 Ò 0 9 -/S - / ,
95% ethanol, mp 174-175° (lit.6b mp 196° for an optically 2 4 6 0 9 -7 9 -8 ; 7C, 2 4 6 0 9 -8 0 -1 ; 8A, 2 4 6 0 9 -8 1 -2 ;
active isomer). 8B, 2 4 6 0 9 -8 2 -3 ; 8C, 2 4 6 0 9 -8 4 -5 ; 9A, 2 4 6 0 9 -8 5 -6 ;

A nal. Calcd for C24H 18N 2O3: C, 75.38; H, 4 .74 . Found: C, 9C 2 4 6 0 9 -8 6 -7
75.24; H, 5.10. ’ ! ..................

c7s-3-(3,4-Dichlorophenyl)-l-phenyl-2,3-dihydro-lH-naphth- Acknowledgment.—This work was supported in part
il«2w 1 f’31°haZÌne (4A) Ì S Ì ted: microscopic' white needles by the American Cancer Society through an Institu-

A5 aLr0CalcTfo“ c X c i 2NO: C, 70.94; H, 4 .2 2 . Found: tional Cancer Grant (IN-25-K-5) to Vanderbilt Univer-
C, 71.34;  H,  4 .20 . sity for which we are very grateful.

Isolation of Prim ary Decomposition Products of Azides.
II. Azidopyrazoles1
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Variously substituted 5-aminopyrazcles have been converted into the azides, which lose nitrogen above room 
temperature to form red, monomeric products analogous to those from 5-azidotriazoles. The same or isomeric 
substances are formed by oxidations of 5-aminopyrazoles, along with variable quantities of 5,5-azopyrazoles.
Both are converted back into 5-aminopyrazoles by reducing agents, in some instances through an isolable open- 
chain /3-hydrazono nitrile. The overall behavior of the fragmentation products of 5-azidopyrazoles indicates a 
/3-azoacrylonitrile structure, which may equilibrate with a kinetically significant concentration of a cyclic form.
Whereas some of them are identical with the /J-azoacrylonitriles obtained by oxidizing the hydrazones of /3-keto- 
propionitriles, many are geometrical isomers, such as the product from l-phenyl-3-methyl-5-azidopyrazole, 
which is distinct from the known /3-phenylazocrotononitrile, into which it can be converted by acid, and from 
the “azipyrazole” of Michaelis and Schafer. The fragmentation product of l,4-diphenyl-5-azidotriazole can be 
reduced to l-phenyl-3-(a-cyanobenzyl)triazene, which then isomerizes to the 5-aminotriazole.

We recently reported2 the fragmentation of 5-azido- .ph ,Ph / ph
1,4-diphenyltriazole, which loses 1 mol of nitrogen at C N =C  N = C
temperatures above about 50° to form a deep red, II >50°> I 'c = N ~  3=* I U = N  (1)
monomeric compound (II), whose chemical and physi- N—N7 N =N /
cal characteristics suggested a mobile equilibrium in \ \  j
solution between an open-chain and a cyclic structure j ^
(eq 1). Most of the reactions of this substance involved nb
further loss of nitrogen, which added complications to
the investigation although at the same time giving interesting information. In order to reduce such

(!) Presented in part at the 153rd National Meeting of the American C om plications an d  to  gain  fu rth e r in fo rm atio n  ab o u t
Chemical Society, Miami Beach, Fla., March 1967. Address correspondence fr9;gITIGIlti8it/10Il products OI I16tiGrOCycIÌC 9jZ1(1GSj W© IlH<V6
to p . a . s . s. n o w  investigated the analogous pyrazole sys-

(2) P. A. S. Smith, L. O. Krbechek, and W. Resemanr., J .  Amer. Chem.
Soc., 86, 2025 (1964). t e m S .
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Results oxidized relatively slowly under the same conditions
and gave rise to both V and VI. The chemistry of the 

The analogous azidopyrazole (IV) was prepared from fragmentation products of the 1-p-tolyl and 4-p-chloro- 
the known3 5-amino-l,3,4-triphenylpyrazole (III). I t phenyl analogs of IV was completely parallel to that of 
decomposed in solution slightly above room tempera- triphenyl system. The permanganate oxidation of
ture, losing 1 mol of nitrogen, and forming a deep red ^ e  l-p-tolyl analog of III, however, gave only the
product (V) nearly quantitatively (Scheme I). The azoxypyrazole rather than the azopyrazole, whereas

phenyliodoso acetate gave, very slowly, the analog of V. 
Scheme I Three 5-azidopyrazoles bearing a methyl group in the

Ph ph p, p, 3 position [l-phenyl-3-methyl- (VIII), 1,4-diphenyl-3-
\__ I \  _  /  h Ph\__ / Ph methyl- (IX ), and l-phenyl-3-methyl-4-p-anisyl-5-azi-

j \  40-50° F ~ C\ ?t = \V_ M_ dopyrazole (X )] each gave rise to red substances
I /  N3 * CN •* _ + / N analogous to V in high yields at mild temperatures.

N“ N N N— However, oxidation of the corresponding /3-hydrazono
'  Ph I Ph nitriles gave substances isomeric with, but functionally

IV P^ Va similar to, the fragmentation products of the azides, and
ph v--------------------------------------------'  only in one case, the phenylhydrazone of a-anisyl-

Z1 \ \ >  i4o° acetoacetonitrile, was any of the fragmentation isomer
\ ^  xm  formed as well.

\ , ,  M. Azide VIII lost nitrogen to form a red substance, mp
\ mo° ' 41 23 5 61°, whose nmr and ultraviolet spectra were distinct
\ HCN from, although similar to, those of the oxidation prod-
\ uct, mp 81°, of the phenylhydrazone of acetoaceto-
\ nitrile. These isomers could not be interconverted by
* heating in various solvents, but brief exposure of the

Ph ph 61° compound to hydrochloric acid converted it to the
I___/  81° compound. The small differences in their spectra

V - nh. * = =  n= N — \ I are consistent with their formulation as geometrical
N_ N/  2 [H] /  ' n-N isomers (X I and X II). Permanganate oxidation of

\  1 i I 5-amino-l-phenyl-3-methylpyrazole gave the azo dimer
Ph ph Ph accompanied by products of more deep-seated changes,

HI VI which were not further investigated. Oxidation with
hydrogen peroxide in acetic acid gave only the oxyge- 

infrared spectrum of V in concentrated solution showed nated dimer reported by Searles and Hine.4 In hydro- 
only a very weak nitrile band at 2150 c m -1. chloric acid, oxidation by peroxide gave instead 4,4-di-

The same substance, V, was obtained by treating the chloro-3-methyl-l-phenylpyrazol-5-one, and oxidation
amine (III) with oxidizing agents, such as dilute
aqueous permanganate; the equivalent of two hydrogen q j
atoms was consumed. The formation of V by per- i i  A \  / K
manganate oxidation was always accompanied by a yel- II /  Na
low substance (VI) having the same analysis; under N—N N CM
certain conditions, notably in solutions of low acidity, ^Ph Jj
V I was overwhelmingly the major product. Molecular VIII R = H /
weight determinations were only approximate, owing to IX, R = Ph Ph
the low solubility of VI, but indicated a dimer of V. X, R = p-CH:)OC6H, XI
Both V and VI could be reduced to the original amine in
high yield, but V was not converted to VI under the pi, [01 NV _ n / /
conditions of the oxidation experiments. The infrared CH3CCH2CN J Z
spectrum of VI was similar to those of III and IV and X ¥  H
was compatible with an azopyrazole structure. |

Although reduction of V ordinarily gave back the NHPh /
aminopyrazole III, with sodium dithionite an inter- ph
mediate stage could be isolated. When the reactants
were mixed in aqueous alcoholic solution at room with N-bromosuccinimide in the presence of pyridine
temperature, the red color of V disappeared at once. If 2-bromo-3-phenylazocrotononitrile. The cleanest
the solution was drowned m water promptly, a colorless oxidation was with phenyliodoso acetate, which gave X I
solid was precipitated whose melting behavior indicated in hi h yield. In no case were we able to detect forma-
a mixture, and whose infrared spectrum was consistent tion of the phenylazocrotononitrile of mp 109° reported
with an open-chain d-hydrazono nitrile structure, VII, by gearles and ffine4 and Michaehs and Schafer.3 The
contaminated with III. On standing, this product was therrilolySis product of IX  and the oxidation product
converted completely to III. of the phenylhydrazone of a-phenvlacetoacetonitrile

The crude /3-hydrazono nitrile VII was oxidized back ghowed similar differences. 
to V (free of VI) very rapidly by treatment with
N-bromO.SUCCinimide. The cyclic isomer, III, was (4) s, Searles, Jr ., and W. R. Hiñe, Jr ., J .  Amer. Chem. Soc., 79, 3 1 7 5

(1957).
(3) R . Walter and P. G. Schickler, J .  Prakt. Chem., [II] 65, 305 (1897). (5) A. Michaelis and A. Schafer, Ann., 397, 119 (1913); 407, 234 (1915).
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The p-methoxy analog of IX , l-phenyl-3-methyl-4- Discussion
p-anisyl-5-azidopyrazole (X ), gave a single product . . . , ,
upon thermolysis, which could be reduced to the . f  I°reS°JnS results show that decomposition of
phenylhydrazone of a-anisylacetoacetonitrile. Oxida- 5-azidopyrazoles and 5-azidotriazoles results in frag- 
tion of the phenylhydrazone gave a mixture of two mentatio nwith ring opening to form nitriles such as Vb,
isomers, the nmr spectrum of which corresponded to a . observations that the first stage in
that of the product from thermolysis of the azide plus reduction has an open-chain structure, which is more
an isomer in smaller amount with methyl resonances easi x  reoxidized than is the cyclic tautomer (e.g., I ll) ,
slightly shifted from those of the other in the ratio 3 :1 . neutralize the earlier argument that exceptionally easy

In none of the foregoing three systems could inter- reduction to cyclic products implied the electronically
conversion of the isomeric products be observed under sta^,lllz1ed> cyclic, singlet mtrene structure (Va, etc.),
the conditions of the thermolyses or oxidations. The On the other hand, dimerization of the fragmentation 
/3-hydrazono nitriles, however, readily cyclized to the products upon heating is not so simply reconciled with
aminopyrazoles. No conditions could be found that an open-chain structure and is best explained by
would accomplish partial reduction to the intermediate equilibration with a significant (although perhaps
hydrazopyrazole stage Quite sma11) concentration of the cyclic, mtrenoid form

Although the fragmentation product V did not show such as Va‘ The structure of the dimers as symmetrical 
detectable conversion to the azo dimer VI under the azo compounds is well supported by spectrographic 
experimental conditions used to produce V and/or VI, between, *hem and compounds of known
other ways to bring about such a conversion were ^ ° } e  (or Jtr:azo,e) struct,f e’ by the fact that, when
found. Heating at temperatures below 100° left V allPhatl(l f ot° ns are Present’ a symmetrical dimer is
unchanged, and heating at 170° formed X III , C41H29N6 b£  the f mr and bx the observation
(dimerization with loss of hydrogen cyanide, a study that tbe chemistry of the dimers parallels that of
that will be reported separately), but heating under aromatic azo compounds. _
vacuum at intermediate temperatures, such that TTTXhe observations on oxidation of the amines (e.g.,
sublimation took place, converted V slowly and in- m > aad hydrazono nitriles (e g., VII) raise two im-
completely to its azo dimer (with concurrent formation ? ortant ^ “ tions: whx ™  c moniomenc Pr?.ductsf
of some X III) . The fragmentation products of the m some cases isomeric with those from fragmentation of
other triaryl-5-azidopyrazoles also dimerized under the corresponding azides and how did the dimeric
these conditions. In another investigation, dealing Products arise under conditions where the monomers
with the reaction of Grignard reagents with V and were S abJc? l  hree explanations of the first question
analogs, dimerization was also encountered quite su^ e+st themselves. One possible answer, that the
unexpectedly. Treatment of V with phenylmagnesium f ndll(f S of the ox!dat\on experiments were sufficient
bromide (among others) resulted in rapid reaction to catal>'ze conversion to a more stable geometrical
(change of color, qualitative disappearance of Grignard 1S0m+er’ “  not. Tbe oxidations were for the
reagent); work-up produced the azo dimer VI in high most part carried out m neutral or mildly basic media in
yields. The function of the Grignard reagent in this which the isomers, such as X  and X I , were observed to
conversion has not been fullv elucidated, but it is not be Pmte stabl" to ^ c o n v e rs io n ,
reduction followed by oxidation by air. Treatment A more likely explanation is a consequence of the fact 
with strong sodium hydroxide solution also caused that the geometry about the « ^  carbon-carbon bond m
dimerization /8-hydrazono nitriles is not fixed as it is in the cyclic

The isolation of /3-hydrazono nitrile intermediates in tautomers. The geometry of the oxidation product,
the reduction of V and its analogs was found to be whether kinetically or thermodynamically determined,
paralleled by the reduction of the fragmentation £eed ^ t  then be the same as that from the azide

j , /m  u i  ■ 1 T  , j  r  Rmg-cham tautomensm m certain ammo azoles is wellproduct (II) of the azidotnazole I which we had earlier J , . .  . ., . , ,  , ,, , .,
, , ,  /  u • c , • , established,6 and it is reasonable to assume that it canobserved2 to result m formation of the aminotnazole ™ , , ,, , . ,/v ln  m . . /. Tt j-  j . . , .  ■, , occur with the ammo pyrazoles. ih e  fact that oxida-(XV). Treatment of II with sc dium dithionite under . , . . , , , ,  ,

the same mild conditions as used with V formed a 10la °  vtbe open-chain forms is demonstrably much
highly labile, colorless, crystalline substance isomeric ast+er tbaa 0Xl‘datl^  of tbe f cllC tautomef  f  conf -
with the aminotriazole XV , to which it could be isom- f nt Wlth J e  hypothesis that ring opening to the /3-hy-
erized. This substance was easily oxidized back to II drazono mtnl® structure may Precede the 0Xldatl0n steP
and must possess the triazene structure X IV  or a or ammo azo_es. , ,
, , f  Lastly, oxidation may proceed m two stages through
i.aUt.o.uiv,i au..un. an amino radical (XVI) which may also undergo ring-

/P h  chain tautomerization before further oxidation to the
Na2s2o, if- \  isolated product. This possibility provides an ex-

II < -  PhNHN=NCHPhCN *■ | J  NHZ planation for the second question. Dimerization of
XIV N-N amino radicals to form hydrazopyrazoles (XV II) (or

I hydrazotriazoles) provides a reasonable route to the
Ph observed azo dimers.7 Further oxidation of the amino

XV radicals would, cf course, be competitive with dimeriza-
5-Amino-l,4-diphenyltriazole (XV) was also found to tion and would be influenced by conversion to their 

undergo oxidation in a manner analogous to the amino­
pyrazoles. The azo dimer predominated in oxidation (6) F°r example, see F. R. Benson, “Heterocyclic Compounds,” Vol. 8,
i  ̂ , ,i . j  j • • j- i  R. C. Elderfield, Ed., John Wiley and Sons, Inc., New York, N. Y., 1967,by permanganate, the amount depending on the acidity p 63
of the medium. (7) L. Horner and J. Dehnert, B er ., 96, 786 (1963).
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conjugate acids with the result that the proportion of trans-azo configuration and consequently must have the
monomer to dimer in the products would vary with the methyl group cis to the cyano group (X II). Isomeri-
oxidation conditions, as observed. An alternative zation of X I  to X II  would reduce interference and
explanation is that the azo compounds may arise by lower energy only when R  =  H; it is thus understand-
reaction of a nitroso compound with unchanged amine able that only in this instance was isomerization

observed. The “azipyrazole” of Michaelis, which 
R ?  r Searles and Hine4 have convincingly deduced to be a
I ft__ ___J j /3-phenylazocrotononitrile, would then h ave to  have a
\ — nh2 121*- \ — NH- =s=± R C = C C = N  cfs-azo configuration.

N-N I There is no compelling reason not to accept a con-
; J I I -N— NH certed fragmentation process for thermolysis of the

Pft Ph | foregoing 5-azido azoles to unsaturated nitriles, but it
XVIa Ph should be noted that the bicyclic azirine structure as-

XVIb signed to “azipyrazole” by Michaelis and Schäfer6 is
XVIb XVIa analogous to the cyclohexadienoazirine that has been

[ov \  r ft proposed as an intermediate in certain reactions of
[0]) /  | | arylnitrenes,10 perhaps in equilibrium with the singlet

[0] R _ I V _  — /  r R nitrene.
RC— CRCN -  )  NH NH ^ A number of examples of the analogous opening of

I  N—N N-N pyrazole, indolizine, and pyrrolopyrimidine rings by an
N NPh I I alternative nitrene-forming reaction, deoxygenation of

nitro and nitroso azoles, have recently been reported.11
yv VII

(Mills reaction) as demonstrated by Konaka, Koruma, Experimental Section12
and Terabe for basic oxidation of primary arylamines.8
This path would not, of course, be available in thermol- -p-Chlorophenylbenzoylacetomtrde was prepared by adding 

. %  . . i , ,  £ , ,, , 8 g of potassium i-butoxide to 10 g of ethyl benzoate and 10 g
ysis of azides. Although th e  fact that no nitroso 0f ^.Qhiorophenylaeetonitrile in 50 ml of dimethylformamide.
compounds or derived oxygenated functional groups After the initial exothermic reaction, the mixture was stirred
could be detected with most of the amines does not for 2 hr and then poured into ice water with stirring. After
encourage the view that nitroso compounds are involved extraction of insoluble material with ether, the aqueous solution

m  ou r oxid ation s (w hich w ere m o stly  ca rried  o u t m  mp 10()O_ kecrxsta.Uiza.fion from aqueous ethanol gave an
n e u tra l to  acid ic  m e d iu m ); th e  fa c t  t h a t  one exam p le  analytical sample, mp 102-104°.
(l-p-tolyl-3,4-diphenyl-5-aminopyrazole) did give an A nal. Calcd for Ci5Hi0C1NO: C, 70.49; H, 3.94; N, 5.45. 
azoxy compound demands that involvement of a Found: C, 70.63; H, 4 .04; N, 5.39.
nitroso intermediate be taken seriously. Unfortunately, «-P-Anisylacetoacetonitrile.-This substance was prepared m 
(1 ■. i , . , « 60%  yield from p-amsylacetomtrile and ethyl acetate in dimethyl-
the mtrosopyrazoles could not be prepared for m- formamide solution in the presence of 1 equiv of potassium
vestigation, but in other situations it has been shown8 ¿-butoxide, as described for the foregoing compound. I t  formed
that azoxy compounds may arise from N-hydroxyhy- cream-colored needles, mp 83-85°.
drazine intermediates in the Mills reaction. A nal. Calcd for CuHnNCh: C, 69.82; H , 5 .86 ; N, 7 .40.

The two isomeric, orange-red /3-phenylazocrotononi- ^ ^ o p y r n z o f e s .  ’5-Amino-3 ,4-di'phenyl-l-?)-tolylpyrazole.--
tnles that we have obtained, mp 61 and 81 , do not An aqueous solution of 5.0  g of p-tolylhydrazine hydrochloride
correspond with the one obtained by Searles and Hine,4 was added to a warm solution of 7.5 g of a-benzoylphenylaeeto-
mp 109°, “ivory” in color from the peroxide oxidation nitrile in 100 ml of glacial acetic acid, and the mixture was
of l-phenyl-3-methyl-5-aminopyrazole followed by sub- heated on a steam bath for 25 hr. Drowning the mixture in 300

,. , .  ■ , ,. c . .. ml of ice-cold water precipitated 7.0 g (65% ) of the pyrazole.
hmation and from oxidation of acetoacetomtrile RecrystalUzation fro£  chloroform-ethanol mixture gave an
phenylhydrazone, and which they felt to be the same as analytical sample, pale yellow needles, mp 183-185°.
“azipyrazole” obtained by Michaelis and Schäfer.6 A nal. Calcd for C22H 19N3: C, 81.20; H, 5 .89 ; N, 12.91.
Since we were not able to obtain this substance by any Found: C, 80.96; H, 6 .11; N, 12.76.
procedure, we have not been able to compare it with 5-Amino-4-p-anisyl-3-methyl-l-phenylpyrazole was prepared in 

, . rru <> m  o • it a similar manner, colorless needles, mp ld 7-lo 9  .
our substances. The isomer of mp 8 1  is presumably AnaL Calcd {or ClvH „N 30 :  C, 73.09; H, 6 .13 ; N, 15.04.
the same one reported by Quilico and coworkers9 and Found: C, 72.85; H, 6.03; N, 15.02.
also obtained by Searles and Hine. It sublimed un- 5-Amino-4-p-chlorophenyl-l,3-diphenylpyrazole, mp 149-150°, 
changed without detectable conversion to the sub- was also prepared in this way.
stance of mn 109° There are of course four Dossible A n al. Calcd for CUIhiNsCl: C, 72.93; H, 4 .66 ; N , 12.15; stance 01 mp iuy . m ere are, 01 course, lour possmie C1> 10 26 Found: c> 73.05; H> 4 .64; N , 12.io; Cl, 10.26.
g e o m etrica lly  isom eric /3-p h enylazocrotonom triles, w hose 5-Azido-l,3,4-triphenylpyrazole.— Benzoylphenylacetonitrile
electronic spectra would vary with the effectiveness of was treated with phenylhydrazine to obtain 5iam ino-l,3,4-
co n ju g atio n . triphenylpyrazole, mp 168-169°, originally reported3 as the

The isomer obtained from the azide must have a phenylhydrazone of the keto nitrile, mp 169°. Diazotization of

trans-azo configuration with the methyl group trans to (10) R. A. Abramovitch and B. a . Davis, Chem. Rev., 64, 149 (1964).
the cyano group (X I) as fixed by the ring structure (U> (a) J - B - W r i«h t ' J - 0 r ° -  c h e m .. 3 4 , 2 4 7 4  (1969); (H) w . j . ir w in
r. l n- ,1 • r and D. G. Wibberley, Chem . C om m un., 878 (1968); (c) H. Dounehis, doc-
from which it is derived. Since the isomer of mp 81 is torai dissertation, University of Michigan, lees.
thermodynamically more stable, it, too, must have the '.12) Melting points are corrected. Infrared spectra were taken on a

Perkin-Elmer Model 237B instrument. Nmr spectra were determined with
(8 ) R. Konaka, K. Koruma, and S. Terabe, J .  A m er. Chem . S oc., 90, 1801 a Yarian Model A60 instrument. Ultraviolet spectra were measured with

(1968). a Cary Model 11 spectrophotometer. Mieroanalyses were performed by
(9) A. Quilico and R. Justoni, R end. Is t . L om b. S ei. Lett., 69, 587 (1963); Spang Microanalytical Laboratories, Ann Arbor, Mich., and Micro-Tech

A. Quilico, R. Fusco, and V. Rosanti, Gazz, C him . I ta l . , 76, 30 (1946). Laboratories, Skokie, 111.
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T a b l e  I
5 - A z id o p y p .a z o l e s  and T h e i r  T h e r m o l y s i s  P r o d u c t s

/-----------------------------Thermolysis product-------------------------- ,
5-Azidopyrazole Mp, °C Yield, % Mp, °C Color

l-Phenyl-3-methyl“ (a) Oil 50'' 5 9 .5 -6 1  Deep red
l-p-Tolyl-3,4-diphenylc (b) 110 dec 87* 135-137 Red
l,4-Diphenyl-3-methyle (c) 73-74 dec 6 0 ' 102-104 Deep red
l-Phenyl-3-methyl-4-p-

nitrophenyl0 (d) 108 dec 88* 167-169 Bronze-red
1.3- Diphenyl-4-p-chlorophenyl° (e) i  157-158 Red
l-Phenyl-3-methyl-4-p-anisyl1' (f) 801' 126-127 Red
1.4- Diphenyl0 (g) 68-69 dec 90* 100 Garnet

“ Accompanied by 10-15%  of l-phenyl-3-methyl-4-nitroso-5-aminopyrazole, mp 202° (lit. 200°), and not obtained pure. * Nmr
(CDC13) S 2.13 ppm (C -C H 3); uv max (ethanol) 323 (e 38,900), 238 (3000) and 232 mM (3000); ir (Nujol) 2220, 1820 (w), 1620, 1595, 
1585,1485 c m -1. Anal. Calcd for C10H 9N3: C ,7 0 .1 5 ; H, 5.30; N, 24.55. Found: C, 70.40; H, 5.40; N, 24.60. ‘ Anal. Calcd 
fo rC 22H „N 5: C, 75.19; H, 4.88; N, 19.93. Found: C, 75.25; H, 5.06; N, 19.79. Yield, 80% . dNmr (CDC13) S 2.40 (s, 3), 7 .0 -7 .6  
(m, 12), 7.77 (s, 1), and 7.92 ppm (s, 1); ir (Nujol) 2230 (w) 1610, 1595 (w), 1575 (w) cm "1. Anal. Calcd for C22H 17N3: C, 81.71;
H, 5.30; N, 13.00. Found: C, 81.63; H, 5.37; N 13.06. e Attempts at recrystallization resulted in decomposition; estimated yield 
60% . > Based on amine. Nmr (CCU) 5 2.33 (s, 3), 7.3-7.7 (m, 8 ), and 7.9-8.2 ppm (m, 2); ir (Nujol) 2210, 1575-1600, 1445, and 1430 
cm-1. Anal. Calcd for C16H13N3: C, 77.71; H, 5 30; N, 16.99. Found: C, 77.62; H, 5.44; N, 16.91. g Not purified or analyzed.
* Based on amine. Nmr (CDC13) 5 2.20 (s, 3), 7.4-S.4 (m, 7), 8.25 (s, 1), and 8.4 ppm (s, 1); ir (Nujol) 2220 (w), 1610, 1600, 1520- 
1530,1410 c m -1. Anal. Calcd for Ci6Hi2N46 2: C, 65.75; H, 4.14; N, 19.17. Found: C, 65.82; H, 4.21; N, 19.10. >'Ir (Nujol) 
2220 (w), 1595, 1490, 1445, 1435 cm "1. Anal. Calcd for CjiH uNsCI: C, 73.35; H, 4.11; N, 12.22. Found: C, 73.34; H, 4.13; 
N, 12.16. >' Based on amine. Nmr (CDCI3) S 2.25 (s, 3, C -C H 3), 3.81 (s, 3, O-CHs), 6.87 (s, 1), 7.03 (s, 1), 7 .3-7 .7  (m, 5), and 7.05-
8.05 ppm (m, 2); ir (Nujol) 2220, 1610, 1590, 1515, 1420 c m -1. Anal. Calcd for C„H 16N30 :  C, 73.63; H, 5.45; N, 15.15. Found: 
C, 73.59; H, 5.47; N, 15.17. * Based on amine. Anal. Calcd for C15HuN3: C, 77.24; H, 4.76; N, 18.02. Found: C, 77.36; H, 
4.82; N, 18.00.

I .  56 g (0.01 mol) of amine dissolved in 100 ml of concentrated with resolidification at ca. 100° and remelting at 168-169° (mp
hydrochloric acid with the help of ca. 25 ml of glacial acetic acid of amine I I I ) ; ir (Nujol) 3300 (s) (NH) and 2200 (s) ( -C = N )
was accomplished by adding a concentrated solution of 0.38 g of cm -1 . All attempts at purification by recrystallization or
sodium nitrite all at once to the chilled solution, which became sublimation gave only amine II I , and the spectrum of freshly
red. After 15 min, a little urea was added, followed by 0 .4  g prepared solutions corresponded to a mixture containing 50%  or
of sodium azide dissolved in a little water; some gas was evolved more of amine II I . Thin layer chromatography showed two
slowly. Addition of water in portions (total ca . 5C ml) precipi- components, one of which was amine III and the other a more
tated a cream-colored, crystalline substance. The mixture was mobile substance. Treatment of the crude reduction product
filtered after 3 hr and the solid was washed with water; wt 1.55 with 1.3 mol equiv of N-bromosuccinimide and twice its weight
g (89% ), mp 90° with gas evolution and formation of a red melt. of pyridine in methylene chloride resulted in immediate formation
Recrystallization from cold acetone by addition of water gave of a deep red color. Evaporation of the solvent, extraction of
an analytical sample: mp 93-96° dec; ir (Nujol) 2128, 2080 (w) the residue withether, washing of the ether with dilute hydro-
cm _1 (—N3) . chloric acid and with water, drying, evaporating, and crystallizing

A nal. Calcd for C2iHi5N6: C, 74.76; H, 4 .48 ; N, 20.76. from ethanol gave pure V, mp 150°; no dimer (VI) could be 
Found: C, 74.80; H, 4 .20 ; N , 20.70. detected.

The other 5-azidopyrazoles were prepared similarly; they are Thermolysis of V.— A flask containing 100 mg of V was re­
listed in Table I . peatedly evacuated and flushed with nitrogen, after which the

Thermolysis of 5-Azido-l,3,4-triphenylpyrazole.— A solution of pressure was reduced to 20 mm and the vessel was heated at
1.19 g of the azide in 30 ml of ligroin was heated near the boiling 140° for 18 hr. When the cooled residue was stirred with acetone
point for 30 min. The blood-red solution deposited clusters of and then filtered, 15 mg (15% ) of VI, mp 269°, was obtained,
deep red needles of V on cooling; they were collected by filtration Addition of water to the filtrate precipitated a red substance
and washed with light petroleum ether: wt 1.C0 g (96% ); (X III ) , the major product, in varying but substantial yields,
mp 140-141 ° after partial liquefaction and resolidification over Recrystallization from aqueous acetone gave an analytical sample
the range 125-135°; uv max (hexane) 359 npi (e 2.13 X  104); as bright red plates: mp 149-151°; uv max (ethanol) 262 mp
ir (Nujol) 2220 (w), 1610 (w), 1595 (w), 1570 (w), and 1305 (e 17,000), 387 (7000), 430 (shoulder, 5000).
cm -1; nmr (CDC13) 5 8.7 (m, 13) and 9.45 ppm (m, 2 ). An A nal. Calcd for C41H29N5: C, 83.22; H, 4 .94 ; N, 11.84;
analytical sample recrystallized from isopropyl alcohol had mp mol wt, 591.68. Found: C, 83.07; H, 4 .79 ; N , 12.11; mol wt 
141-142° (softened 125-130°). (mass spectroscopy), 591.

A nal. Calcd for C21H 15N3: C, 81.53; II, 4 .89 ; N, 13.58. Similar results were obtained from experiments in which the 
Found: C, 81.78; H , 4 .95 ; N, 13.50. residual atmosphere was oxygen instead of nitrogen. At higher

The thermolysis products of the other 5-azidopyrazoles are temperatures (e.g ., 145°), no VI was produced, and the only
listed in Table I . product was X II I  in yields up to 80% ; at lower temperatures,

Reduction of V. A. With Mercaptoacetic Acid.— A suspen- little or no reaction occurred in a reasonable time,
sion of 0.35 g of V in 6 ml of isopropyl alcohol was mixed with 0.3 Similar results were obtained with the 1-p-tolyl analog of V
ml of 80%  aqueous mercaptoacetic acid. The red color disap- (the thermolysis product of l-p-tolyl-3,4-diphenyl-5-azidopyra-
peared in a few moments after slight warming was applied without zole) which at 115° gave rise in 20%  yield to the azopyrazole
apparent gas evolution. Filtration of the cooled mixture left dimer. At temperatures of 130° and above, this substance was
pale, cream-colored crystals of amine III  which were washed with not detected; instead, a red compound was formed, analogous
methanol, wt 0.19 g (55% ), mp 168° (undepressed by an au- to that from the triphenyl derivative: mp 170-172°; uv max
thentic sample). From the filtrates, a further 0.11 g was ob- (ethanol) 251 m^ (« 15,000), 356 (6000), 380 (shoulder,
tained (total yield 85% ). 3500).

B. With Sodium Dithionite.—When samples of V were A n al. Calcd for C43H 33N5: C, 83.33; H, 5 .37 ; N, 11.30.
shaken in ethereal solution with aqueous sodium dithionite, the Found: C, 83.32; H, 5 .31; N, 11.41.
red color took nearly 30 min to disappear, and the product ob- Reaction of V with Sodium Hydroxide.— A suspension of 500
tained was amine II I . When 0.3 g of V was dissolved in 50 ml mg of V in 25%  sodium hydroxide solution was overlaid with
of ethanol and added all at once to 50 ml of a concentrated tet.rahydrofuran and allowed to stand for 20 hr. The residual
aqueous solution of sodium dithionite, the color disappeared at solid was collected and extracted with warm ethanol which left
once. The resulting mixture was immediately poured into 250 50 mg (10% ) of the dimer VI, mp 270°. The filtrate deposited
ml of cold water (total elapsed time ~ 3 0  sec), and the off-white crystals of 5-amino-l,3,4-triphenylpyrazole on cooling, wt 200
precipitate was filtered off and washed with water: mp 6 0-80°, mg (40% ), mp 17C°.
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Oxidation of Aminopyrazoles.— The various aminopyrazoles C. With Hydrogen Peroxide and Hydrochloric Acid. To a
were oxidized in a manner similar to the experiments described solution of 2.00 g of 5-amino-3-methyl-l-phenylpyrazole in 15
here for the representative example, 5-amino-l,3 ,4-triphenyl- ml of concentrated hydrochloric acid was added 3 ml of 30%
pyrazole (III) . A solution of 0.50 g (1.6 mmol) of II I  in 10 ml hydrogen peroxide. Heat was evolved and a yellow oil separated,
of benzene was stirred briefly with a solution of 0.20 g (1.25 mmol) After 2 hr of heating on a steam bath, the mixture was diluted
of potassium permanganate in 10 ml of water; no visible reaction with water and extracted with ether. Concentration of the ex-
took place until ca. 1 ml of glacial acetic acid was added, where- tracts left an oil which crystallized on standing. Two recrystal-
upon the benzene layer gradually became vermilion, and a lizations from aqueous ethanol gave 0.35 g (12% ) of yellow
sludge of manganese dioxide formed. After 18 hr, the mixture prisms of _ 4,4-dichloro-3-methyl-l-phenylpyrazol-5-one: mp
was filtered, and the filter cake was washed well with hot benzene. 61 .5-63° (lit.13 mp 65°); nmr (CDCb) 8 2.30 (s, 3) and 7 .1 -8 .0
The combined benzene solutions were washed with water, filtered ppm (m, 5).
through cotton, and evaporated, leaving a vermilion powder, A nal. Calcd for CioHsNjChO: C, 49.42; H, 3 .29 ; N , 11.53.
wt 0.41 g (82% ), mp 214-218°. Washing with boiling iso- Found: C, 49.12; H, 3 .25 ; N, 11.44.
propyl alcohol removed the red color and left a bright yellow D. With NBS.— A mixture of 3.0 g of N-bromosuecinimide
powder, mp 269-270°. Recrystallization from benzene or glacial and 1.0 g of 5-amino-3-methyl-l-phenylpyrazole dissolved in 80
acetic acid gave an analytical sample of V I: mp 271-272°; ml of methylene chloride and 2 ml of pyridine was stirred for 2
nmr (CF3COOH) 8 8 .3 -9 .3  ppm (m ); ir (Nujol) 1650, 1600, and hr, during which time it became red. W ater was added, and the
1500 cm -1. heavy layer was washed with water, dried, and evaporated.

A n al. Calcd for CisHsoNe: C ,8 1 .5 3 ; H, 4 .89 ; N, 13.59. Crystallization of the red residue from aqueous ethanol gave 0.40
Found: C, 81.13; H, 4 .84 ; N, 13.85. g (28% ) of red plates of 2-bromo-3-phenylazocrotononitrile: mp

A similar experiment in which the reaction medium was 30 ml 73—76°; nmr (CDCI3) 8 2.25 (s, 3) and 7.2—7.9 ppm (m, 5).
of 5%  of sulfuric acid and 10 ml of acetone produced VI in 30%  A nal. Calcd for CioHsNaBr: C, 48.01; H, 3 .22 ; B r, 31.96. 
yield and V in 10% yield (separated by extracting the latter with Found: C, 47.97; H, 3 .32; B r, 31.89.
chloroform or benzene and recrystallizing from 2-propanol). E . With Phenyliodoso Acetate.14—A solution of 0.40 g of
The actual yield of V was presumably somewhat higher for there phenyliodoso acetate in 15 ml of methylene chloride was added
were evident losses in separation. Experiments carried out in dropwise to a solution of 0.22 g of the aminopyrazole in 15 ml of
glacial acetic acid gave VI in approximately 80%  yields ac- methylene chloride with ice-cooling, and the resulting orange
companied by ~ 5 %  of V. The addition of about 2 ml of 2%  mixture was stirred overnight. The solution was washed with
sulfuric acid per gram of amine accelerated the disappearance of sodium bicarbonate solution and water, and concentrated at the
the permanganate color and caused small increases in the yield aspirator. The residual red oil crystallized over 2 days to give
of V at the expense of V I. massive red prisms of phenylazocrotonitrile: mp 61-62° unde-

Oxidation of 5-amino-4-p-chlorophenyl-l,3-diphenylpyrazole in pressed with the thermolysis product of 5-azido-3-methyl-l- 
a similar manner gave orange-yellow 4,4'-bis-p-chlorophenyl- phenylpyrazole; ir spectra superimposable; wt 0.16 g (70% ). 
l,l',3,3'-tetraphenyl-5,5'-azopyrazole in 70%  yield: mp 282°; Oxidation of 5-Amino-3,4-diphenyl-l-p-tolylpyrazole. A. With 
ir (Nujol) 1600, 1545, 1500, 1420 cm -1. Permanganate.— A solution of 1.0 g of the aminopyrazole in 50

A n al. Calcd for C^HmCbNe: 0 ,7 1 .7 2 ;  H, 4 .10 ; N, 12.25. ml cf glacial acetic acid was titrated with 4%  aqueous potassium
Found: C, 72.02; H , 3 .95 ; N, 12.01. permanganate until the purple color persisted, whereupon the

Similarly, oxidation of 5-amino-l ,4-diphenylpyrazole in mixture was diluted with 200 ml of water and treated with enough
glacial acetic acid gave l,l',4,4'-tetraphenyl-5,5'-azopyrazole, 2%  aqueous sodium bisulfite to destroy the precipitate manganese
orange needles, in 60%  yield: mp 209-211°; nmr (CDC13) 8 dioxide. The residual yellow solid (0.78 g, 75% ) was recrystal-
7.25 (s, 10) and 7.72 ppm (s, 1). lized from chloroform-ethanol mixture to give an analytical

A n al. Calcd for C3oH22N6: C, 77.23; H, 4 .75 ; N, 18.02. sample of l,l'-bis-p-tolyl-3,3',4,4'-tetraphenyl-5,5'-azoxypyra-
Found: C, 77.01; H, 4 .94 ; N, 18.06. zole: mp 293-295°; ir (Nujol) 1605 (w), 1540 (w), 1520 (azoxy

5-Amino-3-methyl-4-p-nitrophenyl-l-phenylpyrazole in glacial N = N ?) cm -1, 
acetic acid when treated with aqueous potassium permanganate A n al. Calcd for CifiHANeO: C, 79.73; H, 5 .17 ; N, 12.68. 
at ambient temperature gave 4,4'-bis-p-nitrophenyl-3,3'-di- Found: C, 79.45, 79.83; H, 5.07, 5 .00 ; N, 12.46, 12.65.
methyl-1 ,1 '-diphenyl-5,5 '-azopyrazole, orange needles, in 40%  B. With Phenyliodoso Acetate.— A solution of 52 mg of the
yield: mp 278-280°; ir (Nujol) 1605, 1525, 1505, 1355 cm-1 . aminopyrazole and 52 mg of phenyliodoso acetate in 20 ml of

A n al. Calcd for C32H24N8O4: C, 65.75; H, 4 .14 ; N, 19.17. methylene chloride was stirred for 19 hr at ambient temperature;
Found: C, 65.57; H, 4 .11 ; N, 19.20. it became orange. Concentration on a steam bath left a ver-

Oxidation of 5-Amino-3-methyl-l-phenylpyrazole. A. With milion oil containing a few crystals; trituration with light
Permanganate.— A solution of 0.50 g of the amine in 40 ml of petroleum ether left 35 mg of crude starting material, mp 173-
glacial acetic acid and 20 ml of chloroform was titrated with 181°. Concentration and refrigeration of the filtrate yielded red
aqueous potassium permangante and was then diluted with water crystals: w t ,4 m g (1 2 % ); mp 138-140°; ir identical with that of
and extracted with chloroform. The extracts were concentrated the thermolysis product of the azide.
to a yellow-brown oil after washing successively with solutions Under the same conditions, 5-amino-l,3 ,4-triphenylpyrazole
of sodium bicarbonate, sodium bisulfite, and sodium chloride. ( I l l )  gave the corresponding product (V) in 95%  yield in only
Trituration with methanol gave 100 mg (21% ) of 3 ,3 '-dimethyl- 1.5 hr, and 5-amino-4-p-chlorophenyl-l,3-diphenylpyrazole gave
1,1 '-diphenyl-5,5 '-azopyrazole, yellow needles: mp 205-206° the corresponding a-p-chlorophenyl-d-phenylazocinnamonitrile in
after recrystallization from ethanol; nmr (CDCI3 ) 8 2.37 (s, 3) 90%  yield after 18 hr.
and 6.32 ppm (s, 1). Oxidation of 5-Amino-1,4-diphenyltriazole.— A 4%  aqueous

A n al. Calcd for C2oHi8N6: C, 70.15; H, 5 .30; N, 24.55. solution of potassium permanganate was added to a solution of
Found: C, 70.14; H , 5 .24; N, 24.58. 1.0 g of 5-amino-l,4-diphenyltriazole in 30 ml of glacial acetic

When the oxidation was attempted in a mixture of glacial acid until the permanganate color persisted. Sodium bisulfite
acetic acid and acetone, or in 5%  aqueous sulfuric acid, only was added to dissolve the manganese dioxide, and the mixture
reddish oils and gums were obtained, sometimes accompanied by was then diluted with much water, precipitating a brown ma-
up to 5%  of the substance C20H 19N5O2, mp 228-229°, obtained terial. The precipitate was collected and washed and taken up
by Searles and Hine4 from oxidation with hydrogen peroxide. in chloroform, from which red needles of l,l',4,4'-tetraphenyl-
The infrared spectra of the oils and gums were consistent with 5,5'-azotriazole, mp 226-228°, slowly formed after addition of
mixtures of this substance and the foregoing azopyrazole. ethanol, wt 0.30 g (30% ). The mother liquors yielded only brown

B . With Hydrogen Peroxide.— Treatment of 2.00 g of the gum on evaporation, 
aminopyrazole in 15 ml of 50%  acetic acid with 3 ml of 30%  A n al. Calcd for CjgHsoNg: C, 71.78; H, 4 .30; N, 23.92. 
hydrogen peroxide and with warming for 5 hr caused precipitation Found: C ,7 1 .6 4 ; H, 4 .30 ; N, 23.92.
of 1.14 g (60% ) of a cream-colored solid: mp 228-229° dec, red Reduction of l,l',4,4'-Tetraphenyl-5,5'-azotriazole.— A solu-
melt (lit.7 mp 229-230°); nmr (CF3COOH) 8 2.21 (s, 1.3), tion of 300 mg of the azotriazole in 30 ml of chloroform was
2.31 (s, 2 .5 ), and 7 .2 -7 .9  ppm (m, 5 ); ir (Nujol) 3425, 3330, stirred with 3 ml of 98%  hydrazine hydrate while 300 mg of 5%
1715, 1620, 1600 cm “1. ____________

A n al. Calcd for C20H19N5O2: C, 66.48; H, 5 .26 ; N, 19.39. (13) G Westoo, Acta Chem. Scand., 6, 1499 (1952).
Found: C, 66.50, H, 5 .44; N , 19.49. No other product could (14) K, H. Pausacker, J .  Chem. Soc., 107 (1953); J. G. Sharefkin and
be isolated. H. Saltzman, O rg . S yn ., 43, 62 (1963).
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palladium on charcoal was added. After 1 hr, the mixture was diphenyl-3-methylpyrazole); nmr (CDC13) 6 2.47  (s, 3) and 7 .3 -
filtered, and the filtrate was washed with water and brine, and 7.9 ppm (m, 10).
was dried over magnesium sulfate. Evaporation left 270 mg A n al. Calcd for Ci6H,3N3: C, 77.71; H, 5 .30 ; N, 16.99 
(91% ) of 5-amino-l,4-diphenyltriazole, mp 168° alone and when Found: C, 77.55; H, 5 .28 ; N, 17.00.
mixed with an authentic sample. Oxidation of a-Acetyl-p-methoxyphenylacetonitrile Phenyl-

Reduction of II .— Saturated aqueous sodium dithionite was hydrazone.— A suspension of 2.5 g of yellow mercuric oxide in
added to a solution of 2.0 g of II in 100 ml of 95%  ethanol until ethanol was heated to boiling and 1.0 g of the phenylhydrazone
the red color was discharged, and the resulting mixture was was added in portions over 5 min after which refluxing was
poured at once into a large volume of ice water. The resulting continued for 2 hr. Filtration and concentration gave a red gum
nearly colorless solid l(3)-phenyl-3(l)-a-cyanobenzyltriazene which was taken up in benzene and filtered through a short
(X IV ) was collected, washed with water, and dried: wt 1.8 g column of silica gel; 380 mg (40% ) of red needles, mp 100-110°,
(91% ); mp 138° with violet decomposition. An analytical separated from the filtrate on standing. Recrystallization from
sample was prepared by extraction with hot alcohol and re- aqueous ethanol did not change the mp which was not depressed
crystallization from aqueous tetrahydrofuran: mp 155° dec byadm ixturewiththethermolysisproductof5-azido-l-phenyl-4-
alone and 145-146° dec when mixed with 5-amino-l,4-diphenyl- p-methoxyphenyl-3-methylpyrazole (mp 126-127°), and the
triazole (mp 178-180°); ir (Nujol) 3240, 2260 (w), 1610, 1535, infrared spectra of the two substances were essentially the same-
1495 cm “'.  nmr (CDCls) S 2.77 (s, 2.25, C -C H 3), 2.48 (s, 0 .75, C -C H 3),

A nal. Calcd for C„H 12N4: C, 71.16; H, 5 .12 ; N, 23.72. 3.87 (s, 3, 0 -C H 3), and 6 .85-8 .1  ppm (m, 9 ) (C -C H 3 intensities
Found: C, 71.27; H, 5 .08 ; N , 23.73. correspond to a 3 :1  mixture).

Oxidation of Acetoacetonitrile Phenylhydrazone.— This sub­
stance was dissolved in methanol or ethanol and refluxed for 2 hr Registry No.—Table I— a, 24515-19-3; a (cyclic
with mercuric oxide from various commercial batches. The product),16 24514-90-7; a (noncyclic product), 24515-
cooled mixtures were filtered with the aid of Celite and the 82-0; b, 24514-91-8; b (cyclic product), 24515-20-6; 
components were separated by column chromatography on u , v  , o / r - i r  0 o t J ^  ’
alumina or by thin layer chromatography. In the several ex- b (noncyclic product), 24515-83-1, c, 24514-92-9;
periments without added base, only two significant substances C (cyclic product), 24515-21-7; C (noncyclic product),
were found: unreacted phenylhydrazone, and a red substance, 24515-84-2; d, 24514-93-0; d (cyclic product), 24515-
mp 80-81°, apparently identical (ir and nmr) with the phenyl- 22-8; d (noncyclic product), 24515-85-3; e (cyclic
azocrotonomtrile (X II)  reported by Quilico and coworkers,9 and o K i r  nr 1 / r  j  h / - i
by Searles and Hine.‘ Yields varied from low to moderate. In P™duCt] ’ 245-4-94-i; e (noncychc product), 24515-
other experiments sodium hydroxide, potassium hydroxide, ob-4, 1 (cyclic product), 24515-23-9; f (noncyclic
triethylamine, or pyridine were added to the reaction mixtures. product), 24515-87-5; g, 24514-95-2; g (cyclic product),
The only products in significant quantities were l-phenyl-3- 24515-24-0; g (noncyclic product), 24515-88-6; Va,
methyl-5-aminopyrazole (50 to 80%  of the mixture) and the 24514-96-3; Vb, 24514-99-6; VI, 24514-97-4; X II ,
phenylazocrotonomtrile (X II )  of mp 80-81 : ir (Nuiol) 2210, .  V Tv  .  . „ , , ’ , ,
1615 (w), 1505 (w), 1585 (w), cm “1; nmr (CC14) S 2.28 (d, 3 , 24514-98-5; XIV , 24515-14-8; a-p-chlorophenyl-
J  = 0.8 Hz) (q, l ,  J  =  0 .8  Hz) and 7 .3 -8 .0  ppm (m, 5). In benzoylacetonitrile, 5415-05-4; a-p-anisylacetoace-
no case could any substance of mp 109° (isomeric phenvlazo- tonitrile, 5219-00-1; 5-amino-3,4-diphenyl-l-p-tolyl-
crotononitrile) be obtained. Sublimation of the material of mp pyrazole, 24515-02-4; 5-amino-4-p-anisyl-3-methyl-l-
S g Z S Z S & Z *  W" h ‘he " i” w r*“ ,e phenylpyraBole, 24515^3-5; ^ „ „ ^ h l o r j p h e n y l -

Isomerization of Phenylazocrotononitrile X I.—A dilute ethereal l,o-dlphenylpyrazole, 24515-04-6, 5-azido-l,3,4-tri-
solution of 150 mg of X I  was refluxed with 5 drops of 10 A’ HC1 phenylpyrazole, 24515-05-7 ; 4,4'-bis-p-chlorophenyl-
for 5 hr. Concentration and cooling caused crystallization of the l,l',3,3'-tetraphenyl-5,5'-azopyrazole, 24515-06-8; 1,1',
isomer X II  essentially quantitatively : mp 80° undepressed by 4,4'-tetraphenvl-5,5'-azopyrazole, 24515-07-9; 4,4'-
admixture with X II  obtained by oxidation of acetoacetonitrile u - • , /  , 0 i 1 1 / v i , -
phenylhydrazone; ir spectrum identical with that of X I I .  No bls " P  ~ mtrophenyl -  3,3 - dimethyl-1,1 -diphenyl-5 ,5 '-
isomerization was observed without the addition of acid or when azopyrazole, 24515-08-0; 3,3'-dimethyl-l,l'-diphenyl-
ammonium hydroxide was used. 5,5'-azopyrazole, 24515-09-1; 4,4-dichloro-3-methyl-l-

Oxidation of «-Acetylphenylacetonitrile Phenylhydrazone.—A phenylpyrazol-5-one, 24515-10-4; 2-bromo-3-phenylaz-
solution of 0 8 g of the phenylhydrazone' 9 in 30 ml of ethanol was ocrotonitrile, 24515-11-5; l,l'-bis-p-tolyl-3,3',4,4'-tetra- 
refluxed for 5 hr with 1.5 g of yellow mercuric oxide. Thin layer , . r  n J  , ’ .
chromatography showed the resulting mixture to contain 5- phenyl-5,5 -azoxypyrazole, 24523-23-7, 1,1 ,4,4 -tetra-
amino-l,4-diphenyl-3-methylpyrazole and another red sub- phenyl-5,5 '-azotriazole, 24515-12-6; a-phenyl-d-phenyl-
stance. The filtered and concentrated mixture was digested azocrotononitrile, 24515-13-7.
with light petroleum ether, which left the aminopyrazole behind.
The chilled and filtered extracts left a red oil on evaporation; Acknowledgment.-— We are grateful for support of
crystallization from aqueous ethanol gave brilliant red plates tbig work by grants from the National Science Founda-
of an a-phenyl-/3-phenylazocrotononitrile: mp 110-111° (mp firm ( P P  3^ 36 C  P  64631
80-84° when mixed with the thermolysis product of 5-azido-l,4- '  ’
------------------- (16) Cyclic product refers to structure type Va and noncyclic product

(15) C. Alberti, Gazz. C him . I ta l ., 89, 1017 (1959). refers to structure type Vb (Scheme I).
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Bis(3-carbazolyl)methane and some bis(9-alkyl-3-carbazolyl)methanes have been synthesized, the former via 
the Borsche synthesis from 4,4'-dihydrazinodiphenylmethane and the latter by condensation of 6-blocked 9- 
alkylcarbazoles with formaldehyde, followed by removal of the blocking 6 substituent. These compounds are 
compared and contrasted with the products obtained from the acetic acid catalyzed condensation of carbazole, 
or of unblocked 9-alkylcarbazoles, with formaldehyde. Infrared and proton magnetic resonance studies estab­
lish that the carbazole-formaldehyde condensation product is bis(9-carbazolyl)methane, in contrast to some 
literature reports.

In a comparative study of leuco compounds related products obtained from such reactions vary with the
to 4,4'-diaminodiphenylmethane derivatives, e.g., tet- reaction conditions. Thus, the reaction product from,
ramethyl base 1, and to phenylbis(3-indolyl) methanes carbazole and formaldehyde in concentrated sulfuric
(leuco rosindoles) 2, we recently required bis(3-car- acid forms a blue solution or precipitates as a blue
bazolyl)methane (3a) and some bis(9-alkyl-3-carba- dye.6-7-8-11-18-16 while under less stringent conditions,
zolyl)methanes, e.g., 3b and 3c. According to three e.g., carbazole and formaldehyde (or formaldehyde
standard reference works,1-3 these latter compounds progenitors) in acetic acid, the major product is a bis-

carbazolylmethane, mp “above 280°,” 4’6 287°,10 301- 
| 303°.13 This compound is also obtained by warming

.CIA _ CH _ 9-hydroxymethylcarbazole (4a) in acetic acid.9 Where-

CH
( 0 n O T  4a ,R 1 =  CH2OH;R2 =  R3 =  H

b,R1 =  CH2OCOCH3;R 2 =  R3 =  H
Rl Rl c ,R 1 =  H;R2 =  R3 =  Cl

c, R, =  E t e, R, — H; R2 — Rj — I
f ,R 1 =  E t;R 2= H ;R 3 =  CHO

are accessible v i a  the direct acid-catalyzed condensation g, R, = Et; R2= Br; R3 = CHO
of carbazole, or 9-alkylcarbazoles, respectively, with
formaldehyde (or formaldehyde progenitors), analogous as the structure of the blue dye still remains obscure,
to, for example, the well-known preparation of tetra- the biscarbazolylmethane has been reported by some
methyl base 1 from formaldehyde and N,N-dimethyl- workers4-13.» as bis(9-carbazolyl)methane (5a) but by
aniline in acid solution. On consulting the original others6-10-14a has bis(3-carbazolyl)methane (3a). The
literature, however, it became apparent that some con- latter assignment has been generally accepted previ-
fusion and conflicting conclusions exist as to the final ously,1-3 mainly owing to (i) a suggestion10 that a free
products obtained from carbazole, or 9-alkylcarbazoles, 3 position is necessary before condensation can occur
and formaldehyde in various acidic media.4-20 The and (ii) the preparation of authentic bis(9-carbazolyl)-

(1) “Beilstein’s Handbuch der Organischen Chemie,” 4th ed, Springer- mf  “ P 314-315°, from 9-aCetOXymethylcarba-
Veriag, Berlin: (a) Voi. 20, Hauptwerk, p 436; (b) Voi. 23 , Hauptwerk, zole (4b) and carbazolylmagnesium iodide.I4a However,
p 239; 1st Suppl., p 96.

(2) W. C. Sumpter and F. M. Miller, "The Chemistry of Heterocyclic text as to the point of formaldehyde condensation on the carbazole molecule.
Compounds, Vol. 8, A. Weissberger, Ed., Interscience Publishers, New A condensed structural formula (p 37 of their paper) indicates, however, that
York, N. Y., 1954, pp 107—108. these workers also preferred the 9,(/-condensed structure 5a.

(3) E. H. Rodd, "Chemistry of Carbon Compounds,” Vol. 4, Elsevier (14) (a) K. Mizuch, Zh. Obshch. K h im ., 16, 1471 (1946); (b) K. Mizuch
Publishing Co., Amsterdam, 1957, p 124. and Ts. M. Gel’fer, J .  A pp l. Chem. U SSR , 19, 939 (1946); (c) D okl. A kad .

(4) G. Pulvermacher and W. Loeb, Chem. B er .. 26, 2766 (1892). N a u k  S S S R , 79, 807 (1951); (d) K. G. Mizuch, N. M. Kasatkin, and Ts.
(5) E. Votocek, R ozpraoy Cesk. A kad ., 22, 5 (1896); Chem . Z entralbl., 67 M. Gel’fer, Zh. Obshch. K h im ., 27, 189 (1957).

(II), 490 (1896). (15) K. Ftirst, M ikrochem . Ver. M ikroch im . A cta, 33, 348 (1948).
(6) E. Votocek and V. Vesely, Chem . Ber., 40, 414 (1907). (16) M. Cermak, Chem . L isty , 45, 35 (1951).
(7) H. Ditz, Chem .-Ztg., 31, 486 (1907); Chem . Z en tra lb l, 78 (II), 33 (17) F. Muzik and Z. J. Allan, Collect. Czech. Chem . C om m un., 22, 641

(1907). (1957).
(8) E. Gabutti, B o ll. C him . F arm ., 46, 349 (1907); Chem . Zentralbl., 78 (16) (a) V. F. Traven and B. I. Stepanov, Tr. M osk. K h im . T ekhn ol.

(II), 98 (1907). /nst., 4g> 118 (1965); Chem . Abstr., 65, 12159 (1966); (b) V. F. Traven, V. A.
(9) M. Lange, German Patent 256,757 (1913). Smrchek, and B. I. Stepanov, K h im . G eterotsikl. S oed in ., 568 (1967); Chem .
(10) S. Dutt, J .  Chem . S oc., 125, 802 (1924). A bstr., 68, 39407 (1968); (c) V. F. Traven, V. A. Plakhov, and B. I. Step-
ill) Z. Dische, B iochem . Z„ 189, 77 (1927); Chem . A bstr., 22, 559 (1928). anov K h im . G eterotsikl. S oedin , 756 (1967): Chem . A bstr., 68, 104884 (1968).
(12) G. Kranzlein and R. Dereser, German Patent 699,774 (1940). (16) S. Nakade and M. Imoto, K ogyo K a g a k u  Z assh i, 69, 100 (1966);
(13) J. R. Feldman and E. C. Wagner, J .  Org. Chem ., 7, 31 (1942). Chem . A bstr., 65, 3822 (1966).

These workers referred to the carbazole-formaldehyde condensation prod- (20) S. Nakade, U. Funayama, and A. Gomi, K ogyo K a g a k u  Z assh i, 69,
uct simply as "methylenebiscarbazole,” with no opinion expressed in their 2214 (1966); Chem . A bstr., 66, 116188 (1967).
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Scheme 1“
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8a,R1 = Et;R2 = N02 7a,R1=Et;R2 = N02
b, RI = Et;R2 = C02H b, R, = Et; R2 = C02H
c, R, = Et, R2 = Br c, Rj = Et, R2 = Br
d, R! = Et;R2=I d,R! = Et;R2 = I
e, Ri =  Me; R2 =  I e, R! =  Me; Rj =  I

“ Reagents: i, H N 02, SnCU-HCI; ii, cyclohexanone, AcOH; iii, P d -C ; iv, dialkyl sulfate; v, CH20 ,  H +; vi, Li-i-BuO H -TH F  
(on 8c) or LiAlH4 (on 8d, 8e).

it has been shown more recently17 that 3,6-dichIorocar- cellent agreement with structure 5a and preclude the
bazole (4c) and 3,6-dibromocarbazole (4d) readily con- product being the 3,3 isomer 3a. The nmr spectrum
dense with formaldehyde, yielding 5b and 5c, respec- exhibits signals for 16 aromatic protons and two methy-

lene protons and is thus also in accord with structure 
5a; absorptions occur at 5 6.9 (doublet of doublets, 
4 H, 4 and 5 nuclear carbazole protons), 5.9-6.5 (mul- 

i  tiplet, 12 H, remaining carbazole nuclear protons), and
CH2 5.7 (singlet, 2 H, methylene protons). The major prod-
| uct from each of the mild acid-catalyzed reactions,

therefore, is bis(9-carbazolyl)methane (5a), as originally 
K )  1 K J I  postulated by Pulvermacher and Loeb.4

R R The 9,9'-condensed structure of the carbazole-
5a,R = H formaldehyde product was confirmed by unambiguous

b, R = C1 synthesis. Acid-catalyzed condensation of 3,6-diiodo-
c R = Br carbazole (4e) with formaldehyde affords bis(3,6-diiodo-
j  = j 9-carbazolyl)methane (5d), analogous to the similar

condensation products 5b and 5c obtained by Muzik 
tively. Finally, another report21 describes the isolation arl<̂  Allan17 from3,6-dichlorocarbazoleand 3,6-dibromo- 
of a product alleged to be bis(3-carbazolyl)methane carbazole; in these compounds, no possibility exists 
(3a), mp 234°. for 3,3 condensation. Reductive deiodination of 5d

We have accordingly reexamined the products ob- by means of lithium aluminum hydride in tetrahydro-
tained from (a) carbazole and formaldehyde in acetic furan affords bis(9-carbazolyl)methane 5a, identical
acid,4’18 (b) carbazole and methylal in acetic acid,6 (c) in respects with the product obtained from the direct
9-hydroxymethylcarbazole in acetic acid,9 and (d) 9- carbazole-formaldehyde condensations,
carbazolylmagnesium iodide and 9-acetoxymethylcar- We synthesized the required bis(3-carbazolyl)meth- 
bazole in ether.14a After purification by crystallization ane (^a) apparently for the first time, via the more ex-
from N,N-dimethylformamide or from benzene, the tended Borsche tetrahydrocarbazole synthesis,22’23
products from all routes were identical with respect to Scheme I. The preparation of the inteimediate bis­
melting point (314-317°), infrared spectra, and nmr (5,6,7,8-tetrahydro-3-carbazolyl)methane (6) has been
spectra. A typical infrared spectrum of the product described.23 Dehydrogenation of this material with
showed the complete absence of a -N H  group and the palladium on charcoal24 gave 3a, mp 350-352 . The
typical benzene substitution patterns at 700-770 and (22) W. Borsche, A. Witte, and w. Bothe, Justus Liebigs Ann. Chem., 
1700-1950 cm -1, characteristic of 1,2-substituted ben- 359,49(1908).
zene rings on ly  (eq u iv a le n t to  no n u cle a r su b stitu e n ts  w ; B„r8che and r . Manteuffei, ibid., «tb , m  (1934).
in  th e  carb azole  rin g  s y s te m ) ; th ese  findings a re  in  e x - (24) (a) e . c . Homing, m . g . Homing, and g . n . Walker, j .  Amer.

Chem. Soc., 70, 3935 (1948); (b) P. H. Carter, S. G. P. Plant, and M. Tom- 
(21) D. Jerchel and H. Fischer, Chem. Ber., 88, 1595 (1955). linson, J .  Chem. Soc., 2210 (1957).
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infrared spectrum of the product was in excellent agree- mented on the polymeric nature of these products. We
ment with the required structure, showing absorption also found this to be the case. The material obtained
peaks at 725 and 750 cm-1 (1,2-disubstituted benzene from the direct condensation of 9-ethylcarbazole with
ring), 800 (1,2,4-trisubstituted benzene ring), and 3300 formaldehyde was an amorphous solid (mol wt 1600)
(NH). The nuclear magnetic resonance spectrum (in which melted over a wide range. The formation of
DMSO) exhibits absorptions at 5 7.7 (doublet, 4 H, 4 polymeric resins has also been observed in the analogous
and 5 nuclear protons), 6.5-7.3 (multiplet, 10 H, re- diphenylamine-formaldehyde condensation reaction.27
maining aromatic protons), and 3.9 (singlet, 2 H, 3,3- The polymerization reaction may proceed via the un­
methylene protons), all relative to DMSO at 2.25. At occupied 6,6' nuclear positions of the initially formed
the concentration employed, the NH protons appeared bis(9-alkyl)-3-carbazolyl)methane, these positions being
at 6 9.7 (very broad peak). readily accessible for further attack and subsequent

This materia] is clearly distinct from the above bis- chain growth, via intermediates such as 9, leading to 
(9-carbazolyl)methane, mp 314-317°, and it appears to 10. The process may then be repeated on 10, leading
be also distinct from another compound, mp 234°, re- to higher oligomers.

^ / C H 2o h

E t E t

eg*r“''tigCr*r»
E t E t E t

10

ported by Jerchel and Fischer21 as bis(3-carbazolyl)- Alternatively, the process may partly involve self­
methane. condensation of the corresponding 3-hydroxymethyl-

We then turned our attention to synthesizing the 9-alkylcarbazole 11, formed initially in  situ from 9-
alkylated leuco derivatives, the bis(9-alkyl-3-carba- ethylcarbazole and formaldehyde, the chain growth
zolyl)methanes, e.g., 3b and 3c. Although, as shown being finally terminated by reaction of the resultant
above, the preferred site of reaction in N-unsubstituted long-chain methylol compound 12 with 9-ethylcarba-
carbazoles with formaldehyde (or protonated formal- zole. The facile self-condensation of 11 was readily
dehyde intermediates) is the N position, it appeared demonstrated by treatment of this material, prepared
that, if this position were occupied, viz. by an alkyl separately from 9-ethylcarbazole-3-carboxaldehyde,
group, then substitution would be directed to the para  with warm acetic acid. The resultant product, which
nuclear position, i.e., the 3 position. We were thus softened at 157° and finally melted at 163-164°, had an
initially hopeful that condensation of 9-methylcarbazole average molecular weight of 1600-1800, i.e., n =  8 or
and 9-ethylcarbazole with formaldehyde would lead to 9 in 12.

E t E t E t n~2 Et

11 12

E t E t n~* E t

13

the required 3b and 3c, respectively. The only litera- These conjectures are supported by the observation 
ture reports on this reaction prior to the commencement of Kranzlein and Dereser12 that 9-alkylcarbazoles
of our study appear to be a passing mention by Votocek containing one occupied para  position, viz. 3-nitro-9-
and Vesely,6 with no experimental details, and a note ethylcarbazole (7a) (Scheme I) or 9-ethylcarbazole-3-
in an early German patent25 which describes the prep- carboxylic acid (7b) condense smoothly with formalde-
aration of ‘di-9-ethylcarbazylmethane” by condensa- hyde in acetic acid solution to give the corresponding
tion of 9-ethylcarbazole with formaldehyde in acetic bis(6-nitro-9-ethyl-3-carbazolyl)methane (8a) and
acid in the presence of a trace of mineral acid. Kranz- bis(6-carboxy-9-ethyl-3-carbazolyl)methane (8b), re-
lein and Dereser12 have commented, however, that such spectively, as crystalline materials in good yields; in
condensation products are nonhomogeneous resinous these cases the linear chain growth cannot occur,
materials and recent patent claims26 have also com- The authentic bis(9-alkyl-3-carbazolyl)methanes 3b

(25) German Patent 293,578  (1913). an d  3c w ere o b tain ed  b y  b lockin g th e  ca rb a z o le  6  p osi-
(26) (a) French Patent 1,399,095 (1965); (b) U. S. Patent 3,240,597

(1966)- (27) D. Craig, J .  A m er. Chem. S oc., 55, 3723 (1933).
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tion, utilizing halogen substituents as blocking groups. material with diethyl sulfate in acetone29 afforded bis-
Condensation of 3-bromo-9-ethylcarbazole (7c) (Scheme (9-ethyl-3-carbazolyl)methane (3c) in moderate yield,
I) or 3-iodo-9-ethylcarbazole (7d) with formaldehyde the product being identical in all respects with the mate-
in acetic acid yielded bis(6-bromo-9-ethyl-3-carba- rial obtained from the dehalogenations of bis(6-bromo-
zolyl)methane (8c) or bis(6-iodo-9-ethyl-3-carbazolyl)- 9-ethyl-3-carbazolyl)methane (8c) and bis(6-iodo-9-
methane (8d), respectively, as homogeneous crystalline ethyl-3-carbazolyl)methane (8d). Similarly, meth-
materials. Reductive dehalogenation of either the ylation of bis(3-carbazolyl)methane with dimethyl
bisbromo compound by means of the lithium-i-butyl sulfate afforded bis(9-methyl-3-carbazolyl)methane
alcohol-tetrahydrofuran procedure28 or of the bisiodo (3b), identical with the product from LiAlH4-ether
compound by reduction with lithium aluminum hydride reduction of bis(6-iodo-9-methyl-3-carbazolyl)meth-
in ether afforded bis(9-ethyl-3-carbazolyl)methane (3c), ane (8e).
mp 143°. A similar reaction sequence starting with As leuco derivatives analogous to 4,4'-diaminodi-
3-iodo-9-methylcarbazole (7e) yielded bis(6-iodo-9- phenylmethane derivatives 1, the bis(3-carbazolyl)-
methyl-3-carbazolyl) methane (8e) and thence, by methanes were good color formers (yielding blue dyes)
LiAlH4-ether reduction, bis(9-methyl-3-carbazolyl)- with hydride abstractors such as tropylium fluoroborate
methane (3b), mp 191°. The infrared and nmr spectra or trityl hexachloroantimonate.30 The kinetics of
of these products and of the intermediate compounds 
were in perfect agreement with the required structures. Cpj
After our study was completed Traven, Plakhov, and h r v i ------ [ f h l  p, r +
Stepanov180 isolated a product, mp 223°, from the direct 3
9-methylcarbazole-formaldehyde condensation reac- | |
tion , w hich  th e y  d esig n ated  as b is (9 -m e th y l-3 -c a rb a - R, R,
zolyl)methane, and Nakade, Funayam a, and Gomi20 +
obtained a material from the corresponding 9-ethyl- / \ / C H \ / \
carbazole-formaldehyde reaction which they claimed [ (J ) ] "  1 C 3 J  lC_yJT I C j J  +
to be bis(9-ethyl-3-carbazolyl)methane, mp 183-186°. ^ x ^ n^ \ x
In the light of the foregoing discussion and previous ^ ^
literature12'26 commenting on the nonhomogeneous,
resinous nature of the products from such reactions, and
in view of the melting point discrepancies, when com- such color-forming reactions will be described in a
pared with our materials, we conjecture that these prod- second forthcoming paper.31
ucts are, in fact, higher oligomeric species, e.g., 10,

etc- Experimental Section
As stated above, the condensation reaction may be

visualized as proceeding v ia  the initial formation of a Melting points were taken on a Fisher-Johns melting point
,, i , , • , , n r  j  apparatus m most cases; compounds which melted above ¿80

3-hydroxj methjlcarbazole intermediate, e.g., 11, formed or wbich sublimei at atmospheric pressure were examined in
i n  s itu . In the case of the carbazoles containing sealed capillaries in an electrothermal melting point apparatus,
nuclear blocking substituents, it was felt that the inter- the cavity temperature of which was monitored with a chromel-
mediate bis(6-halogeno-9-alkyl-3-carbazolyl)methanes alumel thermocouple. Infrared spectra were run in potassium
8 would also be accessible by direct condensation of the broniide!  Pelletf on » Perkin-Elmer Model 21 doub e beam

. , . n i i  , , , , spectrophotometer. ‘H nmr spectra were obtained on a Varian
appropriate 6-halogeno-3-hydroxymethylcarbazole 14 Associates A60-A spectrometer utilizing various solvents,
with the corresponding 3-halogeno-9-alkylcarbazole, Chemical shifts are in S values downfield from the standard tetra-
e ,g_ methylsilane (S 0) position. Microanalyses were performed by

Elek Microanalytical Laboratories, Torrance, Calif.
gr CH OH g r + Materials.— Carbazole was J .  T . Baker practical grade, re-

2 +  f i l l ------- H > 8c crystallized from 2-propanol; 9-ethylcarbazole was obtained
lv _ JJ  from the Aldrlch Chemical Co. and was recrystallized from

\ X ^ i s u ^  ^  N methanol. Pyridine was dried over potassium hydroxide pellets,
F t decanted, and redistilled from fresh pellets. Tetrahydrofuran

14  7c and diethyl ether were dried by distillation from lithium alumi­
num hydride. The following compounds were prepared accord- 

Mild acid treatm ent of an equimolar mixture of 3- ing to the cited literature references: 9-hydroxymethylcarbazole9
hydroxymethyl-6-bromo-9-ethylcarbazole (14) and 3- (*?), mp 128-129» ( l i t9 127-128°); 9-acetoxymethylcarbazole^
, '3 ,, , ,  V , , \ a  , , , • Vc u  r. (4b), mp 80-82° (ht.14b 81 -8 2 °); 3-iodocarbazole, 32 mp 194-196
bromo-9-ethylcarbazole (7c) afforded bis(6-bromo-9- |litA 1 9 2 - 1 9 4 °); 3-iodo-9-methylcarbazole28 (7e), mp 78-79°
ethyl-3-carbazolyl)methane (8 c ) ,  identical in all re- (lit.28 77 -7 9 °); 3-iodo-9-ethylcarbazole32 (7d), mp 82-83° (lit.32
spects with the material obtained from the direct 3- 83 -8 4 °); 3,6-diiodocarbazole82 (4e), mp 206-207° (lit.32 202-
bromo-9-ethylcarbazole-formaldehyde condensation. 204°); 3-bromo-9-ethylcarbazole33 (7c), mp 81~82 (lit.33 81-

The intermediate 3-hydroxymethyl-6-bromo-9-ethyl- to h y d ra z in e  by re-
carbazole (14) was easily accessible from the sodium duction of the intermediate diphenylmethane-4,4'-tetrazonium
borohydride reduction of 6-bromo-9-ethylcarbazole-3- dichloride with sodium sulfite, but we found the general method
carboxaldehyde (4g). --------------

Finally the alkylated biscarbazolylmethanes 3b (29) t . s . Stevens and s. h . Tucker, j . c u m .  s o c . , 1 2 3 ,2 1 4 0  (1923).
and 3c may also be obtained (Scheme I) by N-alkylation <3°) a. Ledwith, a. m. North, and k . e . whiteiock, E u r. Poiym. j ., 4,

of the parent bis(3-carbazolyl)methane 3a the syn- ^y^p^B ruck , a . Ledwith, and a . c . White, j . cu m . Soc. b , in press, 
thesis of which is reported above. Ethylation of this (32) s. h . Tucker, j . chem. Soc., 547 (1920).

(33) R. H. Meen and H. Gilman, J .  Org. Chem., 20, 73 (1955).
(28) P. Brack, D. Thompson, and S. Winstein, Chem. I n i .  (London), (34) (a) H. Finger. J . P rak t. Chem., 74, 155 (1906); (b) G. D. Parkes

405 (1960). and R. H. H. Morley, J .  Chem. Soc., 315 (1936).
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of Hunsberger, et a l . ,3i utilizing stannous chloride, to be more ture was cooled and extracted twice with hot xylene; the corn-
convenient); 9-ethylcarbazole-3-carboxaldehyde36'37 (4f), mp bined xylene extracts were filtered. The product (1.3 g) crystal-
89-g i°  (lit.36 94°). lizec. as large off-white nacreous plates, mp 350-352°; ir (K B r)

Bis(3 ,6-diiodo-9-carbazolyl)methane (Sd).— Methylal (0.7 g) 3300 (N H ), 800 (1 ,2 ,4-trisubstituted benzene ring), 750, and 725
and 4e (6.2 g) were dissolved in acetic acid (110 ml). At 6 5 - cm -1 (1 ,2-disubstituted benzene ring); nmr (DMSO) 5 9.7 (2 H,
70°, 1 ml of a 4%  solution (v /v ) of sulfuric acid in acetic acid was N H ), 7.7 (d, 4 H, 4 and 5 aromatic protons), 6 .5 -7 .3  (m, 10 H,
added. An immediate white precipitate formed. The collected aromatic protons), and 3.9 (s, 2 H, CH2).
product, which was almost insoluble in most of the conventional A n al. Calcd for C25H18N2: C, 86.67; H, 5 .24 ; N, 8.09.
organic solvents, recrystallized from a large volume of boiling Found: C, 86.72; H, 5 .19; N, 8.10.
anisole as felted needles: mp 314-316° dec, ir (K B r) 805 cm " 1 6-Bromo-9-ethylcarbazole-3-carboxaldehyde (4g).— This ma­
i l ,2 ,4-trisubstituted benzene ring). terial had previously been obtained36 by bromination of 4f. We

A nal. Calcd for C25HHN2I4: C, 35.32; H, 1.66; N, 3 .30 . found dimethylformamide-phosphorous oxychloride formylation
Found: C, 35.18; H, 1.72; N, 3 .56. of 7c to be equally convenient.

Bis (9-carbazolyl)methane (5a). (A) From Lithium Alumi- Dimethylformamide (2.5 g) and 7c (8.2 g) were dissolved in
num Hydride Reductive Deiodination of 5d.— The difficultly o-dichlorobenzene (20 ml) and POCI3 (4.6 g) was added. The
soluble 5d (3.4 g) was extracted for 4 days in a Soxhlet apparatus red-brown mixture, after being heated for 4 hr a t 90-100°, was
with tetrahydrofuran (150 ml) containing lithium aluminum hy- cooled, poured into H20 ,  and extracted with ether. The ethereal
dride (3 g). During this time, 1 g of 5d dissolved. The solution extract was washed with H20 ,  dried (K2CO3 ), filtered, and evap-
was treated with saturated ammonium chloride solution and orated. The oily residue crystallized from ethanol at 0° as fine
then with 2 N  HC1 (200 ml) to dissolve inorganic salts. After pale yellow needles, mp 133-134° (lit.36 136°). 
further dilution with H20 ,  the resultant precipitate was dissolved 3-Hydroxymethyl-9-ethylcarbazole (11).— A solution of 4f
in hot benzene (200 ml), filtered, and concentrated to 50 ml. (5.5 g) in methanol-2% sodium hydroxide was treated with
Fine white crystalline needles of 5a (0.271 g), mp 314-315° (lit.148 sodium borohydride (0.5 g). After being allowed to stand over-
3 1 3 -314°), were obtained. night at room temperature, the solution was diluted with H20

(B ) . From the Reaction of 9-Carbazolylmagnesium Iodide and extracted with benzene. The benzene extract was dried,
with 9-Acetoxymethylcarbazole (4b).— This experiment followed filtered, and evaporated. The residue crystallized from ethanol
the procedure given by Mizuch.14a The resultant product was at —10° as felted needles, mp 75-76° (3.8 g); nmr (CDCI3 ) 5
recrystallized from N,N-dimethylformamide and afforded 5a, 7 .8  (m, 2 H, 4 and 5 carbazole protons), 6 .9 -7 .3  (m, 5 H, remain-
mp 314-316° (lit.148 313-314°). ing aromatic protons), 4 .6  (s, 2 H, CH2OH), 4.1 (q, 2H, N -

A nal. Calcd for C26H i8N2: C, 86.67; H, 5 .24; N, 8 .09. CH2CH 3 , /  =  7 cps), 2.5 (s, 1 H , OH), and 1.2 (it, 3 H, N -
Found: C, 86.70; H, 5 .20; N, 7 .97. CH2CH3).

(C) . From Condensation of Carbazole and Formaldehyde.—  A n al. Calcd for CisH15NO: C, 79.97; H, 6 .71. Found:
The procedure of Feldman and Wagner13 was followed. The C, 80.02; H, 6.70.
crude reaction product was recrystallized from N,N-dimethyl- 3-Hydroxymethyl-6-bromo-9-ethylcarbazole (14).— In a similar
formamide and then sublimed at 280° (0.15 mm), yielding 5a, reduction to the above, 4g (1.7 g) was refluxed for 6 hr with
mp 315-317° (lit. “ above 280” ,'*■« 287,10 301-303,13 313-314° 148). N aBH , (3 g) in methanol (50 ml) containing KOH (1 g). After

(D ) . From Condensation of Carbazole and Methylal.— The cooling, unchanged aldehyde was removed by filtration and the
preparation of the biscarbazolylmethane via  this route was men- filtrate was diluted with H20 .  The collected product was crystal- 
tioned by Votocek and Vesely,6 but with no experimental details. lized from carbon tetrachloride and then from benzene as trans-
A solution of carbazole (17.7 g) in acetic acid (350 ml) was re- parent spars, mp 143-144° (0.63 g); nmr (CDCI3) 6 8.1 (d, 1 H,
fluxed while a solution of methylal (3.8 g) in acetic acid (20 ml) 5 proton), 7.9 (s, 1 H, 4 proton), 4 .7  (s, 2 II, CH2OH), 4 .2 (q,
was added. The resultant crystalline product was recrystallized 2 H, N -C H 2CH3), 2 .0  (s, 1 H , OH), and 1.3 (t, 3 H, N -C H 2CH3).
from N,N-dimethylformamide and afforded 5a, mp 316-317°. A nal. Calcd for CisHuBrNO: C, 59.22; H, 4 .64 ; N, 4 .60 .

A n al. Calcd for CjsH isN j : C, 86.67; H, 5 .24 ; N, 8 .09. Found: C, 59.17; H, 4 .59 ; N , 4 .68.
Found: C, 86.99; H, 5 .37 ; N ,8 .2 1 . Bis(6-bromo-9-ethyl-3-carbazolyl)methane (8c). (A) From

(E) From 9-Hydroxymethylcarbazole.— The preparation of 3-Bromo-9-ethylcarbazole and Formaldehyde.— A solution of 7c 
a biscarbazolylmethane from 4a in acid medium was described (27.4 g) in a mixture of glacial acetic acid (100 ml) and sulfuric
by Lange,9 but with no experimental details. A solution of 4a acid (2 ml) was warmed to 85° with stirring. At this tempera-
(2.5 g) in acetic acid (25 ml) was warmed to 90° and held at this ture 37%  formalin solution (4.1 ml) in acetic acid (10 ml) was
temperature for 30 min. The resultant crystalline precipitate added at once. A greenish blue precipitate formed. The
of 5a was collected, washed with acetone, and dried in  vacuo, mp collected material was taken in hot benzene and acetone was
315-317 . added dropwise until solution was completed; the solution was

The products from steps A -E  were taken in various combina- then treated twice with charcoal. The resultant wine red filtrate
tions for mixture melting point determinations. Node pressions deposited crystalline needles, mp 185-188° (13 g, 4 5 % ). Two
were observed. The infrared spectra were superimposable and recrystallizations of this material from benzene afforded 8c, mp
were noteworthy for the complete absence of the NH absorption 193-194°; nmr (CDCI3 ) S 8.1 (d, 2 H, 5 protons), 7 .8  (s, 2 H,
in the 3300-3500-cm _1 range; ir (K B r) 3030 (aromatic CH ), 1460 4 protons), 7 .0 -7 .5  (m, 8 H , remaining aromatic protons), 4.3
(CH j), 1120, 745, and 720 cm " 1 (1,2-substituted benzene ring). (s, 2 H, A r-CH 2-A r), 4.2 (q, 4 H, N -C H 2CH ,), and 1.3 (t, 6 H,
The integrated JH nmr spectrum (CH3CONMe2 at 120°) showed N -C H 2CH3).
absorptions corresponding to 16 aromatic protons and 2 methy- A nal. Calcd for CVH^Br^N.: C, 62.16; H, 4 .32 ; N, 5 .00.
lene protons (for details, see text). Found: C, 62.72; H, 4 .61 ; N , 5.01.

Bis(5,6,7,8-tetrahydro-3-carbazolyl)methane(6).— This com- (B) From 3-Hydroxymethyl-6-bromo-9-ethylcarbazole and
pound was prepared from cyclohexanone and 4,4'-dihydrazino- 3-Eromo-9-ethjlcarbazole.—A solution of 7c (100 mg) and 14 (100
diphenylmet.hane by the method of Borsche and Kienitz.238 The mg) in acetic acid (3 ml) was treated with one drop of a solution
crude tetrahydrocarbazole was recrystallized from acetone, mp made by adding sulfuric acid (2 drops) to acetic acid (10 ml).
281-283 (lit. 265,238 281-283° 23b); ir (K Br) 3400 (N H ), 2940 The solution was boiled for 3 min, cooled, diluted with H2O drop-
(C H ,), 880, and 795 cm 1 (1 ,2 ,4-trisubstituted benzene ring; wise until turbid, and then allowed to stand. The resultant
nmr (DMSO-ds) S 6 .7 -7 .2  (m, 6 H, aromatic protons), 4 .0  (s, 2 product was crystallized from benzene (2 ml) and yielded 40 mg,
H, methylene group), 2.6  (m, 4 H, alicyclic protons), and 1.8 (m, mp 193-194°, undepressed in melting point upon admixture
4 H, alicyclic protons). with the product obtained from route A above.

Bis(3-carbazolyl)methane (3a). An intimate mixture of Bis(6-iodo-9-ethyl-3-carbazolyl)methane (8d).— A suspension 
palladium on charcoal (1.2 g) and 6 (3.6 g) was heated in a stream of 7d (16.0 g) in a solution of 50%  aqueous sulfuric acid (2 ml)
of nitrogen (Woods metal bath). A vigorous evolution of gas- in acetic acid (75 ml) was treated with a solution of methylal (1.9
eous products occured at approximately 250°. The reaction mix- g) in acetic acid (10 ml). The mixture was stirred and heated
------------------- under reflux; the iodocarbazole passed into solution and sub-

(35) I. M. Hunsberger, E. R. Shaw. J. Fugger, R. Ketcham, and D. sequently a blue precipitate appeared The product was filtered,
Lednicer, J .  Org. Chem ., 21, , 394 (1956). taken m benzene (500 ml), and treated twice with charcoal. The

(36) Ng. P. Buu-Hoi and Ng. Hoan, ib id ., 16, 1327 (1951). pale green filtrate was treated -with piperidine (2 drops) and the
(37) L. Burgardt, E. Reckziegel, and O. Wahl, German Patent 950,617 resultant yellow solution was concentrated to 75 ml and allowed

(1956). to stand at room temperature. The resultant pinkish needles
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were recrystallized from benzene and afforded 8d mp 204-205° trate was diluted with H20 .  The product was extracted into 
(6.4 g). ether and the ether extract was washed with water, dried (K2-

A nal. Calcd for CzsEhuliNa: C, 53.23; H , 3 .70; N, 4 .16 . CO3 ), filtered ar.d concentrated to approximately 2 ml volume.
Found: C, 53.22; H, 3 .91; N, 4 .23. Crystalline plates of 3c (73 mg) were obtained, mp 139-140°,

Bis(6-iodo-9-methyl-3-carbazolyl)methane (8e).—In a similar mixture melting point with material prepared by debromination 
experiment to the one above, 7e (9.2 g) was treated with methylal of bis(6-bromo-9-ethyl-3-carbazolyl)methane, 140-142°.
(1.3 g) in refluxing acetic acid. The mixture was worked up as Bis(9-methyl-3-carbazolyl)methane (3b). (A) From Lithium
above and the reaction product was recrystallized from benzene, Aluminum Hydride Reduction of 9e.—Bis(6-iodo-9-methyl-3- 
yielding 8e, mp 249-252° (5.7 g). carbazolyl)methane (2.9 g) was reduced with lithium aluminum

A nal. Calcd for C27H20I2N2: C, 51.77; H, 3 .22 ; N, 4 .47 . hydride (1.4 g) in tetrahydrofuran (100 ml) in a similar manner
Found: C, 51.54; H, 3 .18 ; N, 4 .40. to the treatment of the 9-ethyl compound above. The resultant

Bis(9-ethyl-3-carbazolyl)methane (3c). (A) From Lithium- product was recrystallized from ether and afforded 3b, mp 190-
t-Butyl Alcohol-Tetrahydrofuran Dehalogenation of 8c.—A solu- 191° (0.95 g); nmr (CDC13) S 8.0 (d, 4 H, 4 and 5 protons), 6 .8-
tion of 8c (5.6 g) in a mixture of dry tetrahydrofuran (50 ml) and 7.5 (m, 10 H, remaining aromatic protons), 4.3 (s, 2 H, A r-
i-butyl alcohol (3 g) was stirred under a nitrogen atmosphere CH2-A r), and 3.7 (s, 6 H, N -C H S).
while lithium shot (0.7 g) was added, followed by methyl iodide A nal. Calcd for C27H22N2: C, 86.59; H, 5 .92; N, 7.48.
(5 drops). The mixture was refluxed for 2 hr and was then Found: C, 86.42; H, 6 .03; N, 7 .42% .
poured onto crushed ice. After the excess lithium had decom- (B) From Methylation of 3a.—A suspension of 3a (720 mg)
posed, the mixture was acidified with 2 N  HC1 and extracted with in acetone (100 ml) containing potassium hydroxide (3 g) and
ether (two 100-ml portions). The ether extract was washed with water (4 ml) was treated, at the reflux point, with dimethyl sul-
H20 ,  dried (K2CO3 ), filtered, and evaporated. The yellow oily fate (10 ml). The mixture was stirred and refluxed for 4 hr and
residue was chromatographed on alumina (Woehlm, basic, was then worked up in the manner of the corresponding ethyla-
activity grade 1 ), utilizing petroleum ether (bp 3 0-40°) as initial tion reaction above. The yield of bis(9-methyl-3-carbazolyl)-
eluent. This solvent removed an oily product (0.4 g), which was methane, mp 191-192°, was 183 mg (25% ).
not investigated. The major product was subsequently eluted Condensation of 9-Ethylcarbazole with Formaldehyde.—A
with petroleum ether-5%  ether. Crystallization of this ma- solution of ethylcarbazole (4.9 g; 0.025 mol) in acetic acid (100 
terial from ether afforded 3c, mp 143-144°, as shimmering flakes; ml) containing sulfuric acid (0.2 g) was heated to 85° and a solu-
ir (KBr) 2940 (CH3), 800 (1,2,4-trisubstituted benzene ring), tion of formaldehyde (0.013 mol) in acetic acid (11 ml) was added
and 750 and 725 cm -1 (1,2-disubstituted benzene ring); nmr dropwise at this temperature. After addition was complete, 
(CDCI3) 5 8.0 (d, 4 H, 4 and 5 protons), 6 .8 -7 .4  (m, 10 H , aro- the mixture was refluxed for 5 min, then poured into xylene (650
matic protons), 4.3 (q, 4  H, N -C H 2CH3), 4.3 (s, 2 H, A r-C H 2-  ml), and the acetic acid removed by distillation. The resultant
Ar), and 1.4 (t, 6 H , N -C H 2CH3). blue xylene solution was evaporated to small bulk and treated

A nal. Calcd for C29H26N2: C, 86.53; H, 6 .51; N, 6 .96. with piperidine (2 drops); the resultant pale yellow solution was
Found: C .8 6 .3 7 ; H ,6 .4 7 ; N, 7 .25. filtered. The product was obtained at 0° as pale buff micro-

If crystallization of the product was attempted from benzene- crystalline prisms, which partly melted in the range 190-200°,
ether mixtures, a form apparently containing benzene of crystal- but did not melt further up to 270°; mol wt 1649, 1784; ir
lization, mp 109-110°, was obtained. The solvent of crystalliza- (K B r) 804 (1,2,4-trisubstituted benzene rings) and 735 and 750
tion could be driven off by holding the liquid melt at 120-125°; cm -1 (weak only. 1,2-disubstituted benzene ring, carbazole end
the residue then solidified and finally melted at 142-143 0. group).

(B) From Lithium Aluminum Hydride Reduction of 8d.—Aso- Self-Condensation of 11.—A cold solution of 11 (8 g) in acetic
lutionof 8d (1.07 g) in tetrahydrofuran (50 ml) containing LiAlH, acid (25 ml) was added to a second portion of acetic acid (75 ml)
(1 g) was refluxed overnight. After destruction of excess hy- held at 9 0 -95°; a bluish white precipitate appeared. The col-
dride with ethyl acetate, benzene (100 ml) was added and the leeted product was dissolved in tetrahydrofuran and poured into
mixture was treated with 2 N  HC1 (100 ml). The organic layer an excess of sodium bicarbonate solution. The resultant white
was separated, washed with H20  (three 50-ml portions), dried product (4.7 g) had mp 163-164°, with prior softening at 157°;
(Na2SO<), filtered, and evaporated to dryness. The residue mol wt 1699, 1775, 1756; ir (K Br) 3400 (OH), 800 (1,2,4-trisub-
(406 mg) was crystallized twice from ether and afforded 3c, mp stituted benzene ring), and 735 and 750 cm -1 (weak only, 1,2-
142-143° (undepressed upon admixture with the material ob- disubstituted benzene ring, carbazole end group).
tained from route A above).

(C) From Ethylation of 3a.— A suspension of 3a (420 mg) in Registry N o .— 3a, 2 4 2 9 0 -4 4 -6 ; 3b, 1 8 1 5 2 -7 0 -0 ;
acetone (75 ml) was treated with a solution of sodium hydroxide 3C, 1 6 3 9 1 -6 7 -6 ; 4g, 2 4 3 0 1 -7 2 -2 ; 5a, 6 5 1 0 -6 3 -0 ; 5d,
(2.5 g) in water (3 ml), followed by diethyl sulfate (6 ml). The 2 4 3 0 1 -7 4 -4 ; 6 ,2 4 3 0 1 - 7 5 - 5 ;  8c, 2 4 3 0 1 -7 6 -6 ; 8d, 2 4 3 0 1 -
mixture was stirred and refluxed fcr 4 hr and filtered (much ’ ’ ’ ’ _ n „  ’ „„ „
unchanged bis(3-carbazolyl)methane was recovered), and the hi- 1 1 -1 )  8 ©, 2 4 o U l-7 o -o , 11 j z 4 o U l- /y -y , 14 , z4oUl-oU-^.
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Synthesis of l,2,3,4-Tetrahydro-2,3-disubstituted  
10-Hydroxy-l,4-dioxopyrazino[l,2-a]indoles

N. T. Modi, Shakti R. Ahmed, Akhlaq R. K idwai, and J. R. J ohnson 

Chemistry Department, Aligarh M uslim  University, Aligarh, In d ia  

Received M ay S3, 1969

l,2,3,4-Tetrahydro-2,3-disubstituted 10-hydroxy-l,4-dioxopyrazino[l,2-a]indoles have been prepared by 
two methods: eyclization of the corresponding (K-o-carbomethoxyphenylglycyl-N-methylamino acid esters in
the presence of sodium methoxide, and from 3-methoxyindole-2-carboxylic acid by acylation of N-methylamino 
acid esters followed by spontaneous base-catalyzed eyclization and demethylation in the last stage.

Synthesis of l,2,3,4-tetrahydro-2,3-dimethyl-10-hy- Scheme II
droxy-l,4-dioxopyrazino[l,2-a]indole (3a) was carried 0H 0Me
out in connection with studies on the structure of r^Tl------^  fit'll------
anhydrodethioglio toxin,1 one of the degradation prod- JL v
ucts of the mold antibiotic gliotoxin. The above 10- C02Me ^  COJI
hydroxypyrazinoindole was selectively reduced with i
sodium amalgam to the 1 0 :1 1-dihydro derivative, which »
was eventually shown by spectral analysis and other ^ OMe
evidence to be different from anhydrodethioglio- OMe [OX I
toxin.2'3 f O j ------(  ^ VN ^ C = 0

However, the 10-hydroxy-l,4-dioxopyrazinoindole “  I
ring system with its closed peptide structure is inter- ^__CH Et02C-\ s ®  Me
esting enough in itself to stimulate a rational synthesis. O' ^  3 |
Two independent syntheses of l,2,3,4-tetrahydro-2,3- R r

disubstituted 10-hydroxy-l,4-dioxopyrazino[l,2-a]in- 5a,R = CH3 \  4a,R = CH3
doles have been worked out in Schemes I and II. b, R = H \

Scheme I [ Q T  T
C0CH2C1

NH— CH— C02Et I .N— Me
1 I — *- N— CH— C02Et —>- O T
CH3 R I I R

CH3R 3c, R = H
la-d

. - \ .C 0 2Me Carbomethoxyphenylglycyl-N-methylamino acid esters
(2) were cyclized in the presence of sodium methoxide 

H C = 0  —*. r Q T  jf to give 10-hydroxypyrazinoindoles (3). Our findings
Et0 q X Me regarding this base-catalyzed eyclization are in agree-

2 ^ cH  — Me ment with earlier reports6'6 that this eyclization takes
I 0  ] place only if there is no active hydrogen on the amide

H H nitrogen.
2a—d 3a-d In Scheme II, N-methylamino acid esters were con-

a, R = CH3 densed with preformed indoxylic acid. Fusion of
b, R = CH2CH3 methyl 3-hydroxyindole-2-carboxylate with sodium
c, R = H hydroxide a t 300°7 resulted in extensive decarboxylation
d, R = CH2C6H5 and subsequent oxidation to indigo. The ester was

hydrolyzed smoothly in 30% sodium hydroxide at 
60°.

In Scheme I, dZ-N-methyl-a-amino acid esters were Since direct condensation of indoxylic acid with N- 
chloroacetylated, and the chloroacetyl derivatives (1) methylamino acid esters in the presence of N ,N '-
were condensed with methyl anthranilate by heating dicyclohexylcarbodiimide (DCCI) was not possible
them either in alcoholic solution4 or neat to give dl- because of the strongly phenolic nature of the 3-hy-
o - carbomethoxyphenylglycyl - N - methylamino acid droxy group, the latter had to be suitably protected,
esters (2). In both cases, the condensation proceeded Acylation of indoxylic acid leads preferably to N -
without formation of amides, polymerization, or intra- acyl derivatives.4 Choice of benzyl group was not
molecular eyclization to form the pyrazine ring, dl-o- very fortunate. Alkaline hydrolysis of methyl 3-

benzyloxyindole-2-carboxylate invariably led to decar- 
tĥ XXote.fuTerX X 950Kid'vai' unpublishedob8ervation8; " "  boxylation. The ester was eventually hydrolyzed in

(2) J. R. Johnson and L. R. Harper, unpublished observations; doctoral
thesis, Cornell University, 1954. (5) J. R. Johnson, J. H. Andreen, and A. D. Holley, ib id ., 69, 2370

(3) M. R. Bell, J. R. Johnson, B. S. Wildt, and R. B. Woodward, J .  A m er. (1947).
Chem . Soc., 80, 1001 (1958). (6) J. D. Dutcher, J. R. Johnson, and W. F. Bruce, ib id ., 66, 617 (1944).

(4) J. R. Johnson and J. H. Andreen, ib id ., 72, 2862 (1950). (7) A. Baeyer, B er., 14, 1741 (1881).
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1 0 -H y d r o x y -1 ,4 -d io x o p y r a z in o [1 ,2 -ct]in d o l e s  J .  Org. Chem., Vol. 85, No. 7, 1970 2 2 2 9

th e  p resen ce of co n ce n tra te d  sulfuric a c id ,8 b u t th e  acid and water, the crude, dry product weighed 4 g. Carbon
ca rb o x y l group in  3 -b en zy loxyin d ole-2 -ca rb o x y lic  acid  dioxide saturated filtrate on saturation with sodium chloride

was too hindered sterically to condense effectively with 5°° "Inn The T de Pr°d,"m was ° 7 staldzed. , • ^  , trom methanol (leaving 200 mg of an insoluble residue which
ammo acid esters m the presence of DCCI. On treat- darkens at 255° and decomposes at 265°), yield 3.25 g (42% ),
ment with thionyl chloride, the acid was recovered un- mp 137-139°. For further purification the product was dis-
changed at low temperatures and was decarboxylated solved in cold 1%  sodium hydroxide, reprecipitated with solid
under more stringent conditions. Consequently, carbon dioxide, and washed as before After one crystallization

.1 i o i i i i o i i , . T i l l  from ethanol and another from 1-butanol, the pure product
methyl 3-hydroxymdole-2-carboxylate was methylated, weighed 2.2  g, mp 138-139°. I t  gives a dark green color with
the product was hydrolyzed, and 3-methoxyindole-2- alcoholic ferric chloride: ir (K Br) 3250 (broad, chelated OH),
carboxylic acid was condensed with N-methylamino 1700 (indole N C = 0 ) ,  1625 cm -1 (amide C = 0 ) ;  uv max (EtOH)
acid esters either in the presence of DCCI or after 302m -̂ „ TT _
conversion to the acid chloride. In the presence of a poun(j- C 64 0 - H 4 9 - N 1 1 3
slight excess of amino acid esters, the 3-metnoxyindole- The carbon dioxide saturated mother liquor left after removal 
2-carboxylamino acid esters formed first cyclized spon- of the 10-hydroxypyrazinoindole gave a precipitate on acidifying
taneously to the corresponding pyrazinoindoles in high witlx HC1, which was crystallized from ethanol. I t  weighed 1.55
yields. O th er b asic  c a ta ly s ts  like trie th y la m in e  an d  g; m eltedto a red.liquid at 1 9 5 -2 0 0 * ,and gave a red color with

. alcoholic ferric chloride. This is probably the acid formed by
pyridine g av e  low er yields. D é m é th y la tio n  of 1 0 - hydrolysis of the pyrazine ring.
methcxypyrazinoindoles was affected with hydriodic i,2,3,4-Tetrahydro-2-methyl-3-ethyl-l,4-dioxo-l0-hydroxy-
acid and red phosphorus.6 pyrazino[l,2-a] indole (3b). (a) df-Chloroacetyl-N-methyl-a-

aminobntanoic Acid Ethyl Ester (lb ).— Chloroacetylation of dl- 
N-methylaminobutanoic acid ethyl ester gave lb in 53.6%  yield, 

Experimental Section bp 140° (4 mm under Ns), n :,T> l .40.
, ,  . . .  . , , . . ... , A n al. Calcd for C9H16C1N03: C, 48 .7 ; H, 7 .2 ; N, 6.3.
Melting points were taken in capillary tubes on Gallenkamp Found- C 49 1' H 7 4* N 6 1

melting point apparatus. All melting and boiling points are '(b) Æ-o-Carbomethox^phenylglycyl-N-methyl-^-aminobu-
uncorrected. Ir spectra were taken on Perkm-Elmer Infracord tanoic Acid Ethyl Ester (2b).— This was prepared by condensa-
anduv spectra on a Perkin-Elmer 220 tion of lb with methyl anthranilate in 68%  yield. I t  crystal-

1,2,3,4-Tetrahydro-2,3-dimethyl-1,4-dioxo-10-hydroxypyr- lized from absolute alcohol> mp 83°.
azino[12-o]indole 3a). (a) Æ-Chloroacety-N-methyaanine An(A Calcd for CnH24N20 6: C, 60.7; H, 7.1; N, 8.3. 
Ethyl Ester (la ).—An ethereal solution of ai-N-methylalanme Found* C 60 6 - H 7 1- N 8.3 .
ethyl ester prepared from 10 g (0.097 mol) of Æ-N-methylalanine (c) i .2,3’,4-Tetrahydro-2-methyl-3-ethyl-l,4-dioxo-10-hydroxy-
was treated with freshly distilled chloroacetyl chloride, (5.4 g, pyrazino[l,2-a]indole (3b).—2b cyclized to 3b in 40%  yield in 
0.048 mol) in 30 ml of dry ether under anhydrous conditions. the preSence of sodium methoxide. 3b was crystallized from
The reaction mixture was allowed to stand m an  ice bath for 2 hr. absoiute alcohol in white prisms: mp 146°; ir (K Br) 3250
Half of the ester was converted into its hydrochloride which (broad)> 1700 , 1625 cm“1; uv max (EtOH ) 302 mM. 
separated as a liquid. The cH-N-chloroacetyl-N-methylalanine A naL  Calcd for Cl(H14N20 3: C, 65.1; H, 5 .6 ; N, 10.8.
ethyl ester remaining in the ether solution was washed free of Found- C 65 2* H 5 6 -  N 10 6
unreacted ester and chloroacetyl. chloride. It distilled at 119- l',2,3,4-Tetrahydro-2-methyl-l,4-dioxo-10-hydroxypyrazino-
125 (2 mm under N2), 1.47, yield 7.5 g (75%  on the basis of [ l ,2-o]indole (3c). (a) Chloroacetyl-N-methylglycine Ethyl
chloroacetyl chloride used). O , c o  „  -  t w o -. Ester (lc ).— Chloroacetylation of N-methylglycine ethyl ester

A nal. Calcd for C8Hi4C1N03 : G, 46 .3 , H, 6 .7 , N, 6 .7 . gave lc in 46%  yield, bp 145° (2 mm under N2), n 30D 1.472.
Found: C ,4 6 .2 ; H ,6 .7 ; N, 6 .5 . , t f A nal. Calcd for C7H12C1N03: C, 4 3 .4 ; H , 6 .2 ; N, 7.2.

(b) ¿¿-0-Carbomethoxyphenylglycyl-N-metnylalanine Ethyl Found: C 43.2- H 6.3- N 7.3.
Ester (2a). Methyl anthranilate (40.7 g, 0.27 mol) and la (b) i )2)3 j4_Tetrahydro-2-methyl-l,4-dioxo-10-hydroxypyrazino- 
(14 g, 0.0675 mol) were heated on a steam bath for 8 hr when a [1,2-a] indole (3c).— The above chloroacetyl derivative (lc)
large quantity of methyl anthranilate hydrochloride separated. wag concjensecl with methyl anthranilate to give 2c. The latter
Dry benzene (150 ml) was added and the hydrochloride was fil- failed to crystallize, and therefore it was dried (P2O5) and cyclized
tered off. After removing benzene under reduced pressure, the ag guch with sodium methoxide to give 3c in 33%  yield. 3c
reaction mixture was heated for another 8 hr and the hydro- crystallized from absolute ethanol: mp 215° dec; ir (K Br)
chloride was separated as before. Further heating resulted m 3250 (broad)) 1700. 1620 cm “1; uv max (EtOH ) 300 mM.
separation of only a negligible quantity of the ester hydrochlo- A n g l  Calod fcr Ci2H10N2O3: C, 62.6; H, 4 .4 ; N, 12.2.
ride. In all 11.6 g of methyl anthranilate hydrochloride was Found- C 62.3- H 4.3- N 11.9.
collected (theoretical 12.6 g). Unreacted methyl anthranilate l,2,3,4-Tetrahydro-2-methyl-3-benzyl-l,4-dioxo-10-hydroxy-
was distilled off from the residual mass at 110-111° (2-3  mm Pyrazino[l,2-o]indole (3d).—df-Chloroacetyl-N-methylphenyl-
under N2) keeping the bath temperature at 165°. The residue aianine ethyl ester (Id) obtained by chloroacetylation of dl-N-
(25.5 g) was crystallized from benzene and recrystallized from methylphenylalanine ethyl ester did not distil even at 200° (2
absolute alcohol, mp 8 9-90°, yield 15 g (69% ). Another crystal- xnm). Above this temperature it started decomposing; there-
lization from 1-butanol raised the melting point to 89 .5-90 ; fore, it was condensed as such with methyl anthranilate to give
ir (KBr) 3375 (N il), 1750, 1700, 1675 (amide, ester and N H ), 2d, which was cyclized in the presence of sodium methoxide to
1262, 1225 cm 1 (C -O -C ); uv max (EtOH) 345, 253, 225 mm- give dd ¡n 23%  yield. 3d crystallized from alcohol: mp 148°;

A nal. Calcd for CisH^NAh: C, 59.6; H, 6 .9 ; N, 8 .7 . lr (K B r\ 310o (broad), 1670, 1620 cm “1; uv max (EtO H ) 304
Found: C, 59.8; H .6 .8 5 ; N , 8.7.

(c) 1,2,3,4-Tetrahydro-2,3-dimethyl-1,4-dioxo-10-hydroxy- A n d  Calcd for C19H16N20 3: C, 71.2; H, 5.0; N, 8.7. Found: 
pyrazino[l,2-o]indole (3a).—A solution of 10 g of 2a in 50 ml of q yj q. b  g q. 8 2 _
dry benzene was added to a suspension of sodium methoxide ’indoxylic Acid.—A solution of 5 g of methyl 3-hydroxyindole- 
(prepared from 0.7 g of sodium) in dry benzene, and the mixture 2-carboxylate4-6 in 25 ml of 30%  sodium hydroxide solution was
was heated slowly on a steam bath under anhydrous conditions. warmed on a water bath at 60° for 1 hr. The cold reaction mix-
First a turbidity appeared and within 10 min a yellow gelatinous ture wag acidified with hydrochloric acid to give 4 g (87% ) of
precipitate of the sodium salt started separating. The reaction indoxylic acid, which was dried (P20 6), mp 123°.
mixture was heated for 1 hr and cooled, 100 ml of dry ether was Methyl 3-Benzyloxyindole-2-carboxylate— Methyl 3-
added, and the sodium salt was filtered, washed with ether, and hydroxyindole-2-carboxylate (19.1 g, 0.1 mol) was benzylated
dissolved in ice-cold water. The aqueous solution was filtered wjth fresbiy distilled benzyl chloride (12.65 g, 0.1 mol) over
and the 10-hydroxypyrazinoindole was quickly precipitated by anhydrous potassium carbonate (10 g) in dry acetone using
adding solid carbon dioxide. After washing with dilute acetic potassium iodide as a catalyst. I t  crystallized from ethyl ace-

(8) H. P. Treffers and L. P. Hammett, J .  A m er. Chem. S oc.. S9, 1708 tate-petroleum ether (bp 40 -6 0 °): mp 9 5-96°; yield 19.7 g
(1937). (70% ).



A nal. Calcd for CnHmNOa; C, 72.6; H, 5 .3 ; N, 5.0. 3-Methoxyindole-2-carboxyl-dZ-N-methylalanine Ethyl Ester
Found: C ,7 2 .2 ; H, 5 .3 ; N, 4 .85 . (4).— An ethereal solution of 3-methoxyindole-2-carbonyl chloride

3-Benzyloxyindole-2-carboxylic Acid.— Methyl 3-benzyloxyin- prepared from 3.6 g (0.019 mol) of 3-methoxyindole-2-carboxylic
dole-2-carboxylate (8.43 g, 0.03 mol) was finely powdered and acid was treated with an ethereal solution of df-N-methylalanine
dissolved completely in 30 ml of concentrated sulfuric acid; the ethyl ester prepared from 4 g (0.038 mol) of cW-N-methylalanine.
solution was poured into a large amount of crushed ice with The reaction mixture was left at room temperature for 2 hr;
vigorous stirring. The precipitated acid was extracted with the ethereal layer was decanted from the precipitated ester
ether, the ethereal layer was washed, the ether was evaporated hydrochloride and washed with 1 N  HC1, 1 N  K H C 03, and water,
off under reduced pressure at room temperature, and the residue After evaporating ether, the residue was crystallized twice from
crystallized from ethanol, mp 120°, yield 7 g (87% ). ’ ethanol: mp 113°; yield 4 g (70% ); ir (K Br) 3250 (indole

A nal. Calcd for C,eH13N 0 3: C, 71.9; H, 4 .9 ; N , 5 .2. N H ), 1740 (ester C = 0 ) ,  1600 (amide C = 0 ) ,  1250, 1089 cm “1
Found: C, 72 .3 ; H, 5 .0 ; N ,4 .9 . (=C O M e); uv max (EtOH) 295 rn.fi.

Methyl 3-Methoxyindole-2-carboxylate.— Methyl 3-hydroxy- A nal. Calcd for Ci6H 14N20 4: C, 63.1; H, 6 .6 ; N , 9 .2 . 
indole-2-carboxylate (16 g, 0.083 mol) was methylated with di- Found: C, 62.7; H, 6 .6 ; N, 9 .3.
methyl sulfate (10.5 g) over anhydrous potassium carbonate in l,2,3,4-Tetrahydro-2,3-dimethyl-l,4-dioxo-10-methoxypyr-
200 ml of dry acetone. I t  crystallized from ethyl acetate, mp azino] 1,2-a] indole (5a).— A methanolic solution of 4 (0.5 g,
106°, yield 13.7 g (80% ). 0.0016 mol) was treated with 5 ml of an ethereal solution of dl-

A nal. Calcd for CnHnN03: C, 64.4; H, 5 .4 ; N, 6 .8 . N-methylalanine ethyl ester containing approximately 0.002 mol
Found: C, 64.0; H, 5 .3 ; N , 7 .1 . of the ester. The mixture was left at room temperature over-

3-Methoxyindole-2-carboxylic Acid.— A solution of methyl night. When concentrated and cooled, 10-methoxypyrazino-
3-methoxyindole-2-carboxylate (20 g, 0.096 mol) in 200 ml of indole crystallized out in colorless crystals, mp 116°, yield 0.3 g
1 N  methanolic potassium hydroxide was refluxed for 3 hr in a (75% ).
water bath. Methanol was distilled off and the acid precipitated A nal. Calcd for CnHnNAh: C, 65.1; H, 5 .4 ; N , 10.8. 
from cold aqueous solution of the sodium salt with hydrochloric Found: C, 64.8; H, 5 .4 ; N , 10.5.
acid. I t  crystallized from dry benzene, mp 135° dec, yield 16 g Direct Condensation of 3-Methoxyindole-2-carboxylic Acid 
(86% ). with N-Methylglycine Ethyl Ester.— 3-Methoxyindole-2-car-

A nal. Calcd for CioH9N 0 3: C, 62.8; H, 4 .7 ; N, 7 .3 . boxylic acid (1 g, 0.005 mol) in dry ether was added to a dry
Found: C, 62.9; H, 4 .9 ; N, 6 .9 . ethereal solution of N-methylglycine ethyl ester (prepared from

1.2.3.4- Tetrahydro-2-methyl-l,4-dioxo-10-methoxypyrazino- 0.89 g, 0.01 mol, of N-methylglycine) containing DCCI (1 g,
[1,2-a]indole (5b).— An ethereal solution of 3-methoxyindole-2- 0.005 mol). The reaction mixture was left at room temperature 
carboxylic acid (5.7 g, 0.03 mol) was treated with thionyl chloride for 24 hr. Dicyclohexylurea was filtered, yield 1 g (theoretical 
(7.1 g, 0.06 mol). After it was maintained for 1 hr at room 1.08 g). l,2,3,4-Tetrahydro-2-methyl-l,4-dioxo-10-methoxy-
temperature, ether and thionyl chloride were removed in  vacuo pyrazino[l,2-o]indole was crystallized from aqueous methanol,
without external heating. The residual acid chloride was flushed mp 155°, mmp with 5b 155°; uv ir spectra were also identical
with fresh lots of dry ether to remove traces of thionyl chloride. with 5b.
The slightly pigmented semicrystalline residue was dissolved in 
dry ether and treated with an ethereal solution of N-methyl­
glycine ethyl ester (prepared from 8 g, 0.09 mol, of N-methyl- Registry No.— la, 24463-58-9; lb, 24515-52-4; 
glycine). The reaction mixture warmed up slightly and was l c , 24515-53-5; 2a, 24463-59-0; 2b, 24463-60-3; 3a, 
left at room temperature overnight. The ester hydrochloride ,  C1 , .fo eo _ ,  ’ , ’ „„ „ „ , ’ ’
was filtered off. The ethereal filtrate was washed well with 24463-61-4, 3b, 24463 62 5, 3c, 24463-63-6, 3d, 24463-
distilled water, the ether was evaporated, and the solid residue 64-7; 4, 24463-65-8; 5a, 24463-66-9; 5b, 24463-
was crystallized from aqueous methanol: mp 155°; yield 5.2 g 67-0; methyl 3-benzyloxyindole-2-carboxylate, 24463-

1700>1640> 1250>1089 cm 1 (=C O M e); uv max 68-1; 3-benzyloxyindole-2-carboxylic acid, 24463-
A n al. Cakd for CvH12Na0 3: C, 63.9; H, 4 .9 ; N, 11 .6 . methyl 3-methoxyindole-2-carboxylate, 21716-

Found: C, 64.2; H, 5 .2 ; N, 11.2. 59-6; 3-methoxymdole-2-carboxyhc acid, 21598-04-9.
1.2.3.4- Tetrahydr o-2-methyl-1,4-dioxo-10-hydroxypyrazino- 

[ 1,2-a]indole (3c).— 5b (732 mg, 0.003 mol) was demethylated
by boiling gently for 3 hr with red phosphorus (1.4 g) and a mix- Acknowledgments.-— The authors wish to thank the
ture of acetic anhydride (5 ml) and hydriodic acid (4 ml, sp gr Head, Chemistry Department, Aligarh Muslim Uni-
1.7). The demethylated product was worked up in the usual y e rs it Aligarh, for the facilities provided, and the
way. I t  crystallized from ethanol, mp 215 dec, yield 600 mg n o r-n  m  „ i t  r i r n , . . -
(87% ), mmp with 3c 215° dec: uv and ir spectra were also iden- CtelK, New Dehll, for the fellowship held by N . T. 
ticalw ith3c. Modi.
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Several new arylazo oximes are reported. Infrared, electronic, and pmr spectra of arylazo oximes and deu- 
terated arylazo oximes were examined. No evidence for the tautomeric nitrosohydrazone form could be obtained.
Arylazo oximes show n —► x* and x  —► x* transitions characteristic of azo compounds. In the solid state they 
exist in hydrogen-bonded form(s) only. However, in the solution phase, equilibria between monomeric and 
associated species are clearly observable. Pmr spectra of some arylazo oximes show the existence of two distinct 
species in solution. I t  is concluded that the results are best explained in terms of cis-trans isomerism around 
C = N .

An important class of reactions of arylhydrazones (1) T a b l e  I
is their electrophilic substitution.1 One such reaction, A b s o r p t io n  M a x i m a  ( x max ) a n d

viz., that of aldehyde arylhydrazones with ra-amyl E x t i n c t i o n  C o e f f i c i e n t s  o f  E l e c t r o n i c  B a n d s  f o r

nitrite, was discovered by Bamberger and Pemsel many S o m e  A r y l a z o  O x i m e s  T a k e n  i n  B e n z e n e

years ago.2 The initial product of the reaction is ' -—Compound - -
J  °  r  R Ar Amax, mg («, 1. mol-1 cm-1)

R— C = N — NHAr R— C = N — NHAr R— C— N = N A r H (a) C6H5 435 (330), 310 (21,400)
| | II CH3 (b) C6H5 440 (260), 305 (20,700)

H NO NOH CelRCHrP (c) C6H5 420 sh“ (660), 300 (15,300)
1 2 3 CeH5 (d) Ca-RCHs-p 400 sh (1760), 315 (15,400)

probably the C-nitroso compound 2 which readily sh 1S shoulder-
isomerizes to the arylazo oxime 3 and at 319 mp (e 19,500) for the tram  isomer. The tran-

Arylazo oximes form stable chelates with various sition is undoubtedly of the type.
metal ions. During our investigations of these che- c . Nitroso 9 may be expected to show a weak
lates3-6 it was found that the ligands themselves have _  } ban| aro^nd 700 m/i due to a transition.1«
not been subjected to any detailed structural mves iga- ^  ^  ab tion could be located in concentrated 
tions. Several questions are relevant m this context. for ^  co ds studied b us. Thus elec-
Is the tautomeric nitrosohydrazone structure 2 com- ^  ra data exclude the nitrosohydrazone
pletely excluded? What is the geometric structure, gtructureP Qur spectral data are in accord with an
e.g., with respect to N = N  or C = N  of the ligand sys- rt n
tern? To what extent does inter-and/or intramolecular Molecular Weight D a ta .-T h e  observed molecular 
hydrogen bonding complicate the behavior of the of an a laz0 oxime in solution is generally
arylazo oximes? The present investigation was under- ^  ^  ̂  calculated for the monomeric structure,
taken m order to answer these questions at least Furthei. the molecular weight increases with increasing
qualitatively. _ , , .  . . . .  ,, , , , solute concentration. Some representative data for

The arylazo oximes are stable both m the solid state chloroform solutions of two aryiazo 0ximes are shown 
and in solution. Physical evidence, presented below, ^  Table n  Clearl agsociated ies are present in 
show that the C-mtroso structure 2 makes no contribu- soblti0n 
tion to the composition of any of these phases,

T a b l e  II
Physical Data C o n c e n t r a t i o n  D e p e n d e n c e  o f  M  o l e c t j l a r

Electronic Sp ectra .-T h e characteristic red color of W e i g h t s  o f  T w o  A r y l a z o  O x i m e s  i n  C h l o r o f o r m

simple azo compounds generally arises from an n -x*  catoT'" W61ght
transition located primarily on the azo group.6-8 Compound Concn, Ar (monomer) Found
This transition normally centers around 440 mp. In Phenylazoacetaldoxime 0 .0 0 6  163 200
the specific case of azobenzene8 (chloroform solution), 0 .0 1 5  237
the n -x*  transition is at 438 rap. (e 1150) for the d s  0 .031  294
isomer and at 445 mp (e 300) for the trans isomer. In 0 .0 4 6  320
the electronic spectra of arylazo oximes, the n -x*  azo Phenylazo-p-to-ualdoxime 0 .0 0 4  239 261

band is clearly seen in the region 400-440 rap. Some 0 028 343
typical results are shown in Table I. The band at
^ 3 0 0  mfi is also characteristic of azo compounds. For r , .
azobenzene it it at 324 (« 15,000) for the cis isomer Infrared Spectm .-V ,brat,on spectra of arylazo

oximes in the solid state and m solution snow an m-
(1) j . Buckingham, Quart. Rev. (London), 2 3 ,37 (1969). ten se  an d  som ew h at b ro a d  b an d  (w id th  a t  h alf-h eig h t,
(2) E. Bamberger and W. Pemsel, B er ., 36, 85 (1903). xq _n jn |be region 1000-1050 Cm-1. Deutera-
(3) A. Chakravorty and K. C. Kalia, lv .org. N ucl. Chem . L ett., 3, 319 . .. , , or , +V»ia

(1967). tion of the oxime group has very slight effect on this
(4) K. C. Kalia and A. Chakravorty, In org . Chem ., 7, 2016 (1968). freq u en cy . W e  assign  th is  b an d  to  PN—O of th e  aZO
(5) K. c. Kalia and a. chakravorty, ibid.., s, 2586  (1969) oxime structure. The similarity of the shape and
(6) A. Burawoy, A. G. Salem, and A. R. Thompson, J .  Chem . S o c 4793 

(1.952).
(7) A. Burawoy, ib id ,, 1865 (1937). (9) Reference 8 p 34.
(8) A. E. Gillams and E. S. Stern, “Electronic Absorption Spectroscopy,” (10) L. E. Orgel, J .  Cnem. S oc., 1276 (1953). Riur1<u7t

Edward Arnold. London, 1960, p 271. OD *■ Grammaticalus, C. if. Acad. Sc., P a n e , 225, 684 (1947).



intensity of this band with those of the fn - o of simple well- Most probably they arise from overlapping 
oximes12 is very striking indeed. 0 —H (associated) and ( 11 stretches. The solution

In hydroxylamine13 rN_0 is at 912 cm“ 1. In phase shows an additional sharp feature a t — 3580 cm “ 1
N-methyl- and N,N-dimethylhydroxylamine14 the fre- which is completely absent in the spectra of solids,
quency shifts to — 950 cm "1, whereas in the O-methyl This can be assigned to i'o- h of the monomeric non-
derivatives the frequency is at 858 cm.-1. Palm and hydrogen-bonded species. In order to put this assign-
Werbin12 investigated the infrared spectra of several ment scheme on a more sound basis the deuterated
aromatic oximes in both a  and /3 forms, risr-o was ligands were examined (Table III), 
observed as a medium to strong band in the frequency In phenylazoacetaldoxime-d, the relatively broad 
range 930-960 cm “ 1. On the other hand, in quinone feature at 2155 cm "1 (solid) or 2380 cm“ 1 (solution) is
monoximes,15 r N_ 0  shifts to 975-1075 c m -1. This is unambiguously assignable to f0 - d of associated species,
attributed to resonance contribution from a structure of The band is quite intense and this is indicative of
type 4. The high value of yN-o of arylazo oximes can intermolecular rather than intramolecular hydrogen
similarly be due to the contribution from structure 5. bonding.15 The sharp feature at 2645 cm“ 1 (solution

only) is assigned to vo-D of monomers existing in 
equilibrium. Note that vo- hA o- d =  1-35. Other

_ N—N arylazo oximes behave similarly. We therefore propose
5 /  \ — n= 0 R ( /  the following general solution equilibrium, where LH  is

V J '  \ H v,N=On̂  an arylazo oxime. The molecular weight data of

4  5  H n L H = ^ ( L H ) „  (1 )

The N = N  stretch16 is expected at -14 0 0  c m -1. How- Table 11 is in ful1 acc° rd Y ith t h k  ? h e  present data
ever, arylazo oximes show a complex spectrum in this no  ̂ £*ve ar ŷ specific information about the value of
region, and we did not attempt to identify the vn=n n  nor do imP b  diad o n y  a Slng e associated species 
frequency. 18 existent. .

Infrared data throw considerable light on the ques- . The infrared spectra of several aldoximes and ketox-
tion of hydrogen bonding in arylazo oximes. Two ircies were studied by Palm and Werbin. In crysta -
typical cases, phenylazoacetaldoxime and phenylazo-p- dne a  and /3 oximes, the O-H  stretches were found to be
tolualdoxime, were examined in detail (Table III). In ^3250 and — 3120 cm *, respectively. The bands

are broad and are of medium intensity. In the solu- 
Table III tion (chloroform or benzene) phase, however, both a

Frequences (cm- )  of Infrared Bands» of Two and d is0mel\  shoW \ b l° ad vO - n  atu^3250 c m ~ \
Arylazo Oximes and Their Deuterated Derivatives Some oxlmes show an additional sharp band at -3 5 0 0

Phenyiazo- phenyiazo- cm“ 1. Clearly the pattern is parallel to that shown by
acetaidoxime6'5 p-toiuaidoxime6 arylazo oximes. A  similar equilibrium pattern is also

KBr disk ecu soin KBr disk ccit soin Assignment shown by some quinone monooximes.15
1050 1025 1043 1 0 2 0  nN-o (in NOH) Proton Magnetic Resonance Spectra.— Hunter and
1052 1030 1045 1020 m-o (in NOD) Roberts18 assumed that arylazo oximes have an in
113? !!!)"! " ' d 5o_,,e/ . . ternally hydrogen-bonded structure 6. As already. . .< 3160 . . . »  3160 no—h (associated) j  j  &

Absent 3578 Absent 3585 no-n (monomer)
2155* 2380* 2260A 2360* x0- d (associated) _ /

Absent 2645 Absent 2640 ro-D (monomer) N.,
“ Among the frequencies that could be assigned with reasonable n ^ /

certainty, only those that are significant for structure elucidation N- 0
are tabulated. They are all medium to strong in intensity. g
6 There are at least two xc- h bands in the 2800-3050-cm_1
region. They do not disappear on deuteration or complex for- pomted out, OUr infrared and molecular Weight data 
mation. c A weak band at 1635 cm-1 (KBr disk and CC14 , , ,  - , . . , i i u
solution) shifts to 1605 cm-1 (where it overlaps with the nearby suggest the presence of extensive intermolecular hy- 
aromatic frequency) on deuteration. A probable assignment is drogen bonding although the existence of some intra- 
rc-N (ref 20). The shift on deuteration may be indicative of molecular association cannot be excluded. Concentra-
interaction (ref 6) with 50- h at —1400 cm-1. d Could not be t,ion dependence of the pmr chemical shift of the oxime

r r  * *
1400—1500 cm 1. Deuteration reduces the intensity in this presence of intermolecular association, liiven though
region considerably and 6o- d appears at 1120 cm-1. > Overlap the solution phase contains monomeric and associated
with >/0_H precludes proper identification; Rising xo- d (asso- species in equilibrium, only a single averaged NOH
dated) = 2155 cm 1 and w- h/to- d = 1.3o, the frequency is pmr sjgnai \s  observed. In phenylazoacetaldoxime,
calculated as 2910 cm“ 1. »Calculated value is 30o0 cm“ 1. f, , & . . , , ,
k Center of a broad band showing some structure. chemical shift of this Signal drops from 11.19 to

10.36 ppm as the concentration is lowered from 1.5 to 
the solid state and in solution, they show a number of °-6 M  (in chloroform-d solution). The pmr signal of
broad and overlapping bands in the 2800-3200-cm-1 hydrogen-bonded protons appear at relatively low
region. Similar bands are seen in the solution phase as fields.19 The disruption of the hydrogen-bonding

(12) A. Palm and H. Werbin, C an. J .  Chem ., 32, 858 (1954). (17) A. Palm and H. Werbin, C an. J .  C hem ., 31, 1004 (1953).
(13) R. E. Nightingale and E. L. Wagner, J .  Chem . P h y s., 22, 203 (1954). (13) L. Hunter and C. B. Roberts, J .  Chem . S oc., 823 (1941).
(14) M. Davies and N. A. Spiers, J .  Chem . S oc., 3971 (1959). (19) J. A. Pople, W. G. Schneider, and H. J. Bernstein, “High-Resolution
(15) D. Hadzi, ib id ., 2725 (1956). Nuclear Magnetic Resonance,” McGraw-Hill Book Co., Inc., New York,
(16) K. Ueno, J .  A m er. Chem . Soc., 79, 3066 (1957). N. Y., 1959, p 400.
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interaction generally shifts the resonance to higher spectrum of phenylazoacetaldoxime in chloroform-d or
fields. If 6 is the sole structure of the associated species, benzene shows a single peak for the methyl protons,
dilution should produce little or no change in the pmr The protons of the R group of all other arylazo oximes
frequency. However, if process 1 is involved, dilution with R = H or alkyl behave in a similar fashion (Table
will shift the equilibrium toward the monomeric species, IV). If these arylazo oximes exist in isomeric forms in
resulting in a shift of the frequency to higher fields as is solution, the isomers either have insignificant chemical
actually observed. shift difference or they interconvert too fast by nmr

Infrared and pmr evidences taken collectively with criterion, 
molecular weight data leave little doubt that equilibrium More interesting is the behavior of arylazo oximes 
1 correctly represents the behavior of arylazo oximes in with R  =  aryl. Several individual cases will be de­
solution. The internally hydrogen-bonded structure scribed separately.
6, if present, is not a major contributor to solution Phenylazo-p-tolualdoxime (9) shows two distinct but 
composition. overlapping methyl signals (Table IV). The relative

Assuming that the stereochemistry around the azo areas under the signals are found to be dependent on
group is trans, intermolecular hydrogen bonding will be the nature of the solvent. In a given solvent the
compatible with a structure such as 7 in which the relative areas also depend on the solute concentration,
rotameric configuration around the N -0  bond is such Addition of a small amount of sodium methoxide (i.e.,
as to put the proton away from the azo group. In this to generate a small concentration of the anion of the
structure the R and O-H groups are trans with respect oxime) to the methanolic solution of the oxime leads to a 
to C = N . However, structure 8, in which R and OH single though broad methyl signal. The sodium salt of
groups are cis, can also explain the observed pattern of the oxime also gives rise to a single methyl signal in D20

solution. These results are summarized in Table V.

/ Ar / Ar
N=N N=N T a b l e  V

R — c (  R — < \  C o n c e n t r a t io n  a n d  S o l v e n t  D e p e n d e n c e  o f

j v f - 0  N t h e  I n t e n s i t y  o f  t h e  M e t h y l  S i g n a l s  o f

Q/  PHENYLAZO-p-TOLCALDOXIMK“'1
\ Ratio of

H Solvent Concn, M  intensity”
 ̂ ® Chloroform-d 0 .6  1 :1 .8

0.3 1:1.4
hydrogen bonding. It is quite possible that both 7 and 0.2 1:0.9
8 will contribute in practice. This brings us to the Benzene 0 .3  1 : 1 .8
question of isomerism of arylazo oximes. Pyridine 0 .3  1 :2 .3

All arylazo oximes show pmr signals for aromatic Methanol 0 .3  1 : 2 .2
protons in the region 7-8  ppm. The NOH signal “ Sodium salt in D 20  gives a single methyl signal at 283 Hz 
J , i .. ..r, 'T o L la  TV! T h o  n m r (upheld) from HDO. 6 Addition of small amount of sodium
appears in the range 9 12 ppm v ab e ). p methoxide to the methanolic solution of the ligand leads to single,

relatively broad methyl signal. * Higher held signal: lower
held signal; measured planimetrically.

T a b l e  IV
P r o t o n  R e s o n a n c e

F r e q u e n c i e s » o f  a  F e w  A r y l a z o  O x i m e s  p-T olylazobenzaldoxime (10) also shows two separate
,--------------Compound-------------- , Chemical shift,6 methyl signals in chloroform-d (Table IV) and in

r  Ar Group 5 (ppm) pyridine. As with the previous compound, the relative
H C6H5 = N O H  9 .8 5 ” areas under the signals are solvent and concentration

^  8.68 dependent. In benzene, however, a single methyl
CHs C'H5 PH H 2 37 signal is observed. On addition of successive amounts

CH =NOH 11 19” of benzene to the chloroform-d solution, the relative
W-C3H7 (c) 6 5 CI/3CH2CH2 1 * i5«» separation between the two methyl peaks decreases and

CH3CT2CH2 i .82” finally (benzene ^ 50% ) a single signal is all that is
CH3CH2CH2 3 .0 9 « observed.

C6h 5 (d) C6H s = N O H  10.98” p-Tolyazo-p-tolualdoxime (11) was investigated only
C6H5 C6II4CH3-p = N O H  11.75” jn  chloroform-d. The methyl region consists of at

CsRiCHz-p 2.37, 2.42 jeast three signals of unequal intensity. The presence
CsHiCHa-p C6H5 =NOH 10.61” of at least two distinct species is clearly indicated.

CsttiCHi-'p 2 .3 3 ,2 .3 9  «-Tolylazo-a-naphthaldoxime (12) and p-Tolylazo-9-
C6H4CH3-p(g) C6H4CH3-p =NOH 11.14” anthraldoxime (13).—In chloroform-d each of these
p h  (h) C H CH v = m m ~ V 10 50” systems shows a single sharp methyl signal (Table IV)
C10H7 (h) C6H4CH3-p C R tC H  2 28 W e shall not aim at any detailed interpretation of all
q  H (-j-, CjHjCHs-p =NOH g the results described above. However, it is clear that

6 4 CSHiCH3-p 2 .3 5  i n  t h e  c a s e  of compounds 9, 10, and 11 there are at least
“ Aromatic protons give signals in the region 6.80-8.80 ppm. two distinct species existing in equilibrium. Several

6 From tetramethylsilane at 100 MHz in CDC13; solute concen- alternatives to explain the observation of single and
tration lies in the range 0.3-0 .6  M . ” Center of a broad signal. double nmr signals in the various cases were considered.
d Center of a triplet ( J  — 7.5 Hz). ” Center of a sextet (./ ^  7.5 . . .  , , taken collectively support the contention that
Hz). > Center of a complex pattern showing at least three lines . . , , ,  p  vr nr a involved
of unequal intensity. ” Not located. isomerism around the C = N  group of 3 is involved.
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T able VI
Characterization of Arylazo Oximes

,----------------- Com pound------------------% •--------------%  C -■ '  % H  - '  % N
r  A r Form u la  M p , °C “  Calcd Found Calod Found Calcd Found

H (a) C6H4CH3-o CsH 9N 30  97 58 .8 8  58 .82  5 .5 6  5 .5 0  25 .7 4  25 .52
H (b) CJT4CH3-p CsHgNsO 133 58 .8 8  59 .43  5 .5 6  5 .5 8  25 .7 4  25 .90
n-C3H , C6H 5 C ioH,3N30  80 62 .81  62 .39  6 .8 5  6 .9 0  21 .9 6  21 .8 8
CeHCHi (d) C6H5 C„H13N30  78 70 .30  70 .51  5 .4 0  5 .9 4  17.56 17.47

CeH^CHs-p C6H4CH3-p C15H15N30  136 71 .1 4  70 .80  5 .9 7  5 .6 6  16 .60  16 .52
C10H, C6H4CH3-p C,sH15N30  175 74 .72  74 .37  5 .2 3  5 .8 5  14.55 14.37
Ci4H 9 C6H4CH3-p C22HnN30  200 77 .8 4  77 .9 0  5 .0 4  4 .8 0  12 .40  12.02

“ All melting points reported in this table are uncorrected.

The observation of single resonance lines for the behavior. The isomeric stability of aromatic aldoximes
compounds 12 and 13 can be rationalized on the basis is much better than that of aliphatic aldoximes.21-23
of steric interaction of the rotating naphthyl or anthryl Similarly the rate of cis-trans interconversion appears
group with the O-H group. This group, therefore, to be faster in arylazo oximes having R = H or alkyl
prefers to stay exclusively in the trans (e.g., 14) position than in those having R = phenyl or p-tolyl. Unsym-

mcvrical ketoximes also exhibit solution equilibria of 
/  \  / Ar isomers which can be identified by their pmr spectra.24
W  N=N Here again, steric factors can heavily tilt the equilibrium
/  \—C\ toward one of the isomers. Isomeric equilibria of
y —(  ' N— aliphatic ketoximes are known to be more facile than
\  }  H those of their aromatic counterparts.21

14
■xi i un v> Experimental Sectionwith respect to the bulky aryl group. When R  =

phenyl or p-tolyl, the hindrance will be much less and The arylazo oximes were prepared by following the procedure 
the pmr observation of two isomers can be understood. 3amberger,2 with slight modifications. We found n-butyl
m, ■ i i i c xl ri „n i ____ _ nitrite to be as effective as ra-amyl nitrite (which was used in theThe single resonances observed for the R =  alkyl cases original procedure of Bamberger). 0 f  the 'arylaz0 oximes studied
remain to be explained, bteric factors are certainly by us> benzeneazobenzaldoxime and benzeneazoacetaldoxime
unimportant here. We strongly suspect that these were already reported by Bamberger and Pemsel,2 benzeneazo-p-
systems also exist as isomeric mixtures, but the rate of tolualdoxime and p-tolueneazobenzaldoxime by Hunter and
interconversion is very fast. A temperature-dependent Roberts,18 and benzeneazoformaldoxime by Grammaticakis.11

, , , , , » , „ . 1 he characterization data of compounds not reported in literature
pmr study Will be extremely useful for proving this before are shown in Table VI. The compounds usually form
point. Such studies are planned to be undertaken. yellow to orange crystalline solids which readily dissolve in a

The solvent and concentration dependence of the variety of organic solvents. They also dissolve in aqueous
relative amounts of two pmr-observable species of 9 and alkali giving dark reddish brown solutions.
10  is not surprising in view of the complexity of the M u terai ion of arylazo oximes was carried out by precipitating

, o i  i x -  i l i  x -  ■ their solutions in dry dioxane with deuterium oxide,
solutions. Such solutions probably contain monomeric Proton resonance measurements were done on a Varian H R - 
and several polymeric species in isomeric forms. We 10C spectrometer. Tetramethylsilane was used as the internal
propose that all species with the d s  configuration are standard and frequencies were measured by the side-band
pmr averaged. The same separately happens for all technique. Areas were measured planimeterically. Visible
, . and ultraviolet spectra were measured on a Cary-14 recording
trans species. _ spectrophotometer. Infrared spectra were taken on a Perkin-

In conclusion, we shall summarize some of the earlier Elmer 521 recording spectrophotometer, 
pmr studies. In the solution phase aliphatic aldoximes Molecular weights were determined on a Mechrolab vapor 
exist in two isomeric forms 15 which give rise to charac- pressure osmometer, Model 301A, in chloroform at 37°. 
teristic C-H  signals.20 As the bulk of the R group

„ „  n it Registry No.—Table I— a, 4471-49-2; b, 4413-26-7;
\  /  \ /  c, 24621-45-2; d, 24621-46-3; Table I V - c ,  24621-47-4;

C C d, 4430-12-0; g, 24621-49-6; h, 24621-50-9; i, 24621-
i  l  51-0; Table VI—a, 24605-72-9 ; b, 24621-52-1 ; d, 24621-

/  \  53-2.
HO OH

(21) I .  T . M il la r  and H . D . Springall, “ S idgw ick’s Organic C hem istry  of

Increases, the population of the isomer 15a decreases. c. r . , „ . t  w.
The arylazo oximes (compare 9 with 12) show a parallel Simon, » * .  c h im  A c ta , 48,1 1 5 7  ( 1 9 6 5 ).

(23) W . Buehler, J .  O rg . C h e m ., 32, 261 (1967).
(20) W . D . Ph illips, A n n .  N .  Y . A c a d . S c i., 70, 817 (1958). (24) E . Lustig , J .  P h y s . Chem .., 65, 491 (1961),

2234 J .  Org. Chem., Vol. 35, No. 7, 1970 Kalia and Chakravorty



Reactions of Norbornyl-Type Ketones with D iazom ethane1
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Ethereal diazomethane containing 10% methanol reacts stereoselectively with norbornen-7-one to produce a 
mixture of spiro[norborn-2-en-anii-7,2'-oxacyclopropane] (34%) and bicyclo[2.2.2]oct-5-en-2-one (44%). Under 
similar conditions norbornan-7-one is four times less reactive and yields spiro[norbornan-7,2'-oxacyclopropane]
(<2%) and bicyclo[2.2.2]octan-2-one (>73%). Dehydronorcamphor is much less reactive and produces a mix­
ture of the ketopyrazolines exo-3,4-diazatricyclo[5.2.1.02'6]dec-3-en-8-one (~30% ) and exo-3,4-diazatricyclo- 
[5.2.1.02'6]dec-3-en-9-one (~60%). The probable mechanism of each of these reactions is discussed and ex­
planations are offered for the differing reactivity of these norbornyl-type ketones with diazomethane.

Norbornyl-type ketones show a surprising diversity K
in their reactivity toward the neutral nucleophile di- Et2o-MeOH
methyloxosulfonium methylide. Norcamphor (1) re- +  CH2N2 5days_25° ” no detectable reaction
acts predominantly from the ex o  side to yield a 9 0 : 1 0  (i)
mixture of saturated oxides: spiro [norbornan-endo-
and exo-2,2'-oxacyclopropane], 2 and 3, respectively.2 1
Dehydronorcamphor (4) reacts about twice as rapidly k
but is attacked preferentially from its more hindered Et.o-MeOH
en d o  side to produce a 2 9 : 71  mixture of unsaturated + CH2N2 ----------— ►
oxides: spiro [norbornen-endo- and e x o -5,2 '-oxacy- \
clopropane], 5 and 6, respectively.2 Bicyclo[2.2.1]- 0
hept-2-en-7-one (7) reacts very rapidly from the side of 4 io 10
the double bond to give the unsaturated spirooxide 8 5 fV  N fV
as the sole product.3 Bicyclo [2.2.1 ]heptan-7-one (9) ^
also reacts rapidly to yield some of the expected spiro- +  \ ®
oxide 10, but, in addition, produces large amounts i i  \  T j 1 \
of sulfoxides: methyl 7-(7-hydroxynorbornyl)carbmyl H H
sulfoxide and bis[7-(7-hydroxynorbornyl)carbinyl sul- 11a (60%) lib(30%)
foxide.4

These reactivity differences toward dimethyloxo- 
sulfonium methylide have been attributed to an elec- +  CH2N2 Et2°~̂ le0H>
tronic effect of the double bond in 4  and 7 which sta- f  250

bilizes the transition state for sy n  attack and fixes the
resulting zwitterion in the proper conformation for 7 Q
oxide formation2'3 to a steric effect of the e n d o -5,6- ' j T  M
hydrogens in 1 which hinders en d o  a ttack ,2 and to the ®
cumulative steric effect of the exo-hydrogens in 9 which /
makes it difficult for the intermediate to attain the pre-
ferred frans-coplanar conformation for the displacement
of dimethyl sulfoxide.4 In order to test these conclu-
sions and to determine whether these norbornyl-type O
ketones exhibit a similar pattern of behavior with other I Et.o-MeOH
neutral nucleophiles, we have examined their reactivity + CH2N2 —  *■
toward diazomethane. /

Results 9 A

Each of the ketones was dissolved in ether containing A l L ^ J  +  A a ' ' ^ /  ^
10%  methanol, combined with an excess of ethereal a A ^ ^ j  A ^ ^ - A
diazomethane, and allowed to stand in the dark at
room temperature for 1 -5  days. The reaction mix- 10 «2%) 13 (>73%)
tures were analyzed by gas-liquid partition chromatog­
raphy (glpc) on a Q uadrol-SAIB column.2 The re- The sj-m ctUres of the two ketopyrazolines, 11a and 
suits are summarized in eq 1-4 . , lib, obtained as a mixture from the reaction of diazo-

The structures of the volatile products 8, 10, 12, and methane and dehydronorcamphor (4), were inferred
13 were established by spectral comparison of collected ^  followg Both the elemental analysis, C8H10ON2, and
samples with the authentic compounds. 3 the mass spectrum, [MJ- + =  150, indicate th at 11

(1) Portions of th is  w ork were presented a t the  14th Southeastern Regional corresponds to the addition of One molecule of diaZO-
M eeting of the Am erican Chem ical Society, G a tlinburg , Tenn., N ov 1962; methane to each molecule of the ketone. The p r e s e n c e

c f „  “ The Branched C ha in,”  Vol. X V I I I ,  N o. 3, 1962, p 71. ,  o t r n n p -  C ,-= O  S t r e tc h e s  ( 1 7 5 7  a n d  1 7 2 2  c m - 1 ) i n  t h e
(2) R. S. B ly , C. M . DuBose, Jr., and G. B . Konizer, J .  O rg . C h e m ., 33, O I S t r o n g  U  U  o t r e iC  1, J 21

21(3)( R 6 K . B ly  and R. S. B ly , ib id . ,  28, 3165 (1963). (5) (a) W . C. W ild m a n  and R . R . Saunders,  i b id .  19, 881 (1954); (b )
(4) R . K . B ly  and R. S. B ly , i b id . ,  34, 304 (1969). H. M . W a lb o rsky  and D . F. Loncnm, J .  A m e r .  C h em . S a c ., 76, 5396 (1954).
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infrared spectrum of the product mixture and the fact diazomethane had disappeared, the composition of the
that a p-nitrophenylhydrazone can be prepared indicate reaction mixture was determined by glpc analysis on a
that the keto group remains intact in the product (s). Quadrol-SAIB column. From these data it was cal-
The A'-type pyrazoline ring is suggested by the ab- culated13 that the unsaturated ketone 7 is about four
sence of C = C , C = N , and N—H stretches in the in- times more reactive than the saturated ketone 9.
frared and Raman spectra and by the presence of a From the relative rates of reaction of norbornene and 
strong N = N  stretch at 1553 cm-1 in the infrared6 and dehydronorcamphor (4) with alcoholic, ethereal diazo-
1549 cm-1 in the Raman.7 That the pyrazoline ring is methane,6'14 it is estimated that the former is about
fused exo to the norbornane skeleton is indicated by the three times less reactive than the latter under similar
large difference in the chemical shifts of the methano conditions.
hydrogens at C-10, 5 1.53 and 0.83 ppm, respectively, Although the data of Sauers and Tucker16 indicate 
in the nmr spectrum of this material.8 Finally, it is that norcamphor (1) reacts slowly with diazomethane to
clear from the two perturbed singlets at S 3.18 (TFH = produce a complex mixture containing the 2- and 3-
7.5 Hz) and 3.03 (Wu =  4 Hz) which together inte- ketobicyclo[3.2.1]octanes in the ratio of 1.0:1.6, it is
grate for one hydrogen and correspond to norbor- clear from our data that 1 is the least reactive of the
nane-type bridgehead protons on the side nearest the ketones examined here toward this neutral nucleophile,
azo group,9-11 that this material is a mixture of the
two ketopyrazolines 11a and lib . Since the broader Discussion
of these two resonances, i.e., at 5 3.18, corresponds to a
bridgehead proton flanked by carbonyl-adjacent meth- The reaction of 7-ketonorbornene (7) with diazo- 
ylene hydrogens, i.e., to the C -l-H  of l ib ,12 it is methane is notable in three respects: it is more facile
apparent from integrations of these two bridgehead- than that of the saturated analog 7-ketonorbornane
hydrogen resonances that the ketopyrazoline mixture 11 (9), it produces a much higher proportion of epoxide
consists of about one-third lib  and two-thirds 11a. than does that of 9, and it yields the anti-oxide 8, stereo-

In spite of the fact that the mass spectrum of the selectively. The reaction may be formulated as shown
ketopyrazoline mixture 11 exhibits a fragment of low in Scheme I. 
intensity corresponding to the loss of nitrogen from
the molecular ion, e.g., [M] • + — 28 = 122, all attempts Scheme I
to isolate a cyclopropanonorbornanone, 14, from its q
pyrolysis were unsuccessful. A similar failure has been |
reported in the case of the pyrazoline 15 formed from r\ + :ch2 N=N:  *■
the addition of diazomethane to norbornene.6

r  h  h  h  n 2 i  h  n 2

I H \  I h  0 O , C s +  0 > . C .  ,C >£>

H 0  H H ^  J ^ C H +  H S P \ (?)

In order to estimate the relative reactivity of ketones A ^ A  A ^ A  A A j e
7 and 9, an equimolar mixture of the two was allowed to L 16a 16b -1 17
react with a less-than-stoichiometric amount of diazo- I \  /
methane. After the yellow color of the unreacted \  /

12
(6) N. S. Zefirov, P. Kadziauskas, and Yu. K. Yuriev, J .  Oen. Chem.

U S S R . 36, 23 (1966); Zh. Obshch. K h im ., 36, 23 (1966).
(7) (a) Cf. L. J. Bellamy “The Infra-red Spectra of Complex Molecules,” Al+hnnrrh 1 7  ia o ncocikla „ „ „ a a

2nd ed, John Wiley and Sons, Inc., New York, N. Y., 1968, p 272, and ref- A lth o u g h  1 7  IS a  possible in te rm e d ia te  On th e  ro u te  to
erences cited therein, (b) We thank Dr. James R. Durig and Mr. John Cas- th e  U nSatU rated ketOIle 12, i t  ap p ears th a t  l ittle  if
PeiRMT>his £etpt™inatio11- any of the ring-enlarged ketone is formed from this

(8) The effect of the azo group on chemical shifts of the C-10  hydrogens of i • . .
11 is similar to, though of smaller magnitude than, the effect of the etheno ZWltteriOIl. ASSUming t h a t  th e  r a te  of Conversion of
bridge on the positions of the C-9 hydrogen resonances in 1,4,4a,5,6,7,8,8a- 9  to  18  (S ch em e I I )  is a t  le a st tw ice  aS g re a t  aS th e  ra te

r s K t z r z i K s r s s S K — “ s “  • » « * • » * * « » » > * r j • * estim*tedthat
shifts are apparent in the ezo adducts of phenylazide and norbornadiene,9* U0 more tiiail (U.98 X 0.5)/(0.56 X  4) Or about One- 
and diazomethane and norbomene.«.»b ’ fifth of the total ketone, 12, is produced from the “anti”

(9) (a) S. McLean and D. M. Findlay, Tetrahedron  Lett., 2219 (1969); „w :aa 17
(b) R. K. B„ unpublished work. ZWltteriOIl 1 / .

(10) The effect of the azo group on the chemical shift of the norbornane T h e  te n d e n cy  of 7  to  re a c t  w ith  diaZO m ethane fro m
bridgehead hydrogens in 11 is much greater than that of the carbonyl. In th e  side of th e  double bond m a y  sim p ly  reflect th e  f a c t  
norcamphor the C-l hydrogen appears at 5 2.48, the C-4 hvdrogen at S i r  i  at* -.«At, * 1 V  j  , n  i ■ i n .
2.62.1' that this path is less hindered. Certainly 7 reacts with

(11) (a) R. R. Sauers and P. E. Sonnet, Chem. I n i .  (London), 786 (1963); Other nucleophiles p red o m in an tly  Or e xclu siv ely  fro m
(b) E. J. Corey, L. Casanova, Jr., P. A. Vatakencherry, and R. Winter, th e  S l/H  d ire ctio n 2 and in th e  c a w  nf th e  7 narhnm oU,
J .  A m er. Chem. Soc., 8J, 169 (1963); (c) see also, K. D. Berlin and R. Rang- U d irectio n  an d , in  m e  Case Ot th e  /-C arb o m eth -
anathan, T etrahedron , 25, 793 (1969).

(12) We base this conclusion upon the fact that in the nmr spectrum of (13) T. S. Lee in "Technique in Organic Chemistry,” Vol VIII S L
the keto pyrazoline mixture which results from the reaction of diazomethane Friess and A. Weissberger, Ed., Interscience Publishers, New York N . Y.
with dehydronorcamphor containing 1.6 equiv of deuterium at the C-3 posi- 1953, p 100 ff.

^  rfsonance’ t.e., 5 3.03, remains unchanged at (14) C. H. Norton, Ph.D. Dissertation, Harvard University, 1955, pp
4 Hz while that of the lower field resonance at 5 3.18 is decreased from 7.5 to 151—152.

~5 Hz; cf. Experimental Section. (15) R. R. Sauers and R> R Tuckeri ,  0 rg _ C hem  87g (lg63)
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Scheme II Charge delocalization as depicted in 19 could also act to
0 increase the epoxide-to-ketone ratio in the unsaturated
| + case, 7, by further stabilizing 16a with respect to 16b.

J y .  + ;CH2— N=N: —*■ Gutsche, et a l,,19 following an earlier suggestion of
/ ' T  /  Bradley, Cowell, and Ledwith,20 postulate that some

cyclic ketones may react with a diazoalkane by either 
9 or both of two paths: nucleophilic attack of the diazo-

H H H N. alkane at the carbonyl carbon of the ketone to produce
0 ~ \ C  a complex” which is converted via the usual

Y  v n2 zwitterion to a mixture of epoxide and ketone (Scheme
5 h H I), or by electrophilic attack of diazomethane on the

carbonyl oxygen of the ketone to produce a “type-B 
6 complex” (Scheme IY) which yields only epoxide.

18a 18 b

| | Scheme III

“ <<w> ,3(>98) N  G b O b
oxynorbornenes, at least, the syn isomer is the more . _ + A ( j f\  ( y  A
stable.16 > c=CO; -K H 2C— N=N: —  M M u  —*

Whether the increased reactivity of 7-ketonorbornene ^  V V
(7) with respect to 7-ketonorbornane (9) can also be at- y Q  9
tributed to a decrease in steric hindrance is less cer- A  A
tain. Brown and Muzzio17 have shown that 7 is less
reactive than 9 toward reduction with sodium borohy- "type-A complex”
dride and have attributed the decreased rate to the
inductive effect of the double bond. Our previous I + I I
studies of the reaction of 7 with sulfur ylides indicate 9 N* __ 9 , , 9\ q-.
that the double bond may decrease the rate of anti __q__q -  r  ' __y
attack and increase the rate of syn attack.2 We have | ” j
ascribed the latter effect to charge delocalization.
Similar delocalization may also act to enhance the reac- Scheme IV
tivity of 7 toward diazomethane by stabilizing any
positive charge which develops on the terminal nitrogen + H2C—N=N:  ►
in the transition state, i.e. " ^

h  h  ^

X ) J j * *  - ...X -
• \  i

The relatively greater tendency of 7-ketonorbornene type B complex £ __
to produce epoxide rather than ring;-enlarged ketone /  \
(cf. eq 3 and 4) can probably be attributed to the ab- — C— 9'
sence of exo hydrogens at C-2 and C-3. Thus the inter- I
mediate “syn” zwitterion is able to adopt a conforma­
tion, 16a, which is favorable for the intramolecular dis- They argue that the well-known tendency of a hindered
placement of nitrogen by the nucleophilic oxide (Scheme ketone to produce a high proportion of epoxide-to-
I). In the corresponding zwitterion 18 (Scheme II), ketone21 reflects its greater propensity to react via the
formed in the reaction of 7-ketonorbornane (9) and less hindered type-B complex.
diazomethane, the exo hydrogens at C-2 and C-3 desta- We doubt that the increased tendency of 7-ketonor- 
bilize 18a with respect to 18b and ring enlargement bornene (7) relative to 7-ketonorbornane (9) to pro-
is the preponderant reaction. A related effect on the duce epoxide when treated with diazomethane can be
extent of hydrogen migration vs. ring enlargement has due to type-B complex formation, since such a complex,
been observed in the acetolyses of syn- and anti-7- 20, even though it might involve relatively little x-
brosyloxymethylnorbomenes and to a lesser extent in electron delocalization22 (e.g., 20c) would not be expected
the acetolysis of 7-brosyloxymethylnorbornane.18

(19) (a) C. D. Gutsche and J. E. Bowers, J .  Org. Chem ., 32, 1203 (1967);
(16) R. R. Sauers and R. M. Hawthorne, Jr., J .  Org. Chem ., 29, 1685 (1964). (b) C. D. Gutsche and D. Redmore, “Carbocyclic Ring Expansion Reac-
(17) H. C. Brown and J. Muzzio, J .  A m er. Chem . S oc., 88, 2811 (1966). tions,” Academic Press, New York, N. Y., 1968, p 81 ff.
(18) (a) J. A. Bereon and J. J. Gajewski, ib id ., 86, 5020 (1964); (b) R. K. (20) J. N. Bradley, G. W. Cowell, and A. Ledwith, J .  Chem . S oc ., 4334

Bly and R. S. Bly, J .  Org. Chem ., 31, 1577 (1966); (c) J. A. Berson and M. J. (1964).
Poonian, J .  A m er. Chem . S oc., 88, 170 (1966); (d) J. A. Berson, J. J. Gajew- (21) C. D. Gutsche, Org. R eact., 8, 364 (1954), and references cited
ski, and D. S. Donald, ib id ., 91, 5550 (1969); (e) J. A. Berson, M. S. Poon- therein.
ian, and W. J. Libbey, ib id ., 91, 5567 (1969); (f) J. A. Berson, D. S. Donald, (22) Because most of the stabilization is expected to be achieved by de-
and W. J. Libbey, ib id ., 91, 5580 (1969). localization of the positive charge to oxygen, e.g., 20a.
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to decompose exclusively to the anti oxide, 8 (Scheme (4), they are still apparent nevertheless. Not only 
V ).23 does the nucleophilic carbon of diazomethane react

twice as rapidly at the 5 position (C-5) as it does at the 
Scheme V 7  (C-6), but the reaction is also enhanced by the elec­

tron-withdrawing effect of the carbonyl,29 viz.
n iS  H^C=N=N-

' ■ - ¿K
V"

N, N2 N2_ This result implies that in [2 +  3 ]  cycloaddition reac-
^  ^  ^ tions of diazoalkanes with double bonds, C -C  bond

/  1 /  2 /  1 formation is more important in the transition state
:0 + ;0 ; - Y  —► than is N -C bonding.24'27 The enhanced double bond
II + k L  reactivity of dehydronorcamphor (4) coupled with the

decreased electrophilicity of its carbonyl (compared 
/ Y - Y / /  yC-A-J j y  with that of 7)2'3'17 is apparently sufficient to render

20a 20b 20c pyrazoline formation the exclusive reaction in this
L  J  case.30

"type-B complex”
0^-^ _ _ o  Experimental Section31

,/ Reaction Products of Bicyclic Ketones with Diazomethane.
^-Ketonorbomene (7).— To a solution of 1.0 g (0.093 mol) 

of 7-ketonorbornene (7) in 10 ml of ether containing 10%  meth- 
8 21 (not found) anol was added 30 ml of 0.45 M  ethereal diazomethane. The

mixture was allowed to stand in the dark at room temperature 
overnight. At this time the solution was still a pale straw color. 

The exclusive double bond attack that is observed The reaction mixture was analyzed by glpc at 110° on a Quadrol-
when diazomethane reacts with dehydronorcamphor SAIB column.2 Two components with relative retention times
(4) is reminiscent of the unique formation of pyrazoline and (abundance) of 1 (42% ) and 5.3 (58% ) were found to be

, . , . , - in , , • t • - i  present. A small sample of each of the products was collectedwhich is typically observed in the non-Lewis acid- from the Quadrol colunn. Xhe ir and nmr spectra of the first
catalyzed reactions of this “ 1,3-dipole ,24 with a ,ß -\ in -  component were found to be identical with those of authentic
saturated aldehydes and ketones.21 Attempts to induce spiro[bicyclo[2.2.1]hept-2-en-anif-7,2'-oxacyclopropane] (8).3
carbonyl attack on 5 by the addition of boron trifluoride The second component was identical in all respects with authentic
etherate or aluminum trichloride25 were unsuccessful.26 bicyclo[2 .2 .2 ] oct-5-en-2-one (1 2 ) .-  The ethereal solution was 

. » ,. , ,  concentrated under atmospheric pressure, and the residue was
The reaction of diazomethane with a double bond to distilled in a short-path still at 100- 110° (20 mm) to give a total

produce a A’-pyrazoline can probably be formulated as of 0.873 g (78% ) of product. An nmr analysis of the distillate
a [2 +  3 ]  cycloaddition.27 Even though such reac- showed the presence of epoxide8 (44% ) and ketone 12 (56% ).
tions are thought to occur in a concerted manner by B - 7-K-etonorbornane (9) (1.0 g, 0.092 mol) was treated with
w a v  of an “ ison nlar”  tran sitio n  s ta te  23 th e  form atio n  of ethereal diazomethane exactly as described for 7 (part A ). Afterw a y  ol an  isop oia . tra n sitio n  s ta te , th e  fo rm atio n  ol 24 hr  ̂ glpc analysis of the reacti0n mixture showed two com-
th e  tw o new  a  bonds need  n o t be co m p lete ly  sy n ch ro n - ponents with relative retention times and (abundance) of 1
ous, an d  such  ad d ition s u su a lly  resp on d  to  electro n ic  « 2 % )  and 5.0 (> 9 8 % ). The major component was collected
effects in a predictable manner.24'27 In particular, the from the Quadrol column and was found to be identical with
substitution of electron-withdrawing groups such as authentic bicyclo[2.2.2]octanone (13).5b The minor component 

, n, , , , , ,. , , , was not isolated m pure form, but we believe it to be spiro bi-
cyano, carbalkoxy, carbonyl, or carboxyl on the double cyclc [2 .2 .1]heptan-7 ,2 '-oxacyclopropane] (10), since the glpc
bond of th e  1 ,3-d ip olarop h ile  en han ces th e  r a te  of retention time of this component was identical with that of au-
ad d itio n  an d  cau ses d iazoalk an es to  p ro d u ce  p red om i- thentic 104 on Quadrol-SAIB, Carbowax 20M , and Ucon (non-
n a te ly  3 - ra th e r  th a n  4-S u b stitu ted  A '-p yrazolin eS .24 Polar ) columns.31 The remaining solution was concentrated at

T h o u g h  such  effects a re  p re d icta b ly  sm aller in a  ^  tbe rf idue sublimed at 100° (15 mm)

ß ?y -u n sa tu ra te d  k eton e  such  as  d e h y d ro n o rcam p h o r Dehydronorcamphor (4) (2.2 g, 0.020 mol) was allowed
(23) Actually, to the extent that 20c contributes to its stability, 20 would to react with the ethereal diazomethane solution (see part A) for

be expected to yield 21 predominantly or exclusively; cf. (a) S. Winstein, cays. The solvent was removed under reduced pressure and
M. Shatavsky, C. Norton, and R. B. Woodward, J .  A m er. Chem . Soc., 77, the residue distilled in a short-path still at 110° (0.08 mm). Re-
4143 (1955); (b) S. Winstein and M. Shatavsky, ib id ., 78, 592 (1956); distillation of the reddish oil at 100° (0.08 mm) gave 2.6 g (93% )
(c) A. Diaz, M. Brookhart, and S. Winstein, ibid., 88, 3133 (1966); (d) M. -------------------
Brookhart, A. Diaz, and S. Winstein, ib id ., 88, 3135 (1966). (29' Attack by the nucleophilic carbon of diazomethane occurs twee as

(24) R. Huisgen, Angew. Chem. In t. E d . E ngl., 2, 565, 633 (1963), and rapidly at C-6 in 4 as it does at either end of the double bond in norbornene.
references cited therein. (30) A referee has suggested that the greater tendency of these bicyclic

(25) (a) H. O. House, E. J. Grubbs, and W. F. Gannon, J .  A m er. Chem . ketones to yield epoxides with ylides may reflect the displacement-promoting
S oc., 82, 4099 (1960); (b) E. Müller, M. Bauer, and W. Rundei, Z. N atur- properties of the solvent DMSO. This may be a valid point for we have yet
fo rsch , B , 15, 268 (1960); T etrahedron  Lett., No. 13, 30 (1960); No. 4, 136 to investigate this aspect of the problem.
(1961); (c) W. S. Johnson, M. Nieman, S. P. Birkeland, and N. A. Fedorak, (31) Microanalyses were performed by Bernhardt Mikroanalitisches
J .  A m er. Chem . Soc., 84, 989 (1962). (d) Fora comprehensive review see Laboratorium 5251 Elbach über Engelskirchen, Germany. Spectra were
E. Müller, H, Kessler, and B. Zeek, Fortschr. Chem . F orsch ., 7, 128 (1966). determined on a Perkin-Elmer grating spectrophotometer, Model 337, a

(26) The only product that could be isolated under these conditions was Varian A-60A nmr spectrometer, and a Hitachi Model RMU-6E mass spec-
polymethylene, R. K. B., unpublished. trome*er. Gas chromatographic analyses were carried out in an F & M

(27) E. M. Kosower, “An Introduction to Physical Organic Chemistry,” Model 500 chromatograph using 8 ft X 0.25 in. coiled copper columns packed
John Wiley and Sons, Inc., New York, N. Y., 1968, p 209 ff. with 20% Quadrol-SAIB2 on 60-80 mesh Gas-chrom CL and 20% Carbo-

(28) Reference 27, p 195. wax 20M or Ucon oil (non polar) on Gas-chrom A.
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of a viscous liquid (11): ir (neat) 2970, 2930 (sh), 2900 (sh) (CH ); Preparation of 3,3-Dideuteriodehydronorcamphor.35— Dehy-
1757, 1722 ( C = 0 ) ;  1553 cm -1 (N = N ); Raman (neat) 1549 dronoreamphor2 (0.50 g, 4.6 mmol) was dissolved in 20 ml of a
cm ”1 (N = N )7a; mass spectrum [M]-+ =  150. The nmr (CC14) 1 :2  D20-dioxane mixture containing 0.03 N  sodiumdeuterioxide.
spectrum of the product mixture 11 exhibits a complex three- The solution was heated at 85° for 4 days, cooled, and poured

into a separatory funnel containing 20 ml of pentane and 10 ml of 
0.4 N  aqueous nitric acid. The aqueous solution was extracted  

pr TT'. H - H' H . H  ̂ with three additional portions of pentane. The pentane extract
was dried (Na2S 0 4) and the solvent was removed at atmospheric 

N - V  ’ /V  ) h  N =N  'T V  lH  pressure. Distillation of the residue in a short-path still at
|| I I - 1 0 0 °  (30-40 mm) gave 280 mg (55% ) of partially deuterated

/  jH ' H \ 7 \ / 3 ^ k y  JH' product: ir (CCh) 2235 , 2175 , 2125 cm " 1 (C -D ); mass spec-
i ] '  \  ' t v Y  * [ j r  \  trum [M ]-+ = 109 (37% ) and [M]- + =  110 (63% ). The
pj 0  v  h  0  nmr spectrum (CC1<) showed a broad singlet a t « 1 .85-1.65

jja Uk (-CO C H D -) with an area corresponding to ~ 0 .4  hydrogen (com­
pared to 2.0  hydrogens in dehydronorcamphor) but was other­
wise identical with that of nondeuterated 4.

hydrogen multiplet between ¿ 5 .0  and 3.83 which we attribute to Reaction of Mono- and Dideuterated Dehydronorcamphor with
the hydrogens that flank the azo group.9’10,32 The C-2 and the Diazomethane. A mixture of 3-deuterio- and 3,3-dideuterio-
C-5 hydrogens apparently have similar chemical shifts in each dehydronorcamphor (vide su pra ) was treated with ethereal diazo­
isomer. One of the methylene hydrogens at C-5 is split by the methane in the manner described for the nondeuterated ketone
other nonequivalent C -5 hydrogen,33“ and by those at C-2 and 4 to yield a mixture of the deuterated ketopyrazolines 8-deuterio-
C-6 into an eight-line multiplet centered at 8 4.63 that is super- an(i 8,8-dideuterio-exo-3,4-diazatricyclo[5.2.1.02,6]dec-3-en-9-one
imposed on a second complex multiplet centered at ~ 8  4.7 which and 9-deuterio- and 9 ,9-dideuterio-eso-3 ,4 -diazatric5Tlo-
is due to the single hydrogen at C-2 . The other C-5 hydrogen [5.2.1.02,6]dec-3-en-8-one: ir(CCl<) 2800, 2735, 2680, and 2630
(H ') is also coupled to the three hydrogens at C-2, C-5 (H ), and cm 1 (C -D ); mass spectrum [M] -+ =  151 (38% ) and ]M] - +
C-6 , and appears as a pair of asymmetric quartets centered at =  152 (62% ). The nmr spectrum (CCh) of this mixture showed
~ 8  4.18. The principal coupling is apparently between the a complex multiplet at 3 2 .2 -1 .8 corresponding to 2.4 hydrogens 
nonequivalent C-5 hydrogens H and H '; J  =  —18 H z .33 The an(i a singlet at 5 3.17 (K h =  5 H z). In other respects the
bridgehead hydrogens at C -l in lib  and 11a respectively give spectrum did not differ significantly from that of the nondeu-
rise to broad singlets at 8 3.18 (W b  =  7.5 Hz) and 3.03 (K h =  terated ketopyrazoline mixture 11 .
4 Hz) corresponding to */j and 2/3 of a hydrogen each .10 The Competitive Reaction of 7-Ketonorbornene (7) and 7-Keto- 
bridgehead hydrogen at C-7 in 11b appears as a broad (ITh =  norbomane (9) with Diazomethane. To a solution containing
7.5 Hz) singlet at S 2 .44 ,12 while the C-7 hydrogen of 11a con- 42 mg (0.39 mmol) of 7 and 40 mg (0.36 mmol) of 9 in 2 ml of
stitutes a portion of a complex 3 y 3 proton multiplet extending ether was added 2 drops of methanol and 1 ml of 0.4 M  ethereal
from 8 2.33 to 1.87 which includes the C -8 hydrogens of 11a, diazomethane. The solution was allowed to stand at room tem-
the C-9 hydrogens of lib , and the C-6 hydrogen of each isomer. perature for 2 hr and then analyzed on the Quadrol-SAIB col- 
The C-10 hydrogens of both 11a and lib  have similar chemical umn at 110°. The mixture was found to contain 16%  7, 41%
shifts and appear as a 2 proton, AB quartet,33b’34 J h.h' =  - 1 2  9, 14%  epoxide 8 , 21%  ketone 12, and 8 %  ketone 13; i .e .,  the
Hz, centered at 8 1.18. This quartet collapses into two broad relative reactivity of ketones 7 and 9 is approximately 1 :4 .13 
singlets when irradiated at 8 1.53 +  44 Hz or at 8 0.83 -  44 Hz. Relative Reactivity of Norbornene and Dehydronorcamphor

A nal. Calcd for C8HwONa: C, 63.98; H , 6 .71; N, 18.65. (4 ) with Diazomethane.— Solutions containing (a) 75 mg (0.80
Found: C 63.70' H 6 .74 ' N 18.01. mmol) of norbornene and 0.03 ml of ethanol, and (b) 86 mg (0.80

A p-nitrophenylhydrazone was prepared in the usual manner, mmol) of dehydronorcamphor (4), 0.03 ml of ethanol and 0.05 ml
mp 221-223° dec. of anis°le> in 4 ml of 0.25 M  ethereal diazomethane were allowed

A nal. Calcd for Ci4H 15N 60 2: C, 58.93; H, 5 .30; N, 24.55. to stand in the dark a t room temperature. Samples were with-
Found: C 58.87' H 5.40- N 24.44. drawn at various times and analyzed on the Quadrol-SAIB

D. Norcamphor (1) (l.O g, 0.091 mol) was mixed with an ethe- column. The extent of each reaction was estimated by corn-
real solution of diazomethane as described in part A and allowed parison of the peak area of the unreacted starting material with
to stand at room temperature for 5 days. A glpc analysis of the that of an unreactive component: ethanol in solution a, anisole
still yellow solution revealed only the unreacted starting ketone in solution b. The time required to consume 75%  of the starting
1. Removal of the solvent followed by sublimation of the residue material was 25 hr for norbornene and 7.5 hr for dehydronor-
at 100° (20 mm) led to the recovery of 0.865 g (87% ) of unreacted camphor.

norcamphor. Registry No.'— Diazomethane, 334-88-3; 1, 497-
---------------  38-1; 4, 694-98-4; 7, 694-71-3; 9, 10218-02-7; 11a,

(32) We designate two magnetically nonequivalent hydrogens of a methyl- 2 4 6 2 7 -2 3 -4  j 1 lb, 2 4 6 2 7 -2 4 -5 .
ene group as H and H' but make no attempt to attribute uniquely an ob- .
served chemical shift to either one of the two individual hydrogens. Acknowledgment.— It is a pleasure to thank the

(33) The geminai coupling constant of nonequivalent hydrogens on a Petroleum Research Fund of the American Chemical
r Z ’.Society, Grant No. 911-A4, tor their generous support

he iron , 25, 4681 (1969), and references cited therein; (b) ib id ., 25, 4711 of th e  m a jo r p ortio n  of th is  Work.
(1969).

(34) L. M. Jackman, “Applications of Nuclear Magnetic Resonance Spec- (35) We thank Dr. Thomas T. Tidwell for helpful advice on the prepara-
troscopy in Organic Chemistry,” Pergamon Press, London, 1959, pp 89-90. tion of this material.
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The unequivocal synthesis of (S)-2-methyl-l,2,3,4-tetrahydroquinoxaline via the sequence y-a-alanine 
(l- 1), (S)-N-(2-nitro-5-bromophenyl)-a-alanine (S-2), (S)-3-methyl-6-bromo-3,4-dihydro-2(lH)-quinoxalinone 
(S-3) (S)-2-methyl-7-bromo-l,2 ,3,4-tetrahydroquinoxaline (S-4), and (S)-2-methyl-l,2,3,4-tetrahydroquinox- 
aline"(S-5) is described, as well as the resolution of R S-5  into R -5. Physical properties and derivatives are re­
ported for the above compounds.

The 2-quinoxaloyl unit present in triostin and quino- above series had been solved, the work was repeated 
mycin antibiotics2 has not as yet had its biological using optically active a-alanine. No marked differ-
source elucidated. The authors conjecture that the 2- ences between the racemic and the optically active com-
quinoxalinecarbonyl unit may form in  vivo initially in pounds were observed. As expected, RS-2, R S -3, and
the reduced state via condensation of 2,3-diaminopro- RS-5  were lower melting than S-2, S-3, and £ -5 ; how-
panoic acid with catechol to give l,2,3,4-tetrahydro-2- ever, R S -4 was higher melting than S-4.
quinoxalinecarboxylic acid, or with 5-dehydroshikimic The B r atom oi o-bromonitrobenzene was not dis- 
acid to give 2-decahydroquinoxalinecarboxylic acid. placed by the nucleophilic amine nitrogen attack of a-
Tetrahydroquinoxalines are also of interest as models alanine. Hence, increased activity of the Br was sought 
for tetrahydrofolic acid.3 by having a second negative group appropriately dis-

The purpose of this paper is to report the unequi- posed on the benzene ring. Although the carboxyl,4'6
vocal synthesis of (S)-2-methyl-1,2,3,4-tetrahydro- the carbomethoxy,6 and the nitro7-8 groups have been
quinoxaline (S-5) as a potential configurational stan- utilized for just such activation roles, the replacement
dard for all future work dealing with 2-substituted re- of these groups with H requires too lengthy a synthetic
duced quinoxalines. Because of ready availability, sequence. Therefore, 2,4-dibromonitrobenzene was
l- a-alanine was utilized to provide the asymmetric chosen as the portal compound for the above series,
center of 5. because the p-Br was expected, by a one-step hydro-

The synthesis of 5 was executed via the sequence genolysis reaction, to subsequently yield its place (in 4)
l- a-alanine (l-1), (£)-N-(2-nitro-5-bromophenyl)-a- toH .
alanine (S-2), (S)-3-methyl-6-bromo-3,4-dihydro-2(lH)- N-(2-Nitro-5-bromophenyl)-a-alanine (2) was pre- 
quinoxalinone OS-3), (S)-2-methyl-7-bromo-l,2,3,4-tet- pared by condensing a-alanine (1) with 2,4-dibromo-
rahydroquinoxaline (S-4), and finally (S)-2-methyl- nitrobenzene by a modification of the method of Van
1,2,3,4-tetrahydroquinoxaline (S-5) (Scheme I). Dusen and Schultz.9 Inverse addition of the reagents

(aqueous KHCCh-alanine to alcoholic 2,4-dibromonitro- 
Scheme I benzene) was found effective in preserving homogeneity

of the reaction solution and affording good yields of 2. 
B r ^ / \ ^ - B r  H2N'N'C:=3CH Stannous chloride reduction of 2 to 3 gave consis-

I Q T  + | 3 — *- tently good yields. However, catalytic reduction dis-
C. played the following surprising results. Raney nickel

HO 0  catalyst reduction of the K  salt of 2 in H20  afforded
l-1 moderate yields of 3. Palladium-charcoal catalyst

H H H gave infuriatingly nonreproducible results: generally
bI'vvr^v ^ 'N '--— C^aCH (but not always) in aprotic TH F good yields of 3 were

[ O J  I 3 — ► T Q I  X T  3 —*■ obtained, whereas in protic EtOH tars and/or hydro-
^  O ' S )  genolysis of Br were observed, yielding 3-methyl-2(lH)-

O2H quinoxalinone (via 3-methyl-3,4-dihydro-2(f H)-quinox-
S -2 S-3 alinone, which spontaneously dehydrogenated during

H isolation).
The Br of 3 played the fortuitous role of stabilizing 

J " 3 3 —*■ j  ^ 3 3; however, 3 dehydrogenated to 3-methyl-6-bromo-
L\ /''-]S r 2(lH)-quinoxalinone9 with heating, prolonged standing

H H in organic solvents, or passage through an alumina
S -4  S-5

Initial work commenced with DL-a-alanine, and after <4) FMf 9°4h,en'Q̂ ,Weichbrodt’ and J' Plenikow3ki- Justus Liebigs Ann•. ; Chem ., 581, 242 (1953).
chemical problems related to the preparation of the (5) W. Blackburn, M. Danzig, H. Hubinger, D. Soisson, and E. P. Schultz,

J .  Org. Chem ., 26, 2805 (1961).
(1) (a) Part XV: H. R. Moreno and H . P. Schultz, J . M ed. Chem ., 13, (6) R . W. Holley and A. D. Holley, J .  A m er. Chem . Soc., 74, 1110, 5445

119 (1970); (b) NSF Trainee, 1969-present; (c) NSF Trainee, 1966-1967; (1952).
abstracted in part from the M. S. thesis of P. J. W. (7) L. Horner, U. Schwenk, and E. Junghanns, Ju s tu s  L ieb ig s  A n n .

(2) H. Otsuka and J. Shoji, T etrahedron, 23, 1535 (1967), and references Chem ., 679, 220 (1953).
therein. (8) K. L. Kirk and L. A. Cohen, J .  Org. Chem ., 34, 395 (1969), and many

(3) S. J. Benkovic, P. A. Benkovic, and D. R. Comfort, J .  A m er. Chem . references in all above.
S oc., 91, 5270 (1969). (9) R. Van Dusen and H. P. Schultz, ib id ., 21, 1326 (1956).
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colum n. C u riou sly , 3  w as stab le  in boiling w a te r, b u t R S-2: 38 .5% ; mp 174-175° (lit.9 175-177°); uv and ir same
n o t in boiling organ ic  so lv e n ts ! a sS -2 .

R e d u ctio n  of 3  to  4  w as effected w ith  T i A ITT in ^ '2: ^3.5% ; mp 186 .5-187.5°; mmp ( R-2 and S-2) 174- n e o u c u o n  oi d to  4  w as effected  w ith  L 1AIM 4 m  176<>; [q,]27d _ 8-00° (c 2 .5 , T H F), - 5 9 .0 °  (c 1.5, HOAc);
dioxane. A liq u ot p ortio n s of th e  re a ctio n  solution , uv and ir same as S-2. A nal. Found: C, 37.60; H, 3.38;
m o n ito red  for d isap p earan ce  of th e  ca rb o n y l p eak  in Br, 27.95; N, 9.81.
th e  ir sp ectru m , in d icated  12 h r  as th e  op tim u m  re d u c- 3-Methyl-6-bromo-3,4-dihydro-2(iH)-quinoxalinone (3).
tio n  tim e. S im ilar red u ctio n  exe cu te d  in TH F re - A solution of 11.5 g (0.04 mol)

quired  lon ger re a c tio n  tim es (2 4 -4 8  h r) an d  resu lted  111 (0.2  mol) of SnO h-2H ,0 in 400 ml of E to n  12 N  IICl (1 :1 )
con sid erab le ra ce m iz a tio n  of th e  a c tiv e  isom er. R e - and stirred until colorless (40 hr) in a sealed desiccator initially
d u ction  did n o t o ccu r in d ie th y l e th er, c o n tra ry  to  evacuated to 10 mm. After concentration in vacuo to 100 ml,
w h a t w as ex p e cte d  in ligh t of th e  findings of S m ith , 200 ml of H2°  wa.s added and the m ature was cooled at 0° and
R ebel and R each  10 filtered. The moist product was thoroughly washed with water

^  ’ , . . .  (otherwise the material obtained is a SnCb complex of the quin-
C om p ou nd  4  w as sm o o th ly  h yd rogen olyzed  to  5  oxalinone) and dried to give 7.24 g (75% ) of white needles. Re-

b y  P d - C  c a ta ly s t  in K H C C h -E tO H  solution . crystallization from hot water (55 m l/g) with filtration through
S everal exp erim en ts  sh o rten ed  th e  w ork  req u ired  fo r glass wool gave 6.35 g (66% ) of solid; again recrystallization by

th e  tra n sfo rm a tio n  of 2  in to  5  w ith o u t iso lation  of th e  dissolving in cold (24°) CHCb (10 m l/g) and, after treatment
i i , • i • -i , with decolorizing carbon and Filter Aid, addition of ligroin (bp

in term ed iate  com p ou n ds b y  exe cu tin g  ch em ical an d  10 m l/g) and coolirlg at 0 » gave 5 .32 g (55% )Bof w/lit/
c a ta ly tic  red u ctio n s one a fte r  th e  o th e r in th e  ap p ro - fibrous needles.
p ria te  so lven t. A lth o u g h  a n a ly tica lly  p u re  R -5  an d  S-3: 42% ; mp 132.5-133.5°; uv max 229 mu (| 39,400),
S -5  w ere th u s  o b tain ed , o p tica l a c tiv itie s  in d icated  th a t  2?4 (400°)> 315 (6300); ir (K Br) 3375, 3400 (N H ), 1676 ( C = 0 ) ,

exten siv e  ra ce m iz a tio n  of th e  com p ou n ds h ad  o ccu rre d . P™a l i m 0« 7a / ' 3V w  J  =  7 ,H 7’ a  aF / k TTA’rp, » i, „ , , 3.98 (m, 2 H, CH and NH ), 6.74 (m, 3 H, aromatic), 9.63 (broad
t h e  op tica l an tip o d e (R -5) of S - 5  w as p rep ared  b y  Sj i H , CONH), multiple! at 3.98 became a quartet ( J  =  7 Hz)

resolu tion  of R S - 5 11 (ob tain ed  b y  c a ta ly tic  red u ctio n  of upon exchange with D20 ;  [ « ] 24d  + 5 9 .8 °  (c 1.0, T H F), + 6 3 .7 °
2 -m e th y lq u in o xalin e12) w ith  d ib e n z o y l-d -ta rta ric  a c id .13 (c0 .9 , HOAc), + 7 1 .3 °  ( c l .0 ,  95% E tO H ).
R - 5  possessed o p tica l a c tiv ity  v ir tu a lly  id en tica l w ith  „  Antf '  P a} f i o r„  H, 3 .76 ; N, 11.62.

f - f  • x , Found: 0 ,4 5 .0 7 ; H, 3 .68; N, 11.77.
. °5 . ° P P ° Slt,e S1Sn) th e  u n eq u iv o cally  p rep ared  R s _3 . 5 5 % . mp i 28-1 3 0 ° ; uv, ir, and pmr same as S-3.

S -5 ,  in d icatin g  th a t  ra ce m iz a tio n  of S - 5  did n o t o c c u r A nal. Found: C ,4 4 .6 0 ; H, 3 .84; N, 11.60. 
to  a  sign ifican t e x te n t d u rin g its  syn th esis. T h is  reso- Method B (Raney Nickel Reduction).— A mixture of 0.43 g 
lu tion , th e  con seq uen ce of th e  fo rtu ito u s  c ircu m sta n ce  h  -5 mmol) of 2, 0.7 g (7 mmol) of K H C 03, and 3 g of W -2 Raney
th a t  th e  d ibenzoyl d e riv a tiv e  of read ily  availab le  d -  in 20 ml of water was reduced at 47 psi for 3 hr
. . .  _  v at 24 until the orange color disappeared, th e mixture was
ta r ta r ic  acid  effected  isolation  of R - 5  from  R S - 5 , p ro - filtered into an equivalent amount of 1 N  HC1, cooled, and filtered 
vid ed  a  sou rce of R -5  w hich avoided  its  le n g th y  u n eq u i- to give 0.18 g (50% ) of tan solid, mp 123-126°. Recrystalliza-
v o ca l syn th esis  w ith  th e  a tte n d a n t d em an d  fo r co s tly  tion of the crude material as above gave 0.12 g (33% ) of white
D -a-alanin e as s ta rtin g  m a teria l. crystals of constant melting point.

S-3: 33% ; mp 130-132 ; the mixture melting point with
E x p e rim e n ta l S e c tio n 14 sample prepared by SnCl2 reduction gave no depression; [« ]24d

*  + 5 7 .3 °  (c 1.0, T H F).
N-(2-Nitro-5-bromophenyl)-«-alanine (2 ).—A warm (60°) R S '3: 31 -5% ; mP 128-130°; mixture melting point with

solution of 36 g (0.4 mol) of a-alanine, 40 g (0.4 mol) of KHCO3, sample prepared by SnCl2 reduction gave no depression, 
and 125 ml of H20  was added dropwise in 0.5 hr to a refluxing Method C (Palladium Reduction).—A solution of 2.89 g (0.01 
solution of 113 g (0.4 mol) of 2,4-dibromonitrobenzene9 in 500 mo1) of 2 ln 25 ml of T H F was reduced over 1 g of 10% Pd-C  cat-
mi of 95%  EtO H ; the homogeneous solution was refluxed for alyst16 at 40 PS1 and 30 ° for 12 hr until colorless. Filtration and
48 hr. Filtration, concentration to 250 ml, addition of 300 ml of removal of the solvent under vacuum, 40°, gave an oily residue
H20 ,  and again filtration afforded 68 g (60.2% ) of recovered whlch was dissolved in 10 ml of hot Me2CO, treated with de-
2,+dibromonitrobenzene. After clarification with decolorizing colorizing carbon and Filter Aid, filtered, and diluted with 40 ml of
carbon, the filtrate was brought to pH 1 with HC1 to give 50.4 g ligroin (bp 6 0-90°). After cooling at 0 ° , 1.4 g (58% ) of white
(42.2% ) of crude 2 , mp 161-166°. The solid was dissolved in crystals were obtained, mp 126-128°. Two recrystallizations
300 ml of 1 A  NH4OH, clarified, reprecipitated with HC1, and from Me2CO-ligroin (1 :5 , 40 m l/g) gave 1.2 g (50% ) of white
then recrystallized from C6H6 (40 m l/g) to give 42.3 g (35.5% ) platelets of constant melting point.
of yellow plates. S-3: 50% ; mp 131-132.5°; uv and ir, as above; [a ]27D + 5 2 .0 °

S-2: 35% ; mp 188-189°; uv max 205 mM (« 12,000), 241 (c 2 -0 ’ T H F), + 6 1 .8 °  (c 2 .5, HOAc). A n al. Found: C,
(19,300), 289 (7300), 412 (6500); ir (K Br) 3340 (NH), 1720 4 4 -85i H ,4 .0 5 ; N, 11.63.
( C = 0 ) ,  480 cm “1 (CBr); [« ]24d + 8 .9 1 °  (c 1.0, T H F), + 4 7 .0 °  R -3: 50%- mp 131-132.5°; uv and ir, as above; [«]27d
( c l .5 ,  95%  EtO H ), + 6 0 .0 °  (c 1.2, HOAc). - 5 2 .9 °  (c 2 .0, T H F), - 6 1 .1 °  (c 2.5, HOAc); mmp (S-3 and

A nal. Calcd for C9H3BrN 20 4: C, 37.39; H, 3 .14; Br, « -3 ) 126-127°. A nal. Found: C, 45.08; H, 3 .47 ; N, 11.70. 
27.64; N, 9 .69. Found: C, 37.60; H, 3 .00; Br, 27.70; N, 2-Methyl-7-bromo-l,2,3,4-tetrahydroquinoxaline (4).— A mix- 
9 70 . lure of 1.19 g (4.9 mmol) of 3 and 0.76 g (20 mmol) of LiAlH4
------------------- in 30 ml of dry dioxane was refluxed 12 hr with stirring under

(10) R. F. Smith, w. J. Rebel, and T. N. Beach, J .  Org. Chem., 24, 205 N2. After the solution was cooled in an ice bath, excess LiAlH4
(19591- was destroyed bv successive dropwise addition of 0.75 ml of

(11) M. Munk and H. P. Schultz, J . Amer. Chem. Soc., 74, 3433 (1952). Q 5 5  ml of 2 0%  NaOH, and 2.6 ml of H20 .  After 1-2 hr of
mqi r* • ®otlcl'° r’ Ber'’ 6̂’ 908® (19131- stirring, the solid was filtered and the filtrate was evaporated to(13) C. L. Butler and L. H. Cretcher, J .  A m er. Chem. S oc ., 55, 2605 , 07 . , „ i* i j  • i r

(1933). M. Semonsky, A. Cemy, and V. Zikan, Chem. L isty , 50, 116 (1956); * y n « * .  The residue from evaporation was dissolved in 40 ml of
Collect. Czech. Chem . C om m un., 2 1 , 382 (1956); Chem . Abstr., 50 , 13059a CHCI3, treated with decolorizing carbon and Filter Aid, and then
(1956). extracted three times with 20-ml portions of 1 A  HC1 and once

(14) Uv absorption spectra were obtained from samples at concentrations with 5 ml of 6 A  HC1. The acid extracts were clarified, basified
of 5 mg/1. of 95% EtOH with a Bausch and Lomb Spectronic 505 spectro- with 6 N  NaOH, cooled, and filtered to give 0.67 g (60% ) of
photometer using l-cm silica cells. H nmr spectra, all referred to internal tan solid. Three recrystallizations from hot ligroin (bp 66-75°)
TMS, were determined on a Hitachi Perkin-Elmer R-20 spectrometer at (50 nll/g) gave shiny white plates of constant melting point.
60 “ Hz, 34% the J values for multiplets were taken at the center of gravrty. g  4 . 3 3 % . IH1-LH20 dec; UV max 225 mM (a 27,000),
All optical activities were observed on a Rudolph Model 63 polarimeter.
Melting points, determined on a Thomas-Hoover apparatus, were uncor-
rected. Elemental analyses were performed by Peninsular ChemResearch, (15) R. Mozingo, Org. S yn., 21 , 15 (1941).
Gainesville, Fla. (16) Aceto Chemical Co., Inc., Flushing. N. Y.
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268 (4500), 324 (4500); ir (K Br) 3320 (NH), 455 cm -1 (CBr); R -5: prepared by a continuous sequence of reactions involv-
pmr (CDC13) S 1.18 (d, J  =  6.5 Hz, 3 H, CH3), 2 .8 -3 .8  (m, 5 H, ing R -2, R-3, and R -4 including TH F-LiAlH 4 reduction to R -4, 
CH, CH2, N H ), 6.5 (m, 3 H, aromatic); [a ]24D + 1 3 .0 °  (c 1.0, without any isolation or purification steps; 20% ; mp 7 3 -7 4 ° ; 
T H F ). uv and ir same as 5 -5 ; [a ]27D —3.8° (c 2 .0 , T H F ). A nal.

A n al. Calcd for C3HnBrN2: C, 47.60; H, 4 .88 ; N, 12.33. Found: C, 72.80; H, 7.93; N, 19.02.
Found: C ,4 7 .7 4 ; H, 4 .99 ; N, 12.41. R-5: prepared by resolution of R S-5. To a solution of

R S -4: 25 .5% ; mp 156.5-158°; uv and ir same as S-4; pmr 7.52 g (20 mmol) of dibenzoyl-d-tartaric acid13 in 35 ml of C6H6-
(acetone-d«) S 1.12 (d, J  =  6.5 Hz, 3 H, CH3), 2.87 (s, 1 H, NH ), 95%  EtO H  (4 :1 ) was added a solution of 2.96 g (20 mmol) of
2 .9 -3 .4  (m, 3 H, CH2, CH ), 4.81 (broad s, 1 H, N H ), 6.52 (m, &S-511 in 20 ml of C6H6. After 12 hr at 24°, 5.16 g (44 .1% ) of
3 H , aromatic), the broad singlets at 2.87 and 4.81 disappear white solid, mp 149-153°, [<*]24d —63.2° (c 1.0, 95%  EtO H ),
upon exchange with D20 .  A n al. Found: C, 47.90; H, was obtained. Three recrystallizations from hot Me2CO (4
5.07; N, 12.41. m l/g) solution poured into hot CeH6 (5 m l/g) gave 2.75 g (23.5% )

N,N'-Diacetyl-2-methyl-7-bromo-l,2,3,4-tetrahydroquinox- of material of constant melting point and [a] that analyzed for the 
aline.— In 1 ml (10 mmol) of Ac20  was dissolved 0.24 g (1 mmol) monobenzene solvated 1 :1  salt, mp 150-151°, [a ]24D —60.0°
of compound 4. After 24 hr at 24°, 1 ml of H20  was added to the (c 1.0, 95%  EtO H ).
reaction solution which was clarified, filtered, and evaporated to A n al. Calcd for C9Hi2N2'Ci8Hi408'C6H 6: C, 67.80; H,
dryness to give 0.27 g (87% ) of yellow crystals. Three recrystal- 5 .52 ; N, 4 .79. Found: C, 67.56; H, 5 .65; N, 4 .89.
lizations from ligroin (bp 6 6-75°, 40 m l/g) gave 0.23 g (74% ) Addition of 10 ml of 1 N  NaOH to the salt, followed by filtra- 
of white crystals of constant melting point. tion, gave 0.55 g (37.2%  yield of total R-5 isomer initially pres-

S derivative: 74% ; mp 131-132.5°; uv max 234 mM (t 39,000), ent), mp 90-91°, M 24d + 3 1 .7 °  (c 1.0, 95%  EtO H ). Two re-
258 (15,000); ir (K Br) 1656 ( C = 0 ) ,  496 cm -1 (CBr); pmr crystallizations from ligroin (20 m l/g) gave 0.32 g (21 .6% ) of
(CDC13) 5 1.14 (d, J  =  6.5 Hz, 3 H, CH3), 2.19 (s, 6 H, COCH3), material of constant melting point and [a ]: mp 9 0 .5 -9 1 ° ; [a] 24d
2 .7 -3 .3  (m, 1 H, CH ), 4 .5 -5 .3  (m, 2 H, CH2), 7.48 (m, 3 H, - 6 0 .3 °  (c 1.0, T H F), + 6 .0 7 °  (c 1.0, CHCU), + 3 5 .1 °  (c 1.0,
aromatic); [a ]24D + 2 9 .9 °  (c 1.1, T H F ). 95%  EtO H ); uv, ir, and pmr, same as S-5. A n al. Found:

A n al. Calcd for C13H16BrN20 2: C, 50.18; H, 4 .86 ; N, C, 72.75; H, 8 .33; N , 18.92.
9 .00 . Found: C, 50.07; H, 4 .83 ; N, 9 .04. N,N'-Diacetyl-2-methyl-l,2,3,4-tetrahydroquinoxaline.— This

R S  derivative: 75% ; mp 129-130°; uv, ir, and pmr same was prepared and purified as was the related bromo compound
as S  derivative. A n al. Found: C, 50.19; H ,4 .8 5 ; N, 8 .96. above.

2-Methyl-l,2,3,4-tetrahydroquinoxaline (5).— A mixture of S  derivative: 82 .5% ; mp 143-144°; uv max 226 mjiz (t 23,200), 
0.12 g (0.53 mmol) of 4, 0.1 g (1 mmol) of K H C 03, and 0.1 g 251 (12,300); ir (K Br) 1645 cm -1 ( C = 0 ) ;  pmr (CDC13) 5 1.15
10%  P d-C  catalyst in 20 ml of 95%  EtO H  was hydrogenated for (d, J  =  6 Hz, 3 H, CH3), 2.18 and 2.21 (2 s, 6 H , COCH3),
20 hr at 46 psi and 24°. After removal of the catalyst, the filtrate 2 .4 -3 .2  (m, 1 H , CH ), 4 .5-S .3 (m, 2 H, CH2), 7.34 (m, 4 H,
was evaporated to dryness, and the solid residue extracted two aromatic); [a ]24D + 1 3 3 .2 °  (c 1.0, T H F).
times with 10-ml portions of hot ligroin (bp 66 -7 5 °). The hot A nal. Calcd for Ci3Hi6N20 2: C, 67.22; H, 6 .94 ; N, 12.06. 
extracts were clarified, cooled, and filtered to give 0.05 g (64% ) Found: C, 67.23; H, 6 .90; N , 12.13.
of yellow solid. Two recrystallizations from hot ligroin (bp R S  derivative: 76 .5% ; mp 141-143° (lit.18 mp 138-139°);
6 6 -75°, 20 m l/g) gave white plates of constant melting point. uv, ir and pmr same as S  derivative.

S-5: 40% ; mp 9 0-90 .5° ; uv max (95%  EtO H ) 220 mju (e 
25,700), 258 (2960), 311 (2960); uv max (0.1 N  HC1) 210 (6600),
243 (5160), 294 (1300); ir (K Br) 3310, 3355 cm 1 (N H ); pmr -m-. p  2 94.469 99  S ' S 9  9 4 4 6 9  9 9  7 •
(CDCl,) 5 1.10 (d, J  = 6 Hz, 3 H, CH ,), 2 .7 -3 .5  (m, 3 H, CH2, Registry No.— R-2, 24463 -23 -8 , A-2, 24463 -22 -7 ,
CH ), 3.51 (s, 2 H, N H ), 6.54 (m, 4 H, aromatic), singlet at 3.51 R -3» 24463 -24 -9 ; RS-3 ,  24463 -25 -0 ; S-3 , 2 4 4 6 3 -2 6 -1 ;
disappears upon exchange with D20 ;  [«]24d + 6 0 .2 °  (c 1 .0 , T H F), RS-A, 24463 -27 -2 ; $ - 4 ,  24515 -51 -3 ; R-5, 2 4 4 6 3 -3 0 -7 ;
— 6 .1° (c 1.0, C H C h ),—35.8° (c 1 .0 ,9 5 % EtO H ). $ -5 ,  24463 -31 -8 ; N ,N '-d iacetyl-2-m ethyl-7-b rom o-

A nal. Calcd for C9H,2N2: C 72.94; H, 8 .16; N, 18.90. 1,2,3,4-tetrahydroquinoxaline, S  derivative, 24463-

RS-5: 34% ; mp 70-71° (lit.11'1’ mp 7 0-71°; lit.18 7 1°); uv, 2 ^ ' >  N ,N -d ia ce ty l-2 -m e th y l-7 -b ro m o -l,2 ,3 ,4 -te tra -
ir, and pmr same as S-5. hydroquinoxaline, RS  derivative, 2 4 4 6 3 -2 9 -4 ; N ,N '-

(1 7 ) c. Ris, B e r .,  2 i, 3 8 3  (1 8 8 8 ). d iacetyl-2-m eth yH ,2,3 ,4-tetrah ydroq u in oxalin e, S  de-
(18) S. Maffei and S. Pietra, Gazz. Chim . ltd.., 88, 562 (1958). HVative, 24463-32-9 .
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Quinazolines and 1,4-Benzodiazepines. X L Y II .1,2 A Novel 
Aleoholytic Ring Contraction of an Oxazirinobenzodiazepine

R obert Y . N ing, Irina D ouvan, and L eo H. Sternsach

Chem ical Research Department, H offm ann-La Roche Inc., Nutley, New Jersey  07110  

Received December 19, 1969

7-Chloro-4,5-epoxy-5-phenyl-l,3,4,5-tetrahydro-2H-l,4-benzodiazepm-2-oiie (1 ) undergoes a facile alco- 
holytic ring contraction to give 3-alkoxymethyl-6-chloro-3,4-dihydro-4-hydroxy-4-phenylquinazolin-2(lH)- 
ones (2a,b) in good yields. The structures of 2a and 2b were established by chemical correlations as well as by 
direct synthesis. A mechanism for this conversion is discussed.

The study of the chemistry of oxazirinobenzodiaze- add alcohols readily. This mechanism is supported
pines of type l 1 led to the finding that solutions of 1 by the observation that the 1-methyl analog of 1 (10)
in lower primary and secondary alcohols are unstable is stable in alcoholic solutions. It also suggests the
even at room temperature. The oxaziridine undergoes possibility of base catalysis in these reactions. Indeed,
an unusual transformation which results in the addition catalytic amounts of hydroxide ions or even triethyl-
of one molecule of the respective alcohol with concomi- amine reduce the reaction time from days to minutes,
tant ring contraction to 3-alkoxymethyl-3,4-dihydro- The presence of acid stops the reaction.
4-hydroxyquinazolin-2(lH)-ones of type 2. In this This mechanism also accommodates the observation 
paper, we wish to report the ethanolysis and the meth- that compound 1 is converted to 5 in aqueous tetra- 
anolysis of 1 which occur with 60-70%  yield. hydrofuran. Here, the formation of 3-hydroxymethyl-

The physical and chemical properties indicated struc- quinazoline is postulated as an intermediate which loses
tures 2a and 2b for these alcoholysis products. The ir formaldehyde and water to yield S. Compound 5
spectra showed the presence of NH and OH groups and appeared as a bluish fluorescent spot on silica gel chro-
amide carbonyls (1670 cm -1). The nmr spectrum also matograms when viewed under uv light. The presence
showed the OH and NH protons; in addition the of 5 was detected in all chromatograms of crude prod-
methylene groups attached to the 3-N appeared as AB uct mixtures resulting from the alcoholyses of 1, since
quartets centering at about 4.7 ppm. The uv spec- the alcohols used were not rigidly dried,
tra were typical for systems of this type.3

On treatment with alcohols, the quaternary hydroxyl .
groups could be readily replaced by alkoxyl groups as Experimental Section
shown by the conversion of 2a to 7. Hydrogenolysis 7-Chloro-4,5-epoxy-5-phenyl-l,3,4,5-tetrahydro-2H-l,4-benzo- 
of 2a over a platinum catalyst yielded 8. Both 2a diazepin-2-one ( l ) .— This oxaziridine, mp 136° dec, was ob-
and 2b were readily hydrolyzed by aqueous acids to *Î\ed, i f  ph°toLsome% atio1' of 7-chloro-l,3 dihydro-5-phenyl-

e 6-chloro-4-pheny 1-2 ( 1H)-qumazolmone (5) which Proof of structure along with some physical and chemical proper-
was identical with the quinazolinone prepared by the ties will appear elsewhere.1
fusion of 2-amino-5-chlorobenzophenone (9 ) with urea.4 6-Chloro-3,4-dihydro-3-ethoxymethyl-4-hydroxy-4-phenyl-2-
Both 2a and 5 gave the 2-n-toluenesulfonyloxyquin- (lH)-quinazolinone (2a).— A suspension of 25.0 g (87 mmol) of

« * »  6 f  P-toluenesulfonyl chloride to ^ ¿ S T S S i S S t  S Z Ï X S 2 S Ï 2 8 Î
pyridine. Reduction of 2a with lithium aluminum was detectable by tic or starch-iodide test. The solvent was
hydride gave the tetrahydroquinazoline derivative 3 evaporated; recrystallization of the residual solid from acetoni-
which was also obtained by reduction of 4 .3 Finally we trile §ave 20-° S (69%) of 2a as colorless needles: mp 168.5-
identified 2b by an unequivocal synthesis from the !r ^ alld (i? r°-H)
aminechlorobenzophenone 9 . Reaction of 9 with (low resolution) m/e 332 (ealed 332); s (DMSO-d6) 0.85 (3 , t,
methoxymethyl isocyanate6 gave the expected3 com- CH3), 3.23 (2, q, CH2), 4.65 (2, ABq, NCH2); 6 .7 -7 .6  (8 , m,
pound 2b, which was found to be identical (mixture melt- aromatic), 7.20 (1, s, D20  exchangeable, OH), and 10.00 ppm
ing point and ir) with the methanolysis product of 1 (see (b s, f 20  exchangeable, NH) „
o i r\ rni r  x- j. , ~ r , ,  A n al. Calcd for C17H17CIN2O3: C ,6 1 .3 6 ; H, 5 .15; N, 8.42;
Scheme I). The formation of compounds 2 from the c l_ 10.65. Found; c> 61.34; H, 5 .20 ; N , 8 .22 ; Cl, 10.87.
oxaziridine 1 may be explained by a mechanism such _________
as that shown in Scheme II. Thus, the oxazirinobenzo- , . „ „ „ „ >r „ m TT
diazepme opens to form an imino isocyanate I which Ramsay, Aud. j . sd. Res., Ser. a, 330 (ms).
recyclizes readily by intramolecular attack of the basic (7) w. Davies, t . h. Ramsay, and e . r . stove, j . ckem. soc., 2633 
imino nitrogen on the isocyanate function to give an (19(* f  Y. H Suen, A Horeau, and H B Kagan, BulL Soc, Chim,
intermediate II, which in turn is converted into 2 by 1454,1457 (1965).
the addition of alcohols. Formation of 2 from II is s- w- Breuer’ T- Bernath, and D . Ben-Ishai, T e tra h e d ro n , 23, 2869

probably rapid since acylated imines are known6" 10 to (19(i o | %  c . BeU> R . M cC auUy, and s. j . Childress, j .  O rg . c h e m .,  $ 3 ,

216 (1968).
(1) P a rt X L V I :  R . Y . N ing , G. F . Field, and L. H . Sternbach, J .  H e te ro -  (11) A ll m e lting  points were taken in  a Thom as-H oover m elting  p o in t

c yc l. C h em ,, in  press. apparatus and are corrected. In fra re d  spectra were determ ined using a
(2) Presented in  p a rt a t the  159th N a tio n a l M eeting  of th e  Am erican Beckm an IR -9  or a P erk in -E lm er 621 g rating  spectrophotom eter, mass

Chemical Society, H ouston, Texas, Feb 1970. spectra w ith  a CEC-21-110 spectrometer, nm r spectra w ith  a V arian  A-60
(3) V /. Metlesics, G. S ilverm an, V . Toome, and L. H . Sternbach, J . O rg . spectrometer using te tram ethyls ilane  as in te rn a l standard, and u v  spectra

C hem ., 31, 1007 (1966). w ith  a C ary 14M  or 15 recording spectrophotom eter. A ll solvents used were
(4) T . S. Sulkow ski and S. J. Childress, ib id . ,  27, 4424 (1962). o f reagent grade p u r ity . E th e r refers to  anhydrous d ie th y l ether. Unless
(5) T h is  isocyanate was prepared b y  a m odification  of th e  procedure otherwise specified, a ll solvents were evaporated w ith  a B ü ch i R otavapor

described b y  L . W . Jones and D . H . Powers [ / .  A m e r .  C h e m . S oc ., 46, 2518 evaporator, under w ater-aspira tor pressure using a w ater bath  set a t 35-40°.
(1924)]. (12) L . H . Sternbach and E . Reeder, ib id . ,  26, 4936 (1961).
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Scheme II  to give 12.1 g (62% ) of 2b: colorless plates; mp 179 .5-182.5°;
„  ir (K Br) 3240 and 1670 cm-1; uv max (¿-PrOH) 251 mp (e
I n  16,050), 295 (1900), and 304 (1600); molecular ion (low resolu-

JTV // v ____tion) m /e  318 (calcd 318); 5 (DMF-d7) 3.10 (3, s, CH3), 4.75
( \  °  (2, AB 9> CH2)’ 6 -8~7 -6 (8 . m > aromatic), 7.14 (1, s, D20  ex-

[  | * /  — *• I Jl changeable, OH), and 9.92 ppm (1 , broad s, D20  exchangeable,
Q ^ A > r — j L  N H ).

r 0 \  c i  OH m  A nal. Calcd for C u H ^ C lN ^ : C, 60.29; H , 4 .74 ; N , 8 .79;
CeHj t Cl, 11.12. Found: C, 60.47; H, 4 .76 ; N , 8 .49 ; Cl, 11.26.
I  Catalytic Effects of Acid and Bases on the Methanolysis of

1 Oxaziridine (1). i. Control without Catalyst.—A suspension of
1.75 g (6.1 mmol) of oxaziridine 1 in 750 ml of methanol was 

-  stirred at room temperature. A clear solution formed overnight.
^ n'Y''Nnv>*C The course of the reaction was monitored by tic analyses (silica

2 ■*------ | I gel, ether) at intervals. After 38 hr, a small amount of 1 re-
mained (tic and starch-iodide test). Conversion to 2b was corn­

e r  OH 2 plete in 2 days.
II ii. With /j-Toluenesulfonic Acid.— A suspension of 1.75 g

| 3 (6.1 mmol) of 1 in 750 ml of methanol containing 10 mg of p-
I J O toluenesulfonic acid monohydrate was stirred at room tempera-

\  EOH ture. A clear solution formed overnight. Tic analysis of the
!_ y  room tem * no reaction solution at intervals showed that after 3 days no 2b was detectable,

----- jq room emp and the bulk of 1 remained unchanged.
iii. With Benzyltrimethylammonium Hydroxide.— A suspen- 

QUs sion of 1.75 g (6.1 mmol) of 1 in 750 ml of methanol containing
IQ 1.0 ml of a 35 %  methanolic solution of benzyltrimethylammonium

hydroxide was stirred at room temperature. A clear solution 
„  , , , T x . _  ,. . . . formed in 10 min. Tic analysis showed that conversion to 2b
Methoxymethyl Isocyanate -6-  ro  a stirred suspension of 200 g wag complete within 15 min. After 1 hr, the methanolic solu-

(1.30 mol) of silver cyanate in 11. of anhydrous xylene was added tion was concentrated. Crystalline 2b which precipitated was
at room temperature, 81.0 g (1.00 mol) of freshly prepared and collected and washed thoroughly with methanol, yield 754 mg.
redistilled chlorometiiyl methyl ether.23 The temperature rose A second cro of 2b was obtained by concentration of the metha-
from 23 to 49 . The reaction mixture was cooled to room tern- noli3 motber M and washings followed by dilution with 
perature and stirred in an aluminum foil covered flask for 24 hr. wat yield 809 mg. The two crops were combined and re-
The solids were removed by filtration «ndwashed with xylene. crystallized from acetonitrile to yield 1.40 g (72% ) of 2b as
The combined filtrate and washings were distilled and redistilled colorless piatelets, mp 180-182°. A mixture melting point with
at atmospheric pressure through a Yigreux column. The frac- authentic 2b was undepressed.
A  A We A  toon  ^  iv. With Triethylamine.— A suspension of 1.75 g (6.1 mmol)
53.0 g (61% ), ir (film) 2280 cm , S (DMSO-d6) 3.38 (CH3), and 0f j jn gQQ mj 0f methanol containing 1.0 ml of triethylamine was
4.86 ppm (G 2). stirred at room temperature for 20 min. The resulting clear

6-Chloro-3,4-dihy dro A-hydroxy-3^ethoxymethyl-4-phenyl- golution wag ratad to d ness. The residual solid was re-
2(lH)-qiunazo inone (2b) A. From Oxaziridine 1 • A suspen- CTysianized from acetonitrile to give 1.60 g (82% ) of 2b as color-
sion of 17.o g (61 mmol) of 1 m 2.6 1. of methanol was stirred at lggg latelet 183-184°. A mixture melting point with an
room temperature for 8 days. A clear solution was formed which authe„tic sample was undepressed.
did not contain any starting material 1 The methanol was B Dkect Synthe s is .-A  solution of 178 mg (0.77 mmol) of
evaporated and the residual solid recrystallized from acetonitrile 2-amino-5-chlorobenzophenone and 65 mg (0.70 mmol) of meth-

(13) A. H. Blatt, Ed. “Organic Syntheses,” Coll. Vol. I, 2nd ed, John oxylmethyl isocyanate5 in 5 ml of pyridine was allowed to stand
Wiley & Sons, Inc., New York, N. Y„ 1941, p 377. at room temperature for 24 hr. The reaction mixture was
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heated for 30 min on the steam bath and then poured onto ice. crystallized on standing. Recrystallizations from benzene-
A yellow, partially solidified oil containing predominantly un- hexane mixtures gave 114 mg (37% ) of 6 ; mp 122-123.5°; ir
reacted starting material which separated on standing was (K Br) no NH band, 1600-1700 cm “1 clear; uv max (i-PrOH)
removed. The clear aqueous layer was diluted with more water 233 mM (e 53,500), 269 (10,000), and 336 (6700).
until cloudy, then seeded with 2b. On standing at 0 ° , 2b crys- Anal. Calcd for C2iH1eC1N20 3S: C, 61.39; H, 3 .67; N, 6 .81; 
tallized. The yield, after washing with ether, was 53 mg (24% ), Cl, 8 .62; S, 7.80. Found: C, 61.38; H, 3 .74; N, 6 .91; Cl, 
mp 181-183°. A mixture melting point with 2b obtained from 8.84; 8 ,7 .8 6 .
methanolysis of 1 was undepressed; ir spectra and tic in several B. From 5.— A solution of 192.5 mg (0.75 mmol) of 5 and 858 
solvent systems were identical. mg (4.50 mmol) of p-toluenesulfonyl chloride in 33 ml of dry

6-Chloro-3-methyl-4-phenyl-l,2,3,4-tetrahydroquinazoline (3). pyridine was allowed to stand at room temperature for 4  days. 
A. From 2a. A solution of 1.0 g (3.0 mmol) of 2a in 20 ml of The reaction mixture was poured onto ice. The tosylate 6 erys-
dry tetrahydrofuran was added dropwise with stirring at room tallized as flakes, yield 73.7 mg, mp 118-121°. After recrystal-
temperature over 30 min to a suspension of 1.14 g (30 mmol) of lizations from benzene-hexane mixtures, the yield was 44 mg
lithium aluminum hydride in 10 ml of tetrahydrofuran. The (14% ), mp 122-124°; a mixture melting point with the tosylate
mixture was stirred at room temperature for 30 min, then heated obtained from 2a above was undepressed, 
to a gentle reflux for 2 hr. Excess hydride was decomposed with 6-Chloro-3,4-dihydro-3-ethoxymethyl-4-methoxy-4-phenyl-2-
2 .4  ml of water and the solids were removed by filtration through (lH)-quinazolinone (7).— A solution of 7.0 g (20 mmol) of 2a and 
a pad of Celite. Evaporation of the solvents gave 770 mg of an 58 mg of p-toluenesulfonic acid monohydrate in 350 ml of metha-
oil which partially crystallized on standing. This oily solid was nol was stirred at room temperature for 2 hr. The reaction mix-
triturated with hexane, chilled, and filtered to give 220.5 mg of ture was passed through a bed of Flonsil which was then washed 
crude 3, mp 90-94 . The hexane filtrate was evaporated to dry- with some methanol. The filtrate was evaporated to dryness,
ness, and the oily residue, dissolved in benzene, was chromato- The residue was dissolved in methylene chloride and filtered
graphed on a short column of silica gel. After washing with 25%  through a fresh bed of Florisil, which was then eluted with ether, 
ether in benzene to remove fast moving impurities, 300 mg of The combined effluent was evaporated to dryness. The residual
relatively pure 3 was obtained by elution with ether. Combined oil, crystallized from ether and hexane and then recrystallized
crops of 3 after recrystallizations from hexane weighed 384 mg from acetonitrile, gave 5.55 g (76% ) of 7 as prisms: mp 172-
(50% ): mp 9 5 -9 6 °; ir (K Br) 3200 cm ”1; S (DMSO-d6) 2.24 173°; ir (K Br) 3200 and 1680 cm ”1.
(3, s, CHS), 3 .46-3 .88  (2, m, CH2), and 4.49 ppm (1, s, CH ). Anal. Calcd for Ci8H 19C1N20 3: C, 62.33; H, 5 .52; N, 8.08;

Anal. Calcd for CI6H1EC1N2: C, 69.63; H, 5 .84 ; N , 10.83; Cl, 10.22. Found: C, 62.42; H, 5 .55; N, 8 .09; Cl, 10.13.
Cl, 13.70. Found: C, 69.52; H, 6 .06 ; N, 10.76; Cl, 13.21. 6-Chloro-3,4-dihydro-3-ethoxymethyl-4-phenyl-2(lH)-quin-

B, From 6-Chloro-3,4-dihydro-4-hydroxy-3-methyl-4-phenyl- azolinone (8 ).— A solution of 10.0 g (30 mmol) of 2a in 250 ml of
2(lH)-quinazolinone (4). -To a suspension of 2.70 g (70 mmol) tetrahydrofuran was hydrogenated (1 atm) in the presence of
of lithium aluminum hydride in 80 ml of dry tetrahydrofuran 2.50 g of platinum oxide until the rate of hydrogen uptake became
was added batchwise with stirring at room temperature, 2.00  g very slow. The catalyst was removed by filtration and the filtrate
(/0 mmol) of 4 .3 A mildly exothermic reaction occurred. Stirring was evaporated to dryness. The residual gum crystallized from
at room temperature was continued for 30 min. After refluxing ethanol to give 3.30 g (35% ) of 8 as plates: mp 172-174°;
for 2 hr, the reaction mixture was decomposed with 5.4 ml of ir (K Br) 3200 and 1680 cm "1.
water, stirred vigorously for 10 min, and then filtered through a Anal. Calcd for C„H„C1N20 2: C, 64.46; H, 5 .41 ; N, 8.84;
pad of Celite. The filtrate was evaporated to dryness and the Cl, 11.19. Found: C, 64.28; H, 5 .44; N, 8 .64; Cl, 10.79. 
residue was crystallized from hexane to give 1.25 g of 3, mp 9 0 - 7-Chloro-4,5-epoxy-l-methyl-5-phenyl-l,3,4,5-tetrahydro-2H-
93°. After recrystallization from hexane, the yield was 1.04 g l,4-benzodiazepin-2-one (10).— A solution of 30 g (0.10 mol) of 
(57% ), mp 92-9o .  ̂ This material was identical with 3 obtained 7-ehloro-l,3-dihydro-l-methyl-5-phenyl-2H-l,4-benzodiazepin-2- 
from 2a by tic and ir spectrum. one 4-oxide12 in 1.4 1. of tetrahydrofuran was irradiated with a

6-Chloro-4-phenyl-2(lH)-quinazolinone (5 ).4 A. From 1 .—  Hanovia 250 W medium-pressure mercury lamp (No. 654 A)
A solution of 1.00 g (3.5 mmol) of 1 in a mixture of 25 ml of through a Pyrex filter under nitrogen at 20° for 22 hr. The solu-
tetrahydrofuran and 12 ml of water was allowed to stand at tion was evaporated to dryness and the residual gum was crystal-
room temperature. After 7 days, the solid that precipitated lized from ethanol. One recrystallization from ethanol gave 22.1
weighed 964 mg, mp 309-312°, and was found by tic to be g (74% ) of 10 as colorless prisms: mp 99-100°; ir (K Br) 1690
predominantly 5. After recrystallizations from large volumes of cm "1; uv max (f-PrOH) 252 m/i (e 11,300).14
acetonitrile, there was obtained 387 mg (43% ) of pure S, mp Anal. Calcd for C16H13C1N20 2: C, 63.90; H, 4 .36; N, 9 .31;
311-313°, identical with the authentic sample4 by mixture melting Cl, 11.78. Found: C, 63.71; H , 4 .42 ; N, 9 .36 ; Cl, 11.92. 
point, ir, and tic. _ Compound 10 also gave the positive starch-iodide test typical

B. From 2b.— To a mixture of 25 ml of water and 35 ml of 6 of oxaziridines.15
N  hydrochloric acid was added 1.00 g (3.0 mmol) of 2b. The Attempted Alcoholyses of Oxaziridine 10.— A solution of 1.13 
suspension was kept in a sealed flask inside an oven at 85-95° g (4.0 mmol) of 10 in 100 ml of methanol was allowed to stand
for 1 day. W ater was evaporated. The residual solid was stirred for 2 weeks at room temperature. The reaction mixture gave a
with aqueous sodium bicarbonate, filtered, and washed with strongly positive starch-iodide test and tic indicated negligible
water. The dried solid was pure 5 by tic: mp 311-314°; yield reaction. Repetition of the experiment using ethanol gave the
777 mg (100% ). A mixture melting point with an authentic same results,
sample was undepressed.

C. From 2a.— A solution of 1.0 g (3.0 mmol) of 2a and 570 Registry No.—2a, 24605-69-4; 2b, 24621-38-3; 3,
mg of p-toluenesulfomc acid monohydrate in 750 ml of methylene 2 4 6 2 1 -3 9 -4 ; 6 ,2 4 6 2 1 - 4 0 - 7 ;  7 ,2 4 6 2 1 - 4 1 - 8 ;  8 ,2 4 6 2 1 - 4 2 -  
chlonde was allowed to stand for 20 hr. The mixture was ’ ’ „  ’ ’ ’
evaporated to dryness. The residual solid was washed with 1 0 ,2 4 6 0 5 -7 0 -7 .
aqueous sodium bicarbonate then with water. The crude 5
obtained was recrystallized from acetonitrile: yield 692 mg Acknowledgment.— Valuable discussions with Pro-
(90% ), mp 311-313 .5°. A mixture melting point with an au- lessor G. Biichi and Dr. G. Field are gratefully acknowl-
thenticsampie was undepressed. _ edged. We thank Dr. P. Bommer and his staff in our

o-Chloro-4-phenyl-2-p-toluenesulfonyloxyqumazolme (6 ). A. , . , , • , , , , ,. , n r
From 2a.— A solution of 250 mg (0.75 mmol) of 2a and 429 mg Physical chemistry department: m particular, Dr. W.
(2.25 mmol) of p-toluenesulfonyl chloride in 2 ml of pyridine was Benz for mass spectra, Dr. F . Scheidl for elemental an-
allowed to stand overnight at room temperature. The reaction alyses, Dr. V. Toome for UV Spectra, Mr. S. Traiman
mixture was poured into water. The oil that separated crystal- and J)r_ JJ. Wyss for ir spectra, and Dr. T. Williams for
lized on standing, weight 211 mg. The solid was dissolved in j.
methylene chloride and on standing, 9.6 mg of 6-chloro-4-phenyl- ”
2(lH)-quinazolinone (5) crystallized, mp 303-310°. After re- , , . . . . . .
crystallization from acetonitrile, the yield was 4.0 mg (2 .1% ), with the uv spectrum of the starting materiaI: uv max (i.Pr0H) 239
mp 309-311 , mixture melting point with 5 undepressed. (e 31^00), 266 (inflection, 15,000), and 310 (11,500).

The methylene chloride mother liquor was passed through a (15) For a recent review, see J. F. Dupin, Bull. Soc. Chim. Ft., 3085
bed of silica gel. Elution with ether gave 194 mg of an oil which (1967).
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Protection by Acylation in the Selective Alkylation of Heterocycles
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The use of different acyl (acetyl, benzoyl, carbethoxy) protecting groups as aids in accomplishing exclusive 
alkylation at normally unfavored positions in polynitrogen heterocycles is described. Examples of the new syn­
thetic scheme include the isomer-free preparation of l-ethyl-5-phenylimidazole from 4-phenylimidazole in 86 %  
overall yield (best literature yield for 1-methyl compound is 7%  plus isomer), 4-methyl-l,2,4-triazole from 1,2,4- 
triazole in 77%  yield (other methods: 10 and 31%  plus isomer and other alkylation products), 4-isopropyl-l,2,4-
triazole from 1,2,4-triazole in 52%  yield, and 1-ethylbenzotriazole from benzotriazole in 89%  yield (best literature 
yield: 37%  plus 36%  2 isomer).

The difficulties involved in alkylating a specific ring S c h e m e  I
nitrogen atom in a polynitrogen heteroaromatic com- o
pound in which alkylation at another nitrogen is pre- rcci

ferred still constitute a major problem in heterocyclic H N‘Q N 2 N U 3n2 H * 
chemistry. Sometimes the trouble may be circum- 
vented by preparing the required substance by a method
in which the N-alkyl group is incorporated into the 9  9
system prior to closure of the ring, but often such syn- __nÍo V  R3° °r , Rc_ íniQ  n2—R' —
theses are unavailable. If the experimenter is lucky he o trn /r-r v— % 2. :B
may then, in specific cases, accomplish the desired II III
alkylation, at least in small yield, by changing the 0
alkylating agent (i.e., from methyl sulfate to diazo- ^ j¡
methane), by first converting the substrate into its de- N‘0 n2— R' + RCOR'"
protonated metal salt, or by varying solvent and tern-
perature, but as yet this problem has found no general IV
solution. Even if the experimenter does obtain some
of the required product, he must then devise procedures thermodynamically less stable isomers formed in the
for separating it from its isomers, the dialkylated cation kinetically determined product mixture usually rear-
by-products, and any remaining starting material. range spontaneously and rapidly to the thermody-

Historically, problems of this general type have been namically stable isomer and one thus gets maximum use
overcome by the selective blocking of the offending 0f the energy difference in isomer stability. Of further
reaction site. Such has not been the case in this area significance is the near impossibility of diacylation of
primarily because it has been believed (a) that the in- the ring, a major problem in some ring alkylation pro-
troduction of the protecting group would be subject to cesses (acylation also eliminates this side reaction in the
the same selectivity difficulties, and (b) that most alkylation step II-» -III).
easily removable blocking groups would strongly de- We have found that N-acyl heterocycles (including 
activate the compound and thus inhibit the next step acetyl, benzoyl, and carbethoxy derivatives) can be
in which an N-alkyl cation would be formed. The re- cleanly alkylated with oxonium or carbonium salts, the
cent development of the powerful oxonium1 and car- products while unstable can be characterized in solu-
boxonium2 ion alkylating agents has substantially tion, and the acyl moiety is quickly and quantitatively
mitigated the final objection, and we suggest that these removed on addition of alcohol or water to the reaction
alkylation methods in combination with simple acyla- mixture. The three very different reactions described
tion as the method of protection will lead to the essen- ¿n the following paragraphs are attempts to demon-
tial elimination of the difficulties above. strate the applicability of Scheme I in systems in which

In detail, we propose a three-step process (Scheme I) the position preference in alkylation (1) is a result of 
in which the heterocycle is first acylated by classical steric hindrance, (2) has a basis in relative electron-pair
procedures (I —► II), then alkylated with an oxonium nucleophilicity and availability, and (3) is of more
or carboxonium ion reagent (II III), and finally de- complex origin.
acylated by treatment with an alcohol or water (III -> Extensive studies on the methylation of 4-phenyl-
IV ). The conversion of an N -H  to an N-acyl group imidazole (V) have shown that the isomer VI (R = Me)
m heteroaromatic rings is known to be a high yield is the primary product4“6 (Table I). Only small
reaction3 though the product is usually sensitive to hy- amounts of the sterically hindered isomer VII (R =
drolysis. Of special value is the ordinarily greater
selectivity in isomer preference in acylation vs. alkyla- H R
tion.3 This is probably a consequence of the fact that, I I f  \
unlike alkylations, acylations are reversible; any of the r f , \ __  ̂ |" i\ +

pu/'I'T  P h ^ N̂  i
(1) H. Meerwein, Orff. S yn., 46, 113 120 (1966), and earlier references ^

therein; see also R. B. Silverman and R. A. Olofson, Chem . Com m un., 1313 V VI VII
(1968), footnote. ____________

(2) S. Kabuss, Angew. C h em .In t. E d . E n g l, 5, 675 (1966); K. Dimroth and (4) C. E. Hazeldine, F. L. Pyman, and J. Winchester, J .  Chem . S oc ,, 1431
P. Heinrich, ib id ., 5, 676 (1966); R. F. Borch, J .  Org. Chem ., 34, 627 (1969). (1924); J. H. Ridd and B. V. Smith, ib id ., 1363 (1960).

(3) For review see H. A. Staab, Angew. Chem . In t . E d . E n g l , 1, 351 (5) A. Pinner, Chem . B er ., 35, 4131 (1902).
(1962). (6) w. g . Forsyth and F. L. Pyman, J .  Chem . S oc., 573 (1925).
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Table I intermediate salt with methanol. The only other de-
Re- tectable product is protonated 1,2,4-triazole indicating

. . . . . .  . Xield; 3 ie*dT’T C0J e(Sd „ , that some of the acyltriazole reacts with the incipient
MeS0 29 8 6 2 27 3 4 isopropyl carbomum ion at hydrogen to eliminate
Me2S o !o r  (poor solubility ' propylene. This well-known and important side reac-

Mel +  NaOH and product decomposition) 4,5 tlon in all isopropylation procedures is only a minor
CH2N2 15 7 66 6 annoyance, since the unsubstituted heterocycle can be
E tI  +  NaOMe 44 6 .9  41 This work“ separated from the N-alkyl derivative and recycled
“ See Experimental Section. through the synthetic Scheme I when economically ad­

vantageous.
Ale) are found, and it would be expected that the un- Benzotriazole (X I) yields primarily the 2-methyl 
known and even more hindered l-ethyl-5-phenylimid- derivative X II  on treatment with diazomethane12 and 
azole (VII R = E t) would prove to be an even more only a slight preponderance of the 1-alkyl isomer X III
elusive synthetic target. We have, however, been able when allowed to react with an alkyl halide and base
to obtain VII7 (R = E t) in 86%  overall yield uncon- (Et, 3 7 % X III , 36%  X I I ; n-Pr, 4 1 % X III , 33%  X II ; n-
taminated by its isomer VI (R =  Et) using the new Bu, 37% X III , 32% X I I ) .13’14
procedure postulated in Scheme I. l-Benzoyl-4- R
phenylimidazole can be isolated in 95%  yield as the ex- i j
elusive product from V and benzoyl chloride in base.8 y
On alkylation with triethyloxonium fluoroborate1’9 i n '  ' x  [ j — R [ | |S,N
followed by treatment with methanol, this acylimid- 
azole is converted in 91%  yield to 1-ethy 1-5-phenyl- 
imidazole (VII, R = E t). No trace of the isomer VI

■ Et) was detected. When ethylation is accomplished with triethyloxo-
i t  might be anticipated that commercially available . n , . 7  , ,, , , . . .,

1,2,4-triazole VIII would be a useful precursor to 4- “ um Auoroborate1 on 1-carbe hoxybenzotnazole1 
methyl-1,2,4-triazole (IX ). Alkylation methods in from X I  and ethyl chloroformate cleanly m base, 95% )

followed by methanolysis, 1-ethylbenzotnazole (X III, 
Me R = Et) is the only product in 94%  yield (overall yield
I from X I, 89% ); no isomer X II  (R =  E t) was detected.

% NS  We suSSesf bheit the above examples demonstrate
A /  \ /  +  \ i /  that protection by acylation can be a valuable tool in
N— N N N the selective alkylation of heterocyclic compounds.

H Me Acyl heterocycles, even those derived from very weak
Vni LX X bases,16 can be alkylated with the powerful oxonium

and carboxonium alkylating agents, and the product 
this system, however, are either poor and indiscriminate cations are stable enough to await a specific clean hy- 
or else yield the 1 isomer X  as the major product; for drolytic decomposition,
example, methyl iodide and sodium methoxide in meth­
anol gives X  (65%) and IX  (10% )19 whhe Me30 + B F 4-  Experimental Section16
m mtromethane gives X  (16%), IX  (31%), residual
VIII (27%), and l,4-dimethyl-l,2,4-triazolium cation l-Benzoyl-4-phenylimidazole.—Benzoyl chloride (2.4 g, 0.017
(25%, see Experimental Section). However, when m°b was slowly added to a stirred cooled solution of 4-phenyl-
1 2 4-triazole is acetvlated the 1 isomer is the exclusive imidazole (2.0 g, 0.014 mol) and sodium hydroxide (1.2 g, 0.0281 ,2 ,4  triazole IS acetylatea, me 1 isomer IS  me exclusive mol) in 10 ml of acetone and 40 ml of water. During the addition
product (87% )11 and reaction of this With tnmethyl- the product precipitated and after 30 min 50 ml of cold water was
oxonium fluoroborate1 followed by methanolysis of the added to ensure complete precipitation. The solid was filtered,
u n stab le  l-a ce ty l-4 -m e th y l-l ,2 ,4 - tr ia z o liu m  fluoro- washed with water, and dried: yield, 3.3 g (95% ); mp 124-

borate affords 4-methyl-l,2,4-triazole in 88%  yield whitf ^  r®C? ^ ' ati0^ r n r 1/n n m  n r  xrrTT\ a -  ■ 1 i a - 1 1 0  ether; mp 124-124.5 (lit.8 mp 132°); nmr (CDCh) 5 8.10 (d,(77% overall from V III). Similarly, 4-isopropyl-l,2,- j  = l ^  7-2..s.o (m, 11).
4-triazole is formed in 60%  yield by treatment of the Anal. Calcd for CisHnNiO: C, 77.40; H, 4 .87 ; N, 11.28. 
same 1-acetyl-l,2,4-triazole with diisopropoxycar- Found: C, 77.12; H, 4.79; N, 11.15.
bonium  flu oro b o rate2 follow ed b y  d ecom p osition  of th e  i-Ethyl-5-phenylimidazole (VII, R  =  E t).—-l-Benzoyl-4-

phenylimidazole (4.00 g, 0.016 mol) and triethyloxonium
(7) It is very easy to distinguish compounds of structure VII from their fluoroborate1 (3.06 g, 0.016 mol) weie dissolved in 20 ml of

isomers VI by comparing their nmr spectra. The phenyl resonance in VII methylene chloride, and the reaction mixture was stirred for 48
shows up as a sharp spike, because coplanarity of the two aromatic rings hr at room temperature. After the solvent was removed at
and the resulting resonance interaction is inhibited by the o-alkyl substituents; reduced pressure, an nmr spectrum was taken of the residue and
in VI the optimum dihedral angle between the two rings is smaller and the -------------------
expected broad multiplet for a conjugated phenyl is found. (12) N. O. Cappel and W. C. Fernelius,«/. Org. C hem ., 5, 40 (1940).

(8) R. L. Grant and F. L. Pyman, J .  Chem . S oc ., 1893 (1921). (13) F. Krollpfeiffer, A. Rosenberg, and C. Muhlhausen, Ju s tu s  L ieb ig s
(9) Examination of the alkylation mixture by nmr indicated essentially A nn. Chem ., 515, 113 (1934).

complete formation of l-N-benzoyl-3-methyl-4-phenylimidazolium fluoro- (14) F. Krollpfeiffer, H. Potz, and A. Rosenberg, Chem . B er ., 71, 596
borate: 8 9.28 (d) imidazole C2 H, 7.77-8.20 (m) benzoyl and imidazole (1938).
Cs H, 7.60 (s7) phenyl, 4.43 (q), and 1.46 (t) ethyl. The substance was too (15) We have also methylated the very weakly basic N-acetyltetrazole in
sensitive to easily isolate and purify. For comparison, see the hydrolytic another connection: R. A. Olofson and D. M. Zimmerman, unpublished
rate study of l-acetyl-3-methylimidazolium chloride by R. Wolfenden and results. A different hydrolysis mechanism is observed in this system.
W. P. Jencks, J .  A m er. Chem . S oc., 83, 4390 (1961). (16) Melting points were determined in Kimax, soft-glass capillary tubes

(10) M. R. Atkinson and J. B. Polya, J .  Chem . Soc., 141 (1954); G. using a Thomas-Hoover melting point apparatus with a calibrated thermom-
Pellizzari and A. Soldi, Gazz. C him . I ta l ., 351, 373 (1905); see also Experi- eter. Nmr spectra were run on a Varian A-60 spectrometer using an in­
mental Section, present paper. ternal tetramethylsilane standard. The solvents and reactants were of the

(11) H. A. Staab, Chem . B er ., 89, 1927 (1956). best commercial grade available and were used without further purification.
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this showed that the reaction had given the expected 1-benzoyl- solution of 1,2,4-triazole (2.1 g, 0.031 mol) in nitromethane.
3-ethyl-4-phenylimidazolium fluoroborate: nmr (CD3NO2) 5 After 30 min the nitromethane was removed and the residual oil
9.28 (d, J  =  1.5 cps, 1), 7 .77-8 .20  (m, 6 ), 7.65 (s, 5), 4.43 (q, was analyzed by nmr: V III (27% ); IX  (31% ), X  (16% ), 1,4-
J  =  7.5 cps, 2), 1.46 (t, J  =  7.5 cps, 3 ). The salt was then dis- dimethyl 1,2,4-triazolium cation (25% ) (the nmr sample was
solved in 25 ml of water and the acidic solution was made slightly prepared by dissolving a small amount of oil in D20  and neutraliz-
basic with sodium carbonate. The product was extracted with ing to pH 9 with sodium carbonate; peak assignments were
chloroform (four 50-ml portions), the extracts were dried (K 2C 0 3), made by direct comparison with the authentic sample spectra),
and, after removal of the solvent, 2.50 g (91% ) of VII was isolated 4-Isopropyl-l,2 ,4-triazole.— 1-Acetyl-1,2 ,4-triazole (4.0 g,
by distillation: bp 109-110° (0.4 mm); nmr (CDC13) & 7.53 (d, 0.036 mol) in 10 ml of methylene chloride was added to a 25%
J  =  1.5 cps, 1), 7.40 (sharp s, 5), 7.03 (d, J  =  1.5 cps, 1), 3.96 excess of crude diisopropoxycarbonium fluoroborate (see Borch,
(q, J  = 7.5 cps, 2), 1.28 (t, J  =  7.5 cps, 3 ). ref 2) in an equal amount of the same solvent. The reaction

A nal. Calcd for CnHi2N 2: C, 76.71; H, 7 .02; N, 16.27. mixture was stirred and kept cool in an ice bath. After 10 min
Found: C, 76.94; H, 6 .77; N, 16.00. a white solid began to precipitate from the solution and after an

VII was also converted to the crystalline l,3-diethyl-4- additional 20 min the solvent was removed m  vacuo yielding a
phenylimidazolium fluoroborate on treatment with additional white solid which in turn was dissolved in 30 ml of methanol to
triethyloxonium fluoroborate and recrystallization from methylene cleave the acetyl group. The methanol was removed on a
chloride-ether: mp 103°; nmr (CDC13) S 8.90 (d, J  =  1.5 cps, rotary evaporator, the residual oil (a mixture of H B F4 salts of
1), 7.44 (s, 5), 7.38 (d, J  =  1.5 cps, 1), 4.23 (m, 4), 1.57 (t, 1,2,4-triazole and 4-isopropyl-l,2 ,4-triazole) was dissolved in 20
J  = 7.5 cps, 3), 1.38 (t, J  =  7.5 cps, 3). ml of H20 ,  and the acidic solution was made slightly alkaline by

A nal. Calcd for Ci3H i7N 2B F 4: C, 54.20; H, 5 .95; N, 9 .72. addition of sodium carbonate. The product was extracted with
Found: C, 54.44; H, 6 .13; N , 9 .53. chloroform (four 80-ml portions), the combined extracts were

l-Ethyl-4-phenylimidazole (VI, R =  E t) .— 4-Phenylimidazole dried (K2C 0 3), and the solvent was removed under vacuum.
(5.5 g, 0.038 mol) and ethyl iodide (6.3 g, 0.040 mol) were re- The oil (2.90 g) was analyzed by nmr as a mixture containing only
fluxed for 48 hr in 30 ml of methanolic sodium methoxide (from 1,2,4-triazole (yield, 21% ) and 4-isopropyl-l,2 ,4-triazole (yield,
0.90 g, 0.039 mol of sodium). After evaporation of the solvent, 60% ), and was then distilled under reduced pressure affording 
the residual oil was extracted with chloroform. The extract was pure 4-isopropyl-l,2 ,4-triazole: bp 119-120° (0.5 mm); nmr
distilled in  vacuo and the fraction of bp 105-155° (0.4 mm) was (CDC13) 5 8.30 (s, 2), 4.58 (h, /  =  7 cps, 1), 1.72 (d, J  =  7
collected: yield, 5.6 g. This was shown by nmr to be composed cps, 6 ).IS
of VI (R =  E t , 44%  yield), VII (R = E t , 6 .9% ), and re- A nal. Calcd for CcH9N3: C, 54.04; H, 8 .16; N, 37.81.
covered 4-phenylimidazole (41% ). VI (R = E t)  was isolated pure Found: C, 53.89; H, 8 .14; N, 37.78.
by fractional distillation followed by several recrystallizations 1-Carbethoxybenzotriazole.—Ethyl chloroformate (6.0 g,
from chloroform-ether: mp 54-55°; nmr (CDC13) S 7 .05-7 .90  0.056 mol) was slowly added to a stirred and cooled aqueous
(m, 7), 3,80 (q, J  = 7.5 cps, 2), 1.23 (t, J  =  7.5 cps, 3). solution of benzotriazole (6.0 g, 0.05 mol) and sodium hydroxide

A nal. Calcd for ChH i2N2: C, 76.71; H, 7 .02; N , 16.27. (2.0 g, 0.05 mol). After completion of the addition, the reaction
Found: C, 76.37; H, 6 .91; N, 16.47. mixture was stirred for an additional 15 min, and the precipitated

VI was also converted to l,3-diethyl-4-phenylimidazolium white solid was then filtered, washed with water, dried, and re-
fluoroborate by treatment with additional triethyloxonium fluoro- crystallized from ethyl ether: 9.1 g (95% ); mp 70-71° (lit.14
borate (identical with sample above). mp 7 1 -72°); nmr (CDCI3) 6 7 .92-8 .20  (m, 2 ), 7 .30-7 .80  (m, 2 ),

1-Acetyl-l,2 ,4-triazole.— This was prepared in 87%  yield from 4.71 (q, J  =  7.3 cps, 2), 1.58 (t, J  =  7.3 cps, 3).
1,2,4-triazole and acetyl chloride: mp 40-41° (lit.11 mp 4 1 -4 2 °); 1-Ethylbenzotriazole (XIII, R =  E t).— Triethyloxonium fluoro-
nmr (CDCI3) S 8.98 (s, 1), 8.07 (s, 1), 2.75 (s, 3). borate1 (3.03 g, 0.016 mol) in 5 ml of methylene chloride was

4-M ethyl-l,2 ,4-triazole (IX).— Trimethyloxonium fluoroborate1 added to a cooled solution of 1-carbethoxybenzotriazole (3.05 g,
(4.0 g, 0.027 mol) in 20 ml of nitromethane was added quickly 0.016 mol) in 5 ml of methylene chloride. After 20 min the sol-
from a dropping funnel to a cooled nitromethane (5 ml) solution vent was removed in  vacuo yielding a white solid which from its
of 1-acetyl-l,2 ,4-triazc-le (3.0 g, 0.027 mol) in a system isolated nmr was the desired l-carbethoxy-3-ethylbenzotriazolium fluoro-
from atmospheric moisture. An nmr spectrum of the reaction borate: nmr (CH2C12) o 7.90-8 .05  (m, 4), 4 .7 -5 .2  (m, 4 ), 1.80
mixture showed only the desired l-acetyl-4-m ethyl-l,2,4-tri- (t, J  =  7.3 cps, 3), 1.60 (t, J  =  7.3 cps, 3 ). This was dissolved
azolium fluoroborate [nmr (CH3N 0 2) 5 10.03 (s, 1), 8.80 (s, 1), in 30 ml of methanol, the methanol evaporated, the residual oil
4.15 (s, 3), 2.85 (s, 3)] was present. Methanol was added to dissolved in 15 ml of water, and the acidic solution neutralized
hydrolyze the acyl cation to the protonated salt which was with sodium carbonate. The product was extracted into ethyl
obtained as a white solid after removal of the solvent. The salt ether (three 50-ml portions), dried (K 2C 0 3), and isolated by
was taken up in water (15 ml), and the acidic solution was distillation: bp 150-151° (13 mm) [lit.13 bp 149.5° (12 mm)];
neutralized with sodium carbonate and then taken to dryness nmr (CDC13) 5 7.90-8 .17  (m, 1), 7 .13-7 .63  (m, 3), 4.63 (q,
in  vacuo. 4-M ethyl-l,2 ,4-triazole was extracted from the solid J  =  7 cps, 2), 1.56 (t, J  =  7 cps, 3). The product was spectro-
residue with chloroform (five 50-ml portions), isolated by evapora- scopically identical with an authentic sample.13
tion of the solvent, and recrystallized from chloroform-ether:
2.0  g (88% ); mp 88-89° (lit.17 mp 90°); nmr (CDC13) 5 8.24 Registry No.—VI, R  =  E t, 24463-49-8; VII, R  =  
(S, 2 ), 3.83 (s, 3). E t, 24463-50-1; IX , 10570-40-8; X , 6086-21-1; X III ,

l-M ethyi-i^^-ffiazo16 (X G onteoil.-This synthesis is a R  =  E t  16584-05-7; l-benzoyl-4-phenylimidazole,
mo dm cation of the procedure of Atkinson and Polya.10 Methyl haago ka z i o ¿1. t a x . t *j  r
iodide (20.6  g, 0.145 mol) was slowly added to 70 ml of a cooled 24463-54-5; l-benzoyl-3-ethyl-4-phenyhmidazohum
methanolic solution of sodium methoxide (from 3.35  g, 0.145 fluoroborate, 24464-49-1; l,3-diethyl-4-phenylimi-
mol of sodium) containing 1,2,4-triazole (10.0 g, 0.145 mol). dazolium fluoroborate, 24464-50-4; 1-acetyl-l,2,4-
The stoppered reaction vessel was warmed at 38° for 18 hr. triazole, 15625-88-4; l-acetyl-4-methyl-l,2,4-triazol-

was removed yielding an oil which analyzed (nmr iu m  flu orob orate  24464-51-5; 4-isopropyl-l,2,4-tri-
m D20 )  as a 6 .5 :1  mixture of X : I X  (plus a trace of V III). , i , , ’ , } . ’ ’
The product was extracted from the oil with hot benzene (50 ml) azoIe> 24463-56-7 ; 1-carbethoxybenzotriazole, 830-67-
and then hot chloroform (three 50-ml portions) and isolated by 1l-carbethoxy-3-ethylbenzotriazolium fluoroborate,
distillation: bp 175-176° (lit.10 bp 177°); 7.8 g of (65% ) X ;  24464-52-6
nmr (CDC1S) 5 8.10 (s, 1), 7.83 (s, 1), 3.87 (s, 3).

Reaction of Trimethyloxonium Fluoroborate with 1,2,4- Acknowledgment.—We are very grateful to the U. S.
Triazole (Control).— Trimethyloxonium fluoroborate1 (4.54 g, Public Health Service for a grant (GM-13980) to SUp- 
0.031 mol) m nitromethane (20 ml) was slowly added to a cooled p0 r  ̂ researcb  18

(18) The nmr equivalence of the two triazole C-H's eliminates the alterna- 
(17) M. Freund, C hem . B er., 29, 2483 (1896). tive 1-isopropyl structure.
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The stereochemical fate of C-4 in a l,3-dioxan-2-one in its decomposition to a 2-substituted thietane has been 
examined. Lithium aluminum hydride reduction of (R )-( — )-3-acetoxybutvric acid, obtained from quinine reso­
lution of /3-hydroxybutyric acid, afforded (R)-( -  )-l,3-butanediol. This diol was then converted to ( / ? ) - ( -  )-4- 
methyl-l,3-dioxan-2-one, which was in turn heated with potassium thiocyanate at 170-180°. The resulting 
thietane was oxidized to give (S)-( — )-2-methylthietane 1,1-dioxide with a high degree of stereospecificity. The 
absolute configuration of this sulfone was established in the following manner. (R)-( — )-l,3-Dibromobutane 
was prepared by hydride reduction of (£>)-( + )-3-acetoxybutyric acid, dimesylation of the resulting (iS)-(-)-)-l,3- 
butanediol, and treatment of the dimesylate with lithium bromide in hot dioxane. Cyclization of the dibromide 
with thiourea and base, followed by oxidation of the cyclic sulfide, gave (S )-(— )-2-methylthietane 1,1-dioxide.
The S  absolute configuration is demanded by the double displacement incurred in passing from the dimesylate 
to the cyclic sulfone. Assessment of the magnitude of the stereoselectivity was gained by resolving (with d- 
camphor-10-sulfonic acid) irans-2-methyl-3-piperidinothietane 1,1-dioxide followed by carefully controlled Hof­
mann degradation of its methiodide. Hydrogenation of the (R )-(~  )-4-methylthiete 1,1-dioxide so produced 
gave (F)-(-t-)-2-methylthietane 1,1-dioxide of maximum rotation. From these data, the stereospecificity real­
ized in the l,3-dioxan-2-one to thietane conversion was very high. The overall stereochemical course provides 
compelling support for the mechanism advanced earlier. The stereochemical interconversions have also demon­
strated that both possible antipodes of a 2-substituted thietane can be cleanly prepared from a single enantiomer 
of a disymmetric 1,3-diol.

In 1958, Searles and Lutz discovered that fusion of thiocyanate ion. Some measure of further support for
equimolar quantities of potassium thiocyanate and the the scheme was derived from the observation that
cyclic carbonate ester of a 1,3-diol (a l,3-dioxan-2-one) higher temperatures (~ 2 0 0 ° )  are required for the reac-
resulted in formation of carbon dioxide and the related tion as the level of steric hindrance at the a-carbon
thietane.2a Subsequently, this same group established atoms of the l,3-dioxan-2-one is increased. A direct
that the scope of this thietane synthesis is rather wide;2b relationship between the degree of steric hindrance at
in actuality, the simplicity of the method and ready the a  positions and the per cent of oxetane by-product
availability of the starting materials has given this reac- produced was also noted. However, all of the evidence
tion considerable importance as a practical synthesis of to date has been inferential.
this four-membered heterocyclic system . 3 The mech- The purpose of this study was twofold: (a) to ob-
anism which has been advanced in explanation of this tain evidence relating to the mechanism of the title
transformation is illustrated for the simplest case in reaction by examining the stereochemical course of the
Scheme I. The intervention of hydroxy thiocyanates process, and (b) to determine if the synthesis of opti­

cally active thietanes could be achieved by this method.
Scheme I The first consideration was the preparation of an

jj[ ^ optically active l,3-dioxan-2-one of known absolute
C—0  ̂ o configuration. To this end, commercially available cll-

H,C \ )= 0  + CNS~ H2C ' c + c r  ~c°->- /3-hydroxybutyric acid was acetylated and partially re-
NC—0 X‘c —SCN 0  solved with quinine. Lithium aluminum hydride re-
112 H2 duction of the liberated — )-3-aeetoxvbutyric

H acid ( l ) 6 afforded (J2)-( — ) -l ,  3-butanediol (2), [c*]22d
cL q- , C—0  ^  — 8.2 ±  0.8° (c 5.385, C 2H6OH ) . 7 This series of

„ h,C 'c= N ~  __>- transformations (Scheme II) was completed by con-
'  __n=xi ''c— § 6  version of 2  to ( R ) - ( — )-4-methyl-l,3-dioxan-2-one
2 ^  H2 (3), M 22d - 9 . 4  ±  0 .5° (c 10.310, C 2H5OH). Fusion

of 3 with an equimolar quantity of potassium thio- 
_  q2 cyanate at 170-180° afforded 2-methylthietane (4)

r  -ocn- „  /  V  which was directly oxidized with m-chloroperbenzoic
^ 2<“\ \  *" y® acid for the purpose of characterization. The pure 2 -

s NCT methylthietane 1,1-dioxide (5) so obtained exhibited
2 [« ]21d —5.8 ±  1.7° (c 2.410, C 2H 5OH) and gave in­

frared and nmr spectra which were superimposable 
(as the alkoxide ions) was thought to take place by upon those of an optically inactive sample (see Experi-
analogy to the mechanism by which l,3-dioxol-2- mental Section).
ones4 and epoxides6 are converted to episulfides with

(4) S. Searles, J r., H . R. Haynes, and E . F . L u tz , J . O rg . C h e m ., 27, 2832
(1) Am erican Chem ical Society Petroleum  Research Fund Graduate Fel- (1962).

low, 1968-1969; N a tio n a l Science F oundation  G raduate Fellow, 1966- (5) E . E . van Tamelen, J .  A m e r .  C h em . S oc., 73, 3444 (1951); C . C. Price
1968. and P. F. K irk , ib id . ,  75, 2396 (1953).

(2) (a) S. Searles, J r., and E . F . L u tz , J .  A m e r.  C h em . S oc., 80, 3168 (1958); (6 ) F o r the  absolute configurational assignment, see (a) K . Serck-Hanssen,
(b) S. Searles, Jr., H . R. Hays, and E . F. L utz, J .  O rg . C h e m ., 27, 2828 (1962). A r k .  K e m i,  8, 401 (1955); (b) K . Serck-Hanssen, S. Stallberg-Stenhagen,

(3) Y . Etienne, R . Soulas, and H . Lum broso in  “ The C hem istry o f H etero- and E . Stenhagen, ib id . ,  5, 203 (1953).
cyclic Com pounds,”  Vol. 19, P a rt I I ,  A . Weissberger, Ed., Interscience Pub- (7) 1 ,3-Butanediol possessing a m axim um  ro ta tio n  of [<*]23d +2 7 .3  ±
lishers, N ew  Y o rk , N . Y ., 1964, pp 6 8 6 , 687. 0.5° (c 5, C2H 5O H ) has been shown to  be of the (<S)-( +  ) configuration .6“
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Scheme II 3.100, C2H6OH), was obtained. Additional recrystal-
CHXOOH CH2CH2OH lizations of the dias^ereomeric salt from ethanol and
| I acetonitrile failed to increase further its melting point or

the optical rotation of free amine 10. Quaternization 
H:1C i  OCOCH3 H3C 4 OH 0f this material gave in essentially quantitative yield the

methiodide 11, [a ]21D + 2 1 .6  ±  0.2° (c 4.829, H 20 )  
(Scheme IV ). Hofman elimination of 11 was achieved

/~ c\
(  ) = Q  Scheme IV

U „ . 'V (0 _ -------S * ------ S02 H
h3c * H' it 1 Rv :

H CH3 CHa [------- f = l  -------
3 4 5 *■ — *• «

— so2 .------- SO, .------- so2
H3C ,  H3C' - h3c '

The optical activity of 5 clearly signaled that total H H H
racemization was not occurring in the passage from 3 to 10 R = __N > 12 13
4. To reveal whether net retention or inversion had \— /
taken place at C-4 in 3, determination of the absolute + / \
configurations of ( + ) -  and ( —)-2-methylthietane 1,1- ~ ^ __ /
dioxides was made. For this purpose, partially re- CH3
solved ( S ) -  (+ )-3-acetoxybutyric acid (6) was reduced
by means of lithium aluminum hydride to ( £ ) - ( + ) -  .
1,3-butanediol (7), [a ]2+  + 1 0 .1  ±  0.5° (c 10.17, CH- readdy by means of Sllver 0Xlde \n  anhydrous tetra- 
Cl3) .•«* Treatment, of 7 with methanesulfonyl chloride hydrofuran to which had been added some calcium sul- 
in pyridine gave dimesylate 8 which was directly ex- hite. ^ bls modification of the standard Hofmann pro
posed to the action of lithium bromide in refluxing di- cedure was devised in order to maximize the yield of 4-
oxane (Scheme III ) . Cyclization of 9 with thiourea in methylthiete 1,1-dioxide (12). Under the stated con­

ditions, 12 containing no more than 7 ± 1 %  (nmr anal­
ysis) of the more stable but optically inactive 2-methyl- 

bcHEME thiete 1,1-dioxide (14), could be routinely prepared.
ch2cooh ch2ch,or

H''i| X OCOCH:j K ''l X OR (
ch3 ch3 Hj(%  ^

6 7, R = H J ]4
8. R --SO ('H

CHCHB _ _____ In  contrast, 14 is readily available.as the major product
| 2 2 1 from the silver oxide induced Hofmann elimination of

+  —v ____  — >- ____  d l-1 1  in water solution. Submission of pure 12, [a ]2I-6D
B r^  |l''H H"'ii h ' I i 2 —21.2 ±  0.4° (c 5.995, CHC13), to catalytichydrogena-

CH3 CH:! tion afforded optically pure 13, [a ]21-5D + 2 1 .0  ±  0 .2°
9 4 5  (c 9.740, C2H5OH).

On this basis, the 2-methylthietane 1,1-dioxide ob- 
aqueous sodium hydroxide and oxidation of the re- tained from chiral l,3-dioxan-2-one 3 was approxi-
sulting sulfide afforded 2-methylthietane 1,1-dioxide mately 28%  optica^y pure. Since the ( R ) - (  — ) - l ,3-
possessing [a ]2+  - 8 . 4  ±  0.7° (c 5.620, C2H 5OH) 9 butanediol employed in Scheme II  was of 30%  optical
In view of the double Sn2 displacement which inter- ? urity> the stereospecificity realized in this experiment
venes in the passage from 8 to the thietane, the asym- clearly very high.
m etric carbon in the derived sulfone m ust be of the S  "bbe overall stereochem ical course of the 1,3-dioxan-
configuration. B ecause 5 is likewise levorotatory , it 2‘ 0ne to thietane conversion substantiates the pre­
now follows th a t the chem ical change a t  C -4  in 3 occurs viously proposed mechanism  (Scheme I) and parallels

inversion of confi^ursitiion thiit fonnd in the s-nnlo^ous reaction of thiocynnnte ion
In  the final a ttack  on this m echanistic question, as- with l !3-dioxol-2-ones to give episulfides.3b Thus, the

sessm ent of the m agnitude of the stereospecificity real- requirem ent th a t a W alden inversion a t  C -4 in 3 neces-
ized in the production of 4 from 3 was highly desirable. san ly accom pany the substitution of oxygen by sulfur
T he synthesis of 2-m ethylthietane 1,1-dioxide of m ax- can be attrib u ted  to the operation of an S n2 process a t
im um  rotation  began with the preparation of trans-2- this site- B ecause of the unsym m etrical n atu re of 3,
m ethyl-3-piperidinothietane 1,1-dioxide d-cam phor-10- this inversion of configuration could occur in either step
sulfonate. F ou r successive recrystallizations of this 1 or 5 (Scheme I ) . I t  would seem m ost reasonable
salt from  absolute ethanol gave a solid of mp 2 4 4 .5 -  from steric considerations th a t a ttack  by thiocyanate
246° dec, from which pure 10, [ a ]22n +  70 .0  ±  0 .3 °  (c ion a t  the lesser substituted a  carbon, he., C -6, would

be kinetically preferred. This would imply th at the
(8) r . Lukes, j . Jary, and j . Nemec, C o lle c t. Czech, c h e m . C o m m u n ., 2 7 , intramolecular displacement of cyanate ion by mercap-

735 (1962) A ^  » / a

(9) F o r a p re lim in a ry  account of th is  synthesis in  a d iffe ren t context, see t i d e  iS  t h e  Principal Stereochemical Step in the present
L. A . Paquette  and J. P. Freeman, J .  A m e r.  C hem . S oc., 91, 7548 (1969). instance (Scheme V ).
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Scheme V Molecular distillation at 70° (0.01 mm) gave a colorless oil,
M 24d + 3 .6  ±  0 .3° (c 10.175, C»H6OH) [lit.6b [a ]23D + 2 .7 8 °  

/ - 0  ,— SCN (homogeneous, 11 )].
(  \ = 0  /  (/?)-( — )-3-Acetoxybutyric acid (1) was obtained similarly from
V o  — *  V o — C - Ì r  the mother liquor residues from several resolutions by treatment

„  A V  „  V II with 5%  hydrochloric acid and extraction in the above manner.
3 11 H q The concentrated oil was distilled at 95-99° (0.05 mm) and there

3 was obtained 25.4 g of 1. This acid was reduced directly to 2 for
^  measurement of optical rotation.

/— S C = N  r—Sd ^  ( R ) - ( — )-l,3-Butanediol (2).—To a stirred slurry of 19.8 g
( ^ /  V=N~ (0.522 mol) of lithium aluminum hydride in 150 ml of anhydrous
V -C T  *" V " 0  *" tetrahydrofuran was added dropwise a solution of 25.4 g (0.174

j_j £  V  „  A V mol) of 1 in 75 ml of the same solvent at such a rate that gentle
:i ' “  3 H. reflux was maintained. The reaction mixture was stirred at

__gy   reflux for 9 hr and cooled, and the hydride was decomposed by
/  J  cautiously adding 19.8 ml of water, 19.8 ml of 12% sodium

— ► 0 hydroxide solution, and 60 ml of water. The solid aluminates
*  were removed by filtration, the filter pad was carefully washed 

N— CO A CH3 with tetrahydrofuran, and the combined filtrates were dried and
3 evaporated. Distillation of the residue gave 14.13 g (90% ) of 2 ,

4  bp 64 .5-74° (0.03 mm), [<*]22d - 8 . 2  ±  0.8° (c 5.385, C2H5OH),7
with a satisfactory infrared spectrum.

,. . . , . . (<S)-( +  )-l,3-Butanediol (7) was prepared as above from 4.01 g
Of added significance, the stereochemical mterrela- (0.0274 mol) of 6 and 3.12  g (0.082 mol) of hydride. Work-up

tionships uncovered in the present study have also dem- and distillation led to the isolation of 1.38 g (56% ) of 7, bp 52 -
onstrated that a single enantiomer of a dissymmetric 1 ,- 56° (0.01 mm), [<*]24d +  13.0 ±  0.6° (c 10 .01 , CHCl3),6a'7 with
3-diol can be cleanly converted into the R  or S  antipode an infrared spectrum identical with that of racemic dipi. An

r n  v i 1 ii • i  • 1 1 . . .  .  additional 1.09 g of diol was obtained from the pot residue by
of a 2-substituted thietane either by decomposition of molecular distillation. The total yield was quantitative.
the l,3-dioxan-2-one derivative (single inversion, (fl)-(-)-4-Methyl-l,3-dioxan-2-one (3).—-Into a three-necked 
Scheme II) or cyclization of the derived 1,3-dibromide flask equipped with a mechanical stirrer, addition funnel, and
w ith  thiourea (double inversion, Scheme III). How- Claisen head was added 14.13 g (0.157 mol) of 2 and a catalytic
ever, for ease in the resolution method and for the ? mo,mt of sodium ethoxide Whcn the external oil-bath tempera-

: . ture reached 90 , 20.40 g (0.173 mol) of diethyl carbonate was
yields obtained, the sulfene route (Scheme IV) is SU- added dropwise. Heating was continued along with the carbonate
perior for synthetic access to chiral thietane derivatives addition and continued until the theoretical amount of ethanol
which are needed in further stereochemical studies cur- had been distilled. Ether (50 ml) was added to the cooled residue
rently in progress and ^his s°ludon was extracted twice with water. The aqueous

4 s  extracts were saturated with sodium chloride and reextracted
with ether. The combined organic layers were dried, concen-

F xn p rim en tal S ectio n  trated, and distilled to give 2.14 g of 3, bp 62-79° (0.04 mm)
p c  c  a i o c o i u r  [Ut.io bp 100- 110° (0.8  mm)], M 22d - 9.4  ±  0 .5 ° (c 10.310,

All melting points were determined with a Thomas-Hoover CjH jOH). Vpc analysis indicated this sample to be of ca . 85%  
melting point apparatus and are corrected. Nuclear magnetic purity.
resonance spectra were taken with Varian Associates A-60 and (S)-( — )-2-Methylthietane 1,1-Dioxide (5) from 3. Using the
A-60A spectrometers. procedure of Searles, Hays, and Lutz,3 2.68 g (0.0276 mol) of

(±)-3-Acetoxybutyric Acid.6b— (±)-3-H ydroxybutyric acid potassium thiocyanate and 2.14 g of 3 (85%  purity) were allowed
(50.0 g, 0.485 mol) was stirred into an ice-cooled solution of 68 to react at 170-180°. The total yield of thietane-oxetane mix-
mi (0.709 mol) of acetic anhydride in 97 ml of pyridine. Stirring ture was 0.83 g. This material was oxidized directly with 1.82 g
was continued until the ice melted and at room temperature for of ?n-chloroperbenzoic acid in 17 ml of methylene chloride for 20
an additional 6 hr. The reaction mixture was stored at 0° for min at —10° and for 10 hr at room temperature. Purification of
8 hr and then concentrated by removal of 127 ml of liquid (mostly the mixture by molecular distillation at 55-60° (0.03 mm) gave
pyridine) at 35-49° and 15 mm. The residue was cooled, 50 ml 70 mg (4% ) of 5 as a colorless liquid, [a] 21d —5.8 ±  1.7° (c 2.410,
of 6 N  hydrochloric acid was added, and the mixture was ex- C2H5OH). The infrared and nmr spectrum of this material were
tracted four times with ether. Concentration of the combined superimposable on those of an analytical sample of ( ±  )-2-methyl-
dried ether extracts and distillation of the residue afforded 36.9 g thietane 1,1-dioxide (see below).
(52% ) of (±)-3-acetoxybutyric acid, bp 102-105° (0.03 mm), (±)-l,3-Butanediol Dimethanesulfonate.—Neat methanesul-
n28D 1.4283 [lit.6b bp 80-85° (0.25 mm), n 25o 1.4270]. The fonyl chloride (4.65 g, 0.0406 mol) was added dropwise to a
lower boiling fractions contained considerable amounts of crotonic stirred solution of 1.83 g (0.0203 mol) of (±)-l,3-butanediol in
acid. The infrared spectrum of the product exhibited strong 9 ml of pyridine at —10 t o —5°. The reaction mixture was stored
infrared absorption at 1730 and 1242 cm “1; %" 5.28 (sextet, at 0 ° for 20 hr, poured onto twice its volume of crushed ice, and
J  = 6.4 Hz, H-3), 2.63 (d of d, /  =  6.4 Hz, H -2), 2.04 (s, extracted with methylene chloride. To this organic solution was
CH3CO -), and 1.32 (d, J  =  6 .4  Hz, CH3- ) .  added ice-cold 5%  hydrochloric acid solution with shaking until

(# )_ (_ ’)_ and (£)_(’+  )-3-Acetoxybutyric Acid (1 and 6).— the aqueous layer remained acidic. The organic layer was
(±)-3-A cetoxybutyric acid (31.89 g, 0.218 mol) was mixed in separated, dried, and evaporated to give 4.49 g of a yellow oil.
ethyl acetate \ca. 100 ml) with 70.8 g (0.218 mol) of anhydrous Absolute ethanol (co. 2.5 ml) was added followed by the dropwise
quinine, and the mixture was heated until most of the quinine addition of chloroform until the mixture became homogeneous,
had dissolved. The quinine residue was removed by filtration After a few minutes, crystallization began. The flask was cooled
through a glass wool plug. The filtrate was reheated to near the in ice and the solid was filtered. After rinsing the solid with cold
boiling point and petroleum ether (bp 60-110°) was added until absolute ethanol and drying, there was obtamed 3.60 g (7 2% )o f
cloudiness persisted. The solution was again rewarmed to pro- white crystalline dimesylate: mp 4 L 5 -4 3  (lit.11 mp 40-41 ),
duce homogeneity, seeded, and cooled to room temperature and »m.< 3 1360 and 1175 cm 1 ( -S 0 2- ) ;  STMs 4.87 (sextet, J  = 6.2
then to 0 ° . After 3 days at 0 ° , the white crystalline salt was Hz, H -3), 4.28 (t, J  =  6.0 Hz, H -l), 3.05 (s, 6 , CHsSOi-),
filtered and washed, twice with ethyl acetate-petroleum ether 2.07 (q, J  =  ~ 6 .1  Hz, H -2), and 1.47 (d, J  =  6.2 Hz, CH3- ) .
(1 : 1). Fractional crystallization of this solid from ethyl acetate- 
petroleum ether gave 20 g of quinine salt, mp 101.5-104°.

(S)-(+)-3-A cetoxybutyric acid (6 )  was recovered quantità- (io) S. Searles, J r .,  D . G . H um m el, S. N uk ina , and P. E. T hrockm orton ,
tively by treatment of this quinine salt with 5%  hydrochloric acid, j ,  a mer. Chem. Soc., 82, 2928 (1960).
S atu ratio n  o f th e  so lu tio n  w ith  so d iu m  ch lo rid e , e x tr a c tio n  w ith  (1 1 ) a . G. Kostsova and L. B. Leout’eva, J. Gen. Chem,. USSR, 30, 3508
eth er, a n d  co n ce n tratio n  o f th e  co m b in ed  o rg an ic  e x tr a c ts . (i960).
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(<S)-l,3-Butanediol iimethanesulfonate (8 ) was prepared in tion of this material from absolute ethanol gave pure methiodide, 
analogous fashion from a 3.03-g (0.0336 mol) sample of 7, [a] 22d mp 169-175° dec.
+  10.1 ±  95° (c 10.170, CHCls), and 7.70 g (0.0672 mol) of A nal. Calcd for C+IM NChS: C, 34.79; H, 5 .84; S, 9 .29. 
methanesulfonyl chloride in 27 ml of pyridine. There was ob- Found: C, 34.90; H, 5 .88; S, 9.32.
tained 7.14 g (86% ) of 8 with spectral characteristics identical The ( +  )-methiodide 11 was prepared analogously from 3.10 g
with those of the racemic material. (15.25 mmol) of 10 to give 5.17 g (98% ) of flat, white needles,

(fl)-(-)-l,3-D ibrom obutane (9).— 'To a slurry of 12.6 g mp 196-197.5° dec, [a] 21d + 2 1 .6  ±  0.2° (c 4.829, H20 ) .
(0.145 mol) of lithium bromide (dried 2 days in  vacuo at 80° over ( ±  )-4-Methylthiete 1,1-Dioxide [ (± )-1 2 ] .— A 2%  excess
phosphorus pentoxide) in 50 ml of dry dioxane was added the 7.14 (8.87 mmol) of silver oxide was prepared by treating 3.02 g
g (0.0289 mol) of 8 prepared above, and the heterogeneous mix- (17.75 mmol) of silver nitrate with 0.71 g (17.75 mmol) of sodium
ture was allowed to stir at reflux for 5 hr. After cooling and hydroxide in water solution. The resulting solid was repeatedly
standing at room temperature overnight, the mixture was washed with water until the washings were neutral. The silver
poured into 150 ml of water and extracted with five portions of oxide was then washed with absolute ethanol, acetone, and ether;
pentane. The combined pentane layers were washed four times the last traces of solvent were removed in  vacuo. 
with water and the combined aqueous layers reextracted once The powdery solid was shaken in anhydrous diethyl ether (25
with pentane. The combined pentane extracts were shaken with ml) for 15 min with 3.00 g (8.70 mmol) of 2-methyl-3-piperidino-
brine, dried, and evaporated to give 5.25 g of 9 of ca. 92%  purity thietane 1,1-dioxide methiodide. The initially heterogeneous
by vpc analysis (77% ;, [a] 2Sd —29.9 ±  0 .5° (c 17.780, CHCL). black and white mixture of solids was soon replaced by a grayish,
The spectral properties of 9 were identical with those of the dl flocculent precipitate. The ether was evaporated and the
mixture. residue was heated in a rotary evaporator at 80° to decompose the

(S)-( — )-2-Methylthietane 1, 1-Dioxide (5) from 9.— T he5.02-g quaternary hydroxide and to remove methylpiperidine by­
sample of 9 (92%  purity, 0.0214 mol), prepared above, was product. The residue was extracted with ether, dried, and
added to a prewarmed (60°) solution of 1.95 g (0.0257 mol) of evaporated. The yellowish oil so obtained exhibited an nmr
thiourea and 3.09 g (0.0771 mol) of sodium hydroxide in 25 ml spectrum which denoted a product mixture of 94 ±  1%  of 4-
of water. The mixture was heated at reflux for 1.2 hr, 10 ml more methylthiete 1,1-dioxide and 6 ±  1% of the 2-methyl isomer 14:
water was added, and the volatile organic components were yield 0.55 g (53% ); n!4-6D 1.4813; bp 67-72° (0 .05m m );
steam distilled. The steam distillate was extracted with four 1320, 1300, 1188, and 1145 cm-1; <S?£s's 7.10 (dd, J 2,3 =  4 .0
small portions of methylene chloride and the combined extracts Hz, J 3., =  1.5 Hz, H-3), 6.71 (d, J  =  4.0 Hz, H -2), 4.85 (qd,
were dried; the thietane was oxidized directly as above with 8.44 J  =  1.5 and 6.9 Hz, H-4), and 1.51 (d, J  =  6.9 H z ,-C H 3).
g of 87.5%  m-chloroperbenzoic acid (0.0428 mol) in 55 ml of A nal. Calcd for C<H60 2S: C, 40.66; H, 5 .12; S, 27.14. 
methylene chloride at —10°. Upon molecular distillation of the Found: C, 40.72; H, 5 .23; S, 26.75.
residual crude product at 55-63° (0.03 mm), there was obtained (ft)-(-)-4-M ethylthiete 1,1-Dioxide (12).— Silver oxide (50 
0.54 g (21% ) of 5, [:x] 24d —8.3 ±  0.4° (c 10.615, C2H5OH), mmol) was prepared as above from 4.00 g of sodium hydroxide
whose spectra perfectly matched those of analytically pure and 17.00 g of silver nitrate. A slurry of the silver oxide, 13.3 g
(^  )-2-methylthietane 1, 1-dioxide (see below). of fine mesh anhydrous calcium sulfate, 16.88 g of 11, and 50 ml

(±)-trans-2-Methyl-3-piperidinothietane, 1,1-Dioxide [ ( ± ) -  of dry tetrahydrofuran was heated at reflux for 2 hr. After
• N-Propenylpiperidine12 (7.40 g, 0.059 mol) and 5.97 g cooling, the solvent was removed on a rotary evaporator and the

(0.059 mol) of triethylamine were dissolved in 250 ml of ether solids were heated on a steam bath in vacuo for 1 hr. The re-
and the solution was cooled to —5° with stirring under nitrogen. suiting mass was extracted three times with ether, and the com-
Methanesulfonyl chloride (6.75 g, 0.0o9 mol) in 50 ml of ether bined organic layers were filtered and evaporated to give 4.23 g
was^added at such a rate that the temperature remained below of crude product. Sublimation of this material at 55° and 0.05
- 5 ° .  Stirring was continued at room temperature for 7 hr, the mm gave 3.91 g (68% ) of 12 as a white solid, mp 5 9-61°, [«]26d
tnethylammonium hydrochloride was filtered off through Celite, - 2 0 .4  ±  0.2° (c 4.802, CHCI3 ). Recrystallization from petro-
and the filtrate was evaporated; 11.57 g of orange oil remained. leum ether-chloroform afforded thick cubic crystals, mp 5 9 .5 -

This crude amine was redissolved in ether and precipitated as 16.5°, [«]21-5d - 2 1 .2  ±  0.4° (c 5.995, CHC1-,. Infrared and nmr
the hydrochloride salt by the addition of ethereal hydrogen chlo- analyses revealed no trace of the 2-methyl isomer 14.
ride: yield, 12.06 g (85% ). Recrystallization from ethanol and 2-Methylthiete 1, 1-Dioxide (1 4 )+ — ’To a slurry of 300 g 
acetonitrile gave colorless crystals, mp 215-216° dec (lit.13 mp (1.43 mol) of silver oxide in 200 ml of water was added a solution
210“211 )' Liberation of the free base with aqueous potassium of 264.8 g (0.72 mol) of (±)-0'<ms-2-methyl-3-piperidinothietane
carbonate gave the sulfone as a white crystalline solid: mp 1,1-dioxide methiodide in 700 ml of water. The mixture was
41-43 (lit.13 mp 17-23 ), rm„  2950, 1440, 1320, 1198, and 1135 stirred for 15 min and filtered. The filtrate was heated on a

i /j  C*’ ^  =V7'® ^ z’ H“2 L 3.98 (d, J  =  3 Hz, one steam bath for 30 min and then evaporated to three-fourths its
H-4), 3.83 (d, J  =  1.5 Hz, other H -4), 2 .1 -2 .8  (m, 5, H-3 and original volume in  vacuo. After cooling, the remaining solution
a-piperidmo), 1-4-1.7 (m, 6 , other methylenes), and 1.45 (d, was extracted continuously with ether overnight. The ether
^  “  , . ’ “VHa)- ...............................  . solution was dried and evaporated to give 51.4 g (64% ) of an

a nr!°n i,aMS“2' ^ et^y^^'P1Per*(̂ (no*;Lietane 1,1-Dioxide. oil which by nmr analysis was found to be a mixture of 14 (67% )
— A 15.00-g (73.8 mmol) sample of amino sulfone (± )-1 0  was and 4-methylthiete f,1-dioxide (33% ). After standing at —16°
dissolved m 150 ml of acetone and mixed with a soiution of i 7 .15 for 2 days, this material partially solidified. The solid was
g (73.8 mmol) of a-eamphor-10-sulfonic acid in 130 ml of the separated by filtration, washed with cold ether, and recrystallized
same solvent. After 5 hr the precipitated solid was filtered and from ether to afford 20.7 g (25.8% ) of 14: mp 51 .5 -5 2 .5 ° ;
dried, 27.72 g (86% ), mp 231.5-233° dec. Four successive re- „“ ci, 1310 and n 3 5  cm - 1; gcpcis 6 77 (q> ^  j  =  1-8 H z, H-2),
crystallizations of this salt from absolute ethanol produced crys- 4.38 (m, 2, H-4), and 2.03 (m 3 -C II3)
tals of mp 244.5-246° dec. Liberation of the free base with Anal'. Calcd ’for C ^ C L S :’ C, 40.67; H, 5 .08; S, 27.15.
aqueous potassium carbonate solution afforded pure 10, mp Found' C 40 74' H 5 12' S 26 76
54 .5-56 .0°, M 2; »  + 7 0  0 ±  0 3° (c 3 100, C2HsOH). The ( ±  )-2-M'ethylthietane' 1 .i-D io xid e .-A  68 :3 2  mixture of 4- 
meltmg point of the salt and the optical rotation of the base methyl- and 2-methylthiete 1, 1-dioxides (1.7 g) dissolved in 50
failed to increase after further recrystalhzations of the former ml 0f absolute methanol was shaken on a Parr apparatus for 5.5
SÛ  bfot^ e “  and acetonitrile. hr under 50 psig 0f hydrogen in the presence of 0.2  g of 10%

Methiodide of (± )-fm n S-2-Methyl-3-piperidmothietane 1, 1- palladium on carbon. After filtration, the solvent was evapo-
7 ^ , ^ -  , J1: Y )0. g (14 '8 mmoI) of ammo sulfone rated and the residue was molecularly distilled at 39° and 0.05

Tu ° f Y agent Srade af tone was added mm t0  give 1.03 g (61% ) of mobile, water-white liquid, n 24-3d
¿ o f /  a " 1" 1! ! 1 1°  methyl iodide, and the solution was heated i .4680 , which was homogeneous on vpc analysis and thin layer

(55 ) for 6 hr with Stirling. An additional 4.20 g of methyl iodide chromatography: r“ “ 1332, 1217, 1163, and 1135 cm -1; sS£s‘
was then added and heating was continued for an additional 12 3 .6 -4 .8  (m , 3, a-sulfonyl), 1 .6 -2 .8  (m, 2, H-3), and 1.45 (d,
hr. Cooling of the mixture to 0 and filtration gave 5.00 g j  — 7 2 Hz, -C H 3)
(98% ) of white, powdery solid, mp 163-169° dec. Recrystalliza- A nal. Calcd for C,H80 2S: C, 39.98; H, 6 .71; S, 26.68.
------------------- Found: C, 39.96; H, 6.70; S, 26.48.

(12) C. M ann ich  and K . Davidsen, B e r ., 69, 2106 (1936); G. Opitz, H . ______________
H eilm an, and H . W . Schubert, J u s tu s  L ie b ig s  A n n .  C h e m ., 623, 112 (1959),

(13) G. Opitz, H . Scherrpp, and H . Adolph, ib id . ,  684, 92 (1965). (14) The authors th a n k  M r. R . W . Houser fo r th is preparation.
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(■R)-(+)-2-Methylthietane 1, 1-dioxide (13) was prepared 6 2 -3 ’ ( +  )-10  2 4 6 2 1 -6 3 -4 -  ( ± )  in ‘MR9 1  ra c .
similarly from 12, 85%  yield, 1.4689; [ « F d + 21.0 ±  0.2° / I f ’, ,  otfio (U  \\ m r o i r r  7
(c 9.740, C2H5OH). 2 4 6 2 1 -6 5 -6 ; ( ± ) - l l ,  2 4 6 2 1 -66 -7 ; ( - ) - 1 2 ,

24 6 2 1 -6 7 -8 ; ( ± ) - 1 2 ,  2 4 6 0 5 -7 5 -2 ; 13, 24605 -76 -3 ;

R egistry  No.-— (± )-3 -A ce to x y b u ty ric  acid, 24621- 14> 2 4 6 2 1 -5 7 -6 ;
5 8 -7 ; (± )-l ,3 -b u ta n e d io l dim ethanesulfonate, 24605 - A cknow ledgm ent.— T he authors thank the N ational
7 4 -1 ; ( ± ) - 2 -m ethylthietane 1 , 1 -dioxide, 2 4 6 0 9 -83 -4 ; Science Foundation  for p artial support of this research
2 ,6 2 9 0 -0 3 -5 ;  5 ,2 4 6 2 1 -6 0 -1 ; 7 ,2 4 6 2 1 -6 1 -2 ; 9 ,2 4 6 2 1 -  through G ran t G P -5977.
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Cyanate ion, unlike other anions, reacts with organic isocyanates to give salts of disubstituted isocyanurates 
(1“ ) which are readily converted to the corresponding acid (I). Trimerization of the isocyanate to the tri- 
substituted isocyanurate (II) is a competing reaction which can seriously detract from the yield of I. The 
selectivity to I was found to be sensitive to the concentration of cyanate ion, temperature, solvent type, iso­
cyanate structure, concentration of isocyanate, and ionic strength of medium. The mechanistic implication of 
these parameters on selectivity is discussed.

In  the course of a  recent investigation into the tiv ity  to I ~ is dependent on a num ber of reaction  vari-
mechanism  by which cy an ate  ion (N C O ~) reacts w ith ables. The following p aram eters were shown to  h ave a
organic halides, a  new and convenient synthesis of m arked influence on the com petition betw een trim eri- 
disubstituted isocyanuric acids (I) evolved . 3 Thus, zation and salt form ation.
it  was shown th a t alkali m etal cyan ates (M O C N ) Isocyan ate Structure.'— As shown in T ab le I , a  large
in dipolar ap rotic media react w ith organic isocyanates num ber of stru ctu rally  divergent isocyanates are appli- 
(R N C O ) to  give the salt ( I - ) of the corresponding cable in this synthesis. I t  is clear th a t the n atu re of R
disubstituted isocyanuric acid (eq 1). The singular has a profound influence on selectivity. T h e order in
R— NCO + MOCN — <- decreasing selectivity is aryl >  benzyl, allyl »  alkyl.

This is the sam e order of reactiv ity  reported for the  
M+ | reaction  of R N C O  w ith am ines to  form  u re a s ; 6 the

m ost electrophilic isocyanate gives the highest selec- 
I I  +  I I  (i) tiv ity .

r / n Y %  r / ny %  C oncentration of RNCO.'— Selectivity  varies inversely
q ^ w ith the initial con cen tration  of R N C O . As shown in
j -  U Table I I , a  tenfold increase in the initial isocyanate

by-product is the trisu b stitu ted  isocyanurate ( I I ) ,  a  concentration  reduced the selectivity  by nearly 5 0 % .

product anticipated  in view of the ease w ith w hich v V ,  T  f  Y T  T  f  deter-mine the effect of solvent on selectivity. As shown in isocyanates undergo base-catalyzed trim erization.4'6 m , Ttt ,• , , , , J  ,. , ,  ■„a „n T_ • , c , ■ TT , tab le  III , the dipolar solvents, such as dimethylform-balt I is readily separated from tnm er I I  by ex- ■ , /T-.v/n?\ £  j  u- i_ . , ,. ... . . .
. 1 „ i I t  ;• • . , amide (D M r)., afford the highest selectivities m addi-tracting the solvent-free reaction mixture with water ,. , , , ,. £ , , ,

/tt ■ i u n  i , - j - a  i.- <• tion to rate acceleration, these findings probably
( i t  is insoluble); subsequent acidification of the aque- a  , , ■ „ m o o  i / -j  7 , +  J'  „„i. , . . .  \  , , ,  . . ,  . .,H, reflect changes m K N C O  solubility (v id e  in f r a )  ratherous salt solution with hydrochloric acid precipitates , ■ ,. , , . , /  v , \  ' , .,
. 1  „  a t  . i  ,  ,. * than changes m dielectric constant or solvent polarity,the acid t . I  he present paper deals with the scope T,i\/n? i a J

t  ,, .. f  i . ,, , r  t)MJ? was employed throughout this study becauseot the reaction of eq 1 in terms of the parameters f .. •, , - r , , n .. J* ,, , ,■ I T__ 1 ot its availability and ease of purification.
governing e se ec ivi y  o . T em p eratu re .—A t m oderate tem peratures, th e  selec-

tiv ity  gradually increases w ith tem p eratu re reaching a 
esu  s plateau a t  75°. U nfortun ately , the tem p eratu re effect

A lthough the preparation  of disubstituted isocyanu- is com plicated by the fact th a t  increasing the reaction  
rates from  R N C O  and M O CN  is quite general, the selec- tem p eratu re also increases the solubility of the m etal

cy an ate  (see Table I V ) .
(1) Presented in  p a rt a t th e  155th N a tiona l M eeting of th e  Am erican r y _______ A__„  £  j. n .  v  • ±. j

Chemical Society, San Francisco, C alif., M arch  1 9 6 8 . C oncentration of NCO .— Owing to the limited
(2 ) T o  whom inquiries should be directed. solubilities of N aO C N  and K O C N  (th e only readily
(3 ) p. a . A rgabnght, b . l . P hillips, and c. h . DePuy, Tetrahedron Lett., available alkali m etal cy an ates), the N C O -  concentra-

5033 (1968). J n

(4) R . G. A rnold , J. A . Nelson, and J. J. Verbanc, C h em . R e v ., 57, 59
(1957). (6) C. Naegeli, A . T y a b ji, L . Conrad, and F. L itw a n , H e lv . C h im . A c ta ,

(5) J. H . Saunders and R . J. Slocombe, ib id . ,  43, 211 (1948). 21, 1100 (1938).
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Table I Table IV
Disubstituted Isoctanuric Acids (I) from the Reaction of E ffect of Temperature on Selectivity for

NCOR with KOCN in D M F (1 Hr at 75°)° the Reaction of Phenyl Isocyanate with NaOCN“
S electiv ity  to

I Tem p, diphenyl iso- Conversion [N a O C N ] X  103,
r .  J T n  °C  cyanurate, %  of PhN C O , %  m o l/I./INs.

y  J  6 52 85
35 61 91 5.51

R |f R 75 83 92
0  100 81 89 7 .2 6
1 ° Carried out in D M F for 1 hr.
Selec- Crude

R egistry  t iv i ty ,  y ie ld , M p , CC
R  no. % b % c (solvent**) 1 ABLE V

q 6H 5 20931-62-8 93 91 265-266' (E -W ) E f f e c t  o f  C y a n a t e  I o n  C o n c e n t r a t i o n  o n  S e l e c t i v i t y  f o r

o- C H 3C 6H 4 24S07-22-5 86 76 241-242 (E) t h e  R e a c t i o n  o f  P h e n y l  I s o c y a n a t e  w i t h  MOCN“
to-CH3C6H4 24807-23-6 84 76 200-202 (B -II) Selectiv ity  to
p-CH3C6H4 24807-24-7 93 84 255-256 (E ) M O C N  X  1<P, d iphenyl iso- Conversion

TO-C1C6H4 24807-25-8 95 92 198-200 (E -B ) M m°1/L cyanurate, % of PhN C O , %
¡o- C 1 C 6H 4 24807-26-9 82 76 259-260 (T) Na 5 ’51 61 91
p-CH3OC6H /  24807-27-0 58 48 220-223 (E ) K  2 1 -2 82 95
o-N 02C6H4 24807-28-1 89 75 300-301 (E -W ) Ll 800 79 91
C2H 5OCOCH2 24807-29-2 59 56 149-151 (D -W ) ° Carried out in D M F at 35° for 1 hr. 5 Determined by the
CH2=CHCH2 6294-79-7 64 49 147-148" (B ) method of F . C. Trusell, P. A. Argabright, and W. F . McKenzie,
C6H 5CH2 21742-97-2 59 50 179-180 (E ) A n a l Chem-’ 39’ 1025 (1967).
C H / 6726-48-3 42 26 222-223*' (W )
ra-C4Hc/* 24807-33-8 33 20 89-90»'(H) Table VI
“ Satisfactory analytical values (± 0 .3 0 % ) for C, H, and N were E ffect of Added E lectrolytes on Selectivity for

reported for all compounds. 6 Per cent of reacted RNCO con- the Reaction of Phenyl Isocyanate with NaOCN"
verted to I. e Mole per cent RNCO converted to I. d Recrystal- S electiv ity  to
lization solvent: B = benzene, D =  dioxane, E  =  ethanol, Concn, d iphenyl iso- Conversion
H = hexane, T  =  toluene, W =  water. * A. Hofmann, B er., E le c tro ly te  mol/1. cyanurate, % of PhN C O , %
18,3217 (1885). f  Difficult to  remove water from crude product. None 61 91
” H. Priebe, B . Falk, and K. Deutsch, Plaste K aut., 13 (4), 223 LiC104 0 .2 5  41 82
(1966). h Carried out for 24 hr at 100°. * A. Hofmann, B er., j q  q 25 39 89
14,2728 (1881). > British Patent 928,637 (1963) to Olin Mathie- LiCIO 0 50 8 70
son Chemical Corp. J 4 ~ 1

0 earned  out in D M F at 35° for 1 hr.

Table II
E ffect of Isocyanate Concentration on Selectivity for a  fa pt°r of 4 leads to a 33%  increase in selectivity.

the Reaction of Phenyl Isocyanate with KOCN" Surprisingly enough, when the concentration was in-
Seiectiv ity  to  creased by an additional factor of 40, the selectivity

[PhNcojo, diphenyl iso- Conversion of failed to increase. One other change was made in
m o i/i. cyanurate, % PhN C O , %* the system when the NCO~ concentration was dra-
2 ' 99 9® matically increased in going from KOCN to LiO C N :
q ’2Q 98 64 the ionic strength of the medium was also raised.

„ r , . ,  , . Ionic Strength.—The possibility that an adverse
reacted. ionic strength ettect was responsible lor the absence ol a

selectivity increase in passing from  K O C N  to the very  
Table III soluble LiO C N  was tested. Thus, phenyl isocyanate

E ffect of Solvent on Selectivity for the was allowed to re a ct w ith N aO C N  in the presence of
Reaction of Phenyl Isocyanate with KOCN" L iC 104 (an inert electrolyte) a t  different concentrations,

Selectiv ity  to  Conversion and selectivities were com pared with those in the
diphenyl ¡so- of PhNco, absence of added electrolyte. As sum m arized in T a -

SoIvent _ cyanurate, % % y e y j  ionic stren gth  of the m edium has a m arked
Dimethylformamide 82 95 effect on selectivity. F o r  exam ple, when the ionic

!met y su oxi e 84 89 stren gth  of the medium  is adjusted w ith L iC 1 0 4 to
Acetone ”  6 0 20 coincide w ith th ar when LiO C N  is em ployed, the

" Carried out at 3 5 = for l hr. selectivity  drops from  61 to  8 %  T he fact th a t K I
had essentially the same effect as L 1CIO4 on selectivity 
discounts the possibility of a specific cation (Li+) 

tion is essentially constant throughout the reaction. effect.
From  a practical point, the low solubilities of NaOCN In the absence of an adverse ionic strength effect, 
and KOCN in dipolar aprotic solvents necessitate an the LiOCN experiment of Table V would have resulted 
indirect method be used to vary  the concentration in a selectivity near 1 0 0 % .
of NCO to determine its effect on selectivity. In A general reaction of organic isocyanates is their 
view of the solubility differences of the alkali metal base-catalyzed trimerization to 1 ,3 ,5 -trisubstituted iso­
cyanates, NaOCN, KOCN, and LiOCN, it appeared cyanurates, I I .5 Basic salts (e .g ., sodium acetate) and
th at a means was available for varying N CO -  con- tertiary amines are particularly effective catalysts,
centration. As shown in Table V, an increase in N C O - In the reaction of RNCO with MOCN, then, there
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are several candidates for the active catalyst for the quence (eq 7 -1 0 ), either intramolecular ring closure
concomitant trimerization of RNCO to II . However, (eq 9) or a quasi Diels-Alder reaction (eq 10) can
the most probable catalysts, from the standpoint of
concentration, are N CO -  and the product, I - . Of , j?
the two, the latter appears to be the .more likely r— NCO -f- \— — q c > ¡> ^  q j,y n  q ^
catalyst for the following reasons: (1) 1“ , for example
potassium diphenyl isocyanurate, is an effective tri- 0
merization catalyst a t temperatures as low as 25°, _ || k-
and (2) the concentration of I - , as derived from R— N— C— N = C = 0  + RNCO -< = *
NaOCN or KOCN, exceeds by nearly an order of 2
magnitude the concentration of N CO -  (after 1 -4 %  Q R 0
reaction ). Again, the low concentration  of N C O - is a R__ ^ ___I __1 __ I N = r = n  m
consequence of the limited solubility of NaOCN (5 v ' J 1
X  10-3  M )  and KOCN (2.2 X  10-2  M )  in D M F ; R R
on the other hand, the salts of disubstituted isocyanuric I m* I
acids are extremely soluble in D M F. q k ,

From  the immediate foregoing, it becomes apparent 1 ~*ll~y —^ I I _ O)
th at the reaction of RN CO  with N CO - is quite unique R/ N x |T̂ N
in that the desired product, I -  induces the undesired q q
trimerization of RN CO , thereby detracting from the j_
selectivity to the product, I - . 1

R
1 0

Discussion A II
c

Selectivity.—In accordance with the mechanism pro- 1 / l l  I-  (10)
posed by Shashoua et a l . , 7 the I -  catalyzed trimeriza-
tion of R N C O  m ay be considered a series of isoenergetic ^ 0  R
addition reactions (eq 2 -4 ) terminated by displacement , , ,, , ,. . T . , ,
of catalyst (eq 5) account for the formation of I - . A t present, a choice

cannot be made between the two steps.
0  If step 9 or 10 is rate controlling, the overall rate
II expression for the formation of I - is

R— NCO + F  < R— N— C— I (2)
0  " = )cs[NCO-][RNCO]2 (11)

r— n— C— I +  R— NCO *  k ‘ * if fe'-j »  k ' 2 , and k'~ 2 »  fc'3, or fc'-i »  k \  where k s  is
k-- the overall rate constant for salt formation.

0  r  0  I t  follows from eq 6 and 11 th at the fraction of RNCO
|| | || converted to I -  ( i .e . ,  the selectivity to I - ) may be

R N C N C I (3) defined by the general expression given in eq 13.

O R O dlD]
_ II I H _ *, d< fcs[NCO_] [RNCO]2

R— N— C— N— C— 1 +  RNC0 d[I —] d[II] fcslNCO- ] [RNCO]2 +  M I - ) [RNCO]3 ( 1 )
di +  di

O R O R O or

K_ N _ C — N— c — A— C— I (4 , selectivity -  t ,|N C 0 - ( f  S A e n COI <13>

R R
| 0  | The kinetic expression (eq 13) for selectivity is con-

Os^JM ^ j  k sistent with the observation that the selectivity is
| | —U- I I  + I-  (5) an inverse function of the initial RNCO concentration

/  N \ /N x  (Table II) . For synthetic purposes, the technique
R II R R II R used to obtain maximum selectivities is dropwise addi-

0  0  tion of the RNCO to the M O C N -D M F slurry.
11 The observation that the selectivity increases with

If step 4 or 5 is rate controlling, the rate expression increasing N CO -  concentration (in spite of an adverse 
for the formation of II  is lomc strength effect) further supports eq 13.

The relative influence of ionic strength on the rates 
^liil = ¿t[I- ] [RNCO]3 (6) of formation of I - and II (as reflected by the selectivity)

can be rationalized in terms of the relative changes 
if k - i  »  fc2, fc- 2 »  h ,  and fc-3 »  kA, where fcx is the in charge dispersal between reactants and transition 
overall rate constant for trimerization. state for the primary steps (eq 2 and 7) for both pro-

When I -  is replaced by N CO - , other paths are cesses. I t  has been demonstrated by Ingold and co­
made available for one or more of the reaction inter- workers8 that increasing the ionic strength of the
mediates. As illustrated in the following reaction se-

(8) F o r a good review  of the  subject, see C. K . Ingo ld , “ S tructu re  and 
(7) V. Shashoua, W . Sweeny, and R. T ie tz, J .  A m e r .  C h em . S oc., 82, M echanism  in  Organic C hem istry ,”  C ornell U n ive rs ity  Press, Ithaca,

867 (1S60). N . Y ., 1953, p 361.
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8. -| A t least 90%  of the starting salt, IY , was recov-
s l  s ered.

o=c=n8 + h- n = c = o------► [^R-N«=i— - n=c=oJ  ------»• salt jf  ^he catalyst, IV, underwent ring opening and
retrogression, the reaction product would consist of a 

large change in charge dispersal mixture of cotrimers and disubstituted isocyanurate
salts in addition to IV and V.

r  s. u Experimental Section
R\ /?8"  o’  \  /

\ 8, il s.'f- \  Materials.— D M F was purified by drying over CaH2 followed
0=\ ~ + R"NsC=0 *■ r- n—c — n ) - °  ► ™“ER distillation at reduced pressure through a packed column.

/N \,s_ o ' \  A center cut was used for all experiments. Reagent grade iso-
L J  cyanates were used as received from the manufacturer; technical

grade isocyanates were purified by distillation. Benzyl is o ­

small change in charge dispersal cyanate was prepared by reacting benzylamine hydrochloride
. „ . . ... l i t  u with phosgene in refluxing xylene. After removal of the solvent,

Figure 1.— Comparison of reactant with transition state for salt ^  ôAuct> b n o -1 1 1 »  at 40 mm (lit.« bp 104-110° at 31-36
formation and trimerization. mm;, was collected. Potassium cyanate (Matheson Coleman

and Bell) and sodium cyanate (Fairmount Chemical Co.) were 
m ed iu m  fo r a  re a c tio n  in w h ich  th e  ch a rg e  is m ore  vacuum dried at 60° and stored in desiccators. Lithium cyanate 

diffuse in the tra n s itio n  s ta te  th a n  in th e  r e a c t a n t ,  (CL
Will result in rate retardation. and potassium iodide (Mallinckrodt) were used as received.

As shown in Figure 1, the initial steps for both the Infrared spectra were recorded on a Perkin-Elmer Model 521 
formation of 1 “  and II  involve an increase in charge spectrophotometer using K B r disks. Nuclear magnetic reso-
dispersal on passing from reactants to transition state. nance spectra were run on a \arian A-60 spectrometer in hexa-
xx .. . • , j -  i r t - r deuteriodimethyl sulfoxide solution using TMS as an internal
However, the increase m  charge dispersal for I forma- standard. x h / ir and nmr spectra o{ the compounds in Table I
tion is greater than that for the formation of II  owing were consistent with the assigned structures. The melting
to the greater charge delocalization in ground state points reported are ancorrected. Elemental analyses were
1“ than N CO - . Thus, increasing the ionic strength performed by Huffman Laboratories, In c., Wheatridge, Colo.
Of the medium suppresses the overall rate of I -  forma- . Diphenyl Isocyanurate - T h e  procedure for preparing diphenyl
.. , i i *  ,• /» tt u- ■ j  isocvanurate is typical of that used for treating the aromatic iso-
tion more than the formation of II resulting in a de- cyanates, benzyl isocyanate, and allyl isocyanate with metal 
crease in the selectivity to I - . cyanates.

This concept is consistent with the effect of isocyanate A slurry of 13.0 g (0.16 mol) of KOCN and 200 ml of D M F was 
structure on selectivity (Table I). T hat is, electron- heated to 75° in a nitrogen atmosphere. A solution of 35.7 g
w ithdraw inp' PTnnns nrp asso cia ted  w ith  hifrh selec- (0 '30 mol) of P1«51̂ 1 isocyanate m 100 ml of D M F was addedw ith d raw in g  grou ps a re  a sso cia te d  w ith  high selec dr0pwise over 1 hr. After stirring at 75° for an additional 30
tivities. Referring again to the transition states m min; the reaction mixture was allowed to cool, then transferred 
Figure 1, it is apparent that negative charge is more to a flash evaporator where the D M F was removed in  vacuo.
localized on the nitrogen in the transition state to I -  The residue obtained was stirred with 300 ml of distilled water
than in the case of II. Therefore, electron-withdrawing an4 the insoluble material was collected by filtration and dried 

, , , , , , , , , j  giving 3.70 g. The nmr spectrum of this fraction indicated its
groups (e .g ., aryl and, to a lesser extent, benzyl and comnosition was 67%  Mphenyl isocvanurate, 27%  1,3-diphenyl-
all yl) should play a bigger role in charge delocalization urea, and 6%  D M F. The aqueous filtrate was acidified with
in the transition state to product, I - , than in the concentrated HC1 to precipitate 38.50 g of a white solid. This
transition state leading to trimer, II. material was recrystallized from ethanol-water giving pure di-

Trimerization. —The I -  induced trimerization of phenyl isocyanurate mp 265-266°.
. . . , , (, , . • i • • It should be noted that in some instances the crude product

RNCO is a straightforward process, not involving ring precipitated on acidification was an infusible complex (nmr and
opening of I - . This was demonstrated by the follow- infrared) of the desired acid and the potassium salt. The salt
ing experiment. When 2 equiv of p-tolyl isocyanate component could be removed by stirring the infusible solid with
(III)  and 1 equiv of potassium diphenyl isocyanurate distilled water at room temperature for 24-72  hr. After filtration
/ txt\ , j  r  i o a  t  o ro  • i l  and drying, the product melted completely and was then purified
(IV) were contacted for 18 hr at 25 m D M T , the recrystallization
only product isolated was tri-p-tolyl isocyanurate (V), Di-n-butyl Isocyanurate.— The preparation of di-n-butyl iso- 
as shown in eq 14. cyanurate is typical of the reaction of aliphatic isocyanates with

metal cyanates.
A mixture of 10.5 g (0.16 mol) of sodium cyanate, 29.7 g

/ / —̂ \ ........ iv (0.30 mol) of butyl isocyanate, and 300 ml of D M F was stirred
CR) )  N (X 25° -DMF* at 100° for 24 hr. The cooled reaction mixture was filtered, and

'----- ' the D M F was distilled at reduced pressure from the filtrate.
Ill The residue was stirred with distilled water causing an oil to

CH separate. The oil was removed, dissolved in CHCL, and dried
j over M gS04. Removal of the solvent left 14.6 g of an oil which

consisted of (nmr) 84:% tri-n-butyl isocyanurate and 16%  di-n- 
I A A  1 butylurea. The aqueous phase was acidified with concentrated

HC1 giving a precipitate of 7.1 g. This product was recrystal- 
T lized from hexane to give di-n-butyl isocyanurate, mp 8 9-90°.

n  jy q (14) Effect of Isocyanate Concentration (Table II),— The KOCN
(0.53 mol/mol of phenyl isocy'anate) and D M F were equili- 

I brated at 75° and the phenyl isocyanate added rapidly to the
slurry. The initial exotherm was moderated as required with an 

-------------------r a  (9) J. N . T ille y  and A. A. R. Sayigh, J .  O rg . C hem . 28, 2076 (1963).
3 3 (10) W . P. te r H orst (to  M athieson Chemical C orp.), U . S. Patent

V  2,690,957 (1954).
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ice bath to maintain 75°; later heating was commenced as mixture of 0.16 mol of the appropriate metal cyanate and 200 ml
necessary. The reaction was allowed to proceed for 1 hr and was of D M F. The temperature rose from ambient to 35-40° during
then worked up as described above. the addition, and the reaction was stirred 1 hr thereafter. The

Effect of Solvent (Table III).— A solution of 0.30 mol of phenyl products were isolated as usual,
isocyanate in 100 ml of the appropriate solvent was added Effect of Added Electrolytes (Table VI).— The LiCICb or K I
dropwise over 1 hr to a slurry of 0.16 mol of KOCN in 200 ml of (to give the indicated concentration in the total amount of D M F
solvent. The temperature (initially ambient) rose to 35-40° used) was dissolved in 200 ml of D M F and cooled to ambient,
during the addition. The reaction was stirred for 0.5 hr after A charge of 0.16 mol of NaOCN was added to the solution, and
completing the addition and then worked up in the usual manner. 0.30 mol of phenyl isocyanate in 100 ml of D M F was added over
In the reactions using acetone and acetonitrile, part of the re- 1 hr. The reaction was stirred at ambient for 1 hr afterward,
action product precipitated from solution and was therefore and the products were then isolated as previously described,
isolated in admixture with KOCN. The organic materials were
separated by stirring the mixture with D M F, filtering, and distill- R egistry  No. —Phenyl isocyanate, 103-71-9; NaOCN, 

i" 4 £ f : i™ mFp ,,,,u r. (Table I V , .- A  „ W o n  of 0.30 mol of 917-61-3; KO CN, 590-28-3; LiOCN, 2363-79-3.
phenyl isocyanate in 100 ml of D M F was added over 1 hr to a .
stirred slurry of 0.16 mol of sodium cyanate in 200 ml of D M F at Acknow ledgm ent.— T h e authors wish to  express their
the appropriate reaction temperature. After stirring at tempera- gratitude to D r. F .  C . Trusell and M r. D . D . Conw ay
ture for 1 hr additional, the reaction was worked up in the usual fo r th e ir  analytical assistance and to  M r. J .  T . K elly
manner. . .. ™ , . and Dr. L . C. Gibbons for their encouragement andEffect of Cyanate Ion Concentration (Table V).—Phenyl iso- • * ®
cyanate (0.3 mol) in 100 ml of D M F was added over 1 hr to a gu id ance.

Studies on Reactions of Isoprenoids. I X .1 The R itter Reaction  
of 5,5-D im ethyl-1 -vinylbicyclo[2.1. l]h exane

T adashi Sasaki, Shoji E guchi, and T eruhiko  I shii

Institute o f A pplied  Organic Chemistry, Faculty o f  Engineering, Nagoya University, Chikusa-ku, Nagoya, Ja p a n
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Treatment of the olefin (1) in the title with benzonitrile in H2SO4 afforded 2 ,3,3-trimethyl-1-benzamidobicyclo-
[2.2.1] heptane (2), 2-phenyl-4,4-dimethyl-8-ethyl-3-azabic.yclo[3.3.0]octa-2,7-diene _ (3), and 2-phenyl-4,4-di- 
methyl-8-ethy 1-8-benzamido-3-azabicyclo [3.3.0]oct,-2-ene (4), indicating that this Ritter reaction involved the 
competing reactions between the cyclobutane ring expansion (C-5 migration) to give a 2,3,3-trimethylbicyclo-
[2.2.1] heptyl-l cation and the cyclobutane ring opening at the C -l-C -5  linkage. In the reactions of 1 with a 
large excess of acetonitrile in H2SO4 and with a small excess of acetonitrile in AcOH—H2SO4, 2,3,3-trimethyl-l- 
hydroxybicyclo[2.2.1]heptane (7), 2,3,3-trimethyl-l-acetamidobieyclo[2.2.1]heptane (9), and, furthermore,
2,3,3-trimethyl-l-acetoxybicyclo[2 .2 .1]heptane (8 ) only in the latter reaction, together with a small amount of
8- (2,3,3-trimethy lbicy clo [2 .2 .1] hep tyl)-v-sultone (6 ), were obtained, while treatment of 1 in A c0H -H 2S 0 4 af­
forded 7 and 8 . These results suggest that only the cyclobutane ring expansion of 1 occurred in diluted sulfuric 
acid. The C-2 stereochemistry of 2, 7, 8, and 9 disclosed that the cyclobutane ring enlargement is nonstereo­
specific. A plausible mechanism for the formation of 2-9  was proposed.

Heterocyclic syntheses with nitriles under the R itter sequent reactions of the resulting carbonium ions with
reaction conditions have attracted  much attention nitriles might afford azabicyclic compounds after re-
from the preparative point of view.2 M ost of the exam- arrangement and cyclization. 
pies, however, are limited to intramolecular cycliza-
tions of appropriate 1 .n-bifunctioiial systems v ia  inter- R esu lts and D iscussion
mediate nitrilium cations.* In  a previous paper,4 we structural Elucidation of P ro d u cts .-P ro d u cts  2 -9  
reported the ring-enlargement reaction of 5,5-dimeth- ^  igokted in the R itter reaction of 1  with benzoni- 
ylbicyclo [2.1.1 ]hexane-l-epoxyethane to a bicyclo- ^  acetonitrile under several conditions as
[2.2.1]heptane ring system by acidic hydrolysis, where gummarized in Table L  T heir melting points and
no cyclobutane rmg-fission products were isolated. ^  ^  ^  summarized in Table IL  Products
This paper deals with the results of the R itter reaction 2_5 ^  produced only in the presence of benzonitrile,
of 5,5-dimethyl-l-vmylbicyclo [_.1.1 ]hexane (1) with and g  wag formed jn the presence of acetonitrile, m-
benzonitrile and acetonitrile under several reaction d ica tin g that these might be derived from 1 and nitriles,
conditions. . but 5 - 8  were produced also in absence of nitriles, in-

W e expected th a t the cyclobutane ring fission of 1 dicating th a t these were derived only from  1 and sol-
m ight be caused by initial protonation 0 1  the vinyl ven t s
group in such strongly acidic media as H2S 0 4, and sub- v ^  gtm ctural eiucidation of 2 -9  was carried out as

(1) Part V III : T . Sasaki, S. Eguchi, and T . Ishii, Bull. Chem. Soc. Ja p . ,  follows. P r o d u c t  2  (C 1 7 H 2 3 N O ) Contained a benzamido
4s, 543 (1970). g r o u p  ( i r ) ; t h e  n m r  s p e c t r u m  h a d  a  d o u b l e t  a t  r  9 . 2 0

(2) (a) F . Johnson and R . Madronero, Advan. Heterocycl. Chem., 6, . „ „ ,,,„ 1 1  „c, tw r , s in c r lp ts  ( r  8  9 6  a n d
95 (1966); (b) L. I. Krimen and D. J .  Cota, Org. React.. 17, 213 (1969); assignable to CH CH 3 aS W e ll aS tWO SmgletS (T  8 .  JO A11U
(c) A. Hassner, R . A. Arnold, R . Geult, and A. Terada, Tetrahedron Lett., 9 . 0 8 )  a s s i g n a b l e  t o  a  (/ e m -d im e th y l  p r o t o n s ,  S u g g e s t in g

1241 (1968b  , , t . ,  t h a t  2  i s  n o t  a  n o r m a l  R i t t e r  r e a c t i o n  p r o d u c t  o f  1
(3) Recently an example of the double mtermolecular R itter reactions ot . . Q

4-methyl-3-pentenenitrile has been reported: J .  W. Ducker and M . J .  involving the Same ring SVStem, but a CydObUtane
Gunter, Aust. j . Chem., 3i, 2809 (1968), ring-expansion product, 2,3,3-trimethyl-l-benzaimdo-

(4) Part V II of this series: t . Sasaki, s, Eguchi, and t . ishii, j . Org. b j o v c i 0  [2  2  l l h e p t a n e  o r  2 , 7 ,7 - t r i m e t h y l - l - b e n z a m i d o -
Chem., 35, 219 (1970). - J R
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Table I
Summary op the Products Isolated in the Ritter Reaction op 1

E x p t no.“  N itr i le h Solvent system ,---------------------------------------------------P roducts ,c (yie ld, % ) d--------------------------------------------------- ,

i C6H5CN H2S 0 4 2 (1 0 .5 ) 3 (1 1 .5 ) 4 (5) 5 (trace)
ii CsIRCN H2S 0 4 6 (5)
iii CH3CN H2SO4 7 (12) 9 (trace)
iv CH3CN ACOH-H2SO4 6 ( 2 .7 )  7 ( 2 0 .5 )  8 ( 2 1 .0 )  9 ( 0 .1 )
v CH„CN H2S 0 4_ 6 (3) 7 (4) 9 (18)
vi None A c0H -H 2S 0 4 6 (trace) 7 (13) 8 (34)

“ Generally a mixture of 1 and nitrile was added to the solvent system, except ii where 1 was added to a mixture of benzonitrile and 
H2SO4. For the detailed procedure, see Experimental Section. 6 In v, a large excess amount of acetonitrile was used compared with 
small excess amounts of nitrile in i-iv. 0 Products only from nitriles such as benzamide are not included. d Yields are based on 1.

Table II
Analyses and Melting Points op the Ritter Reaction Products or 1

P rod- ,-----------------------------Calcd, % ----------------------------- , ,-----------------------------Found, % ----------------------------- ,
ucts M p , °C  Form ula  C H  N  C H  N

2 219-221 C17H23NO 79 .33  9 .01  5 .4 4  79 .38  8 .9 9  5 .4 2
3 102-103 C„H2,N 85 .3 0  8 .8 4  5 .8 5  85 .33  9 .1 3  6 .1 2
4 177-178 CîîHjüN îO 79 .96  7 .83  7 .7 7  79 .94  8 .0 4  7 .7 9
5 247-247 .5  C2,H3oN202 76 .15  7 .9 9  7 .4 0  76 .2 4  7 .8 7  7 .2 9
6  101-103 Ci0H16O3S 55 .52  7 .4 6  55 .65  7 .3 4
7 98-100 Ci0H18O 77 .86  11 .76  77.43 12.05
9 159-163 C12H2iNO 73 .7 9  10 .84  7 .1 7  73.81 11.11 7 .4 0

bicyclo[2.2.1]heptane. The former structure for 2 Chart I
was established by the fact that treatment of 2-exo- Mass Spectral Fragmentation op 2 and 9
m ethyl-3,3-dim ethyl-l-hydroxybicyclo[2.2.1]heptane r- -■+•
(7) with benzonitrile under similar conditions afforded  ̂ KAIHCOR
2, which was identified by vpc retention time. Vpc 2 (R=C6H5 series) / / L ~^/—
analysis revealed also that 2 was a mixture of 2-exo- 9 (R = CH3 series)
methyl and 2 -endo-methyl isomers in approximately L I
4.5:1 ratio. The mass spectral main fragmentations m/e 2,257
are explained in Chart I , in which some common frag- x 9 ,19 5
mentations to the corresponding acetamide derivative -CH2co(42),-e// z7  \
9 due to a l-acylamido-2,3,3-trimethylbicyclo[2.2.1]- s / —e \ +
heptane skeleton were observed in addition to those +- /  \  + NHCOR
(rti/e 105-»- 77 -► 51) due to abenzamido moiety .5 JL

P ro d u ct 3 (C 17H 21N ) had no amide absorptions but —  R C =0 +  / / ' / —  \  /
an absorption a t  1635 cm “ 1 ( C = C ,  C = N )  in the ir /  ? m 5  ' \
sp ectru m ; the uv spectrum  had 236 nm (e I e „’ ,o ' -H \
12 ,300) which shifted to  265  nm (e 16,700) in a 1%  H C 1- m,e 9 , 1 5 3  1 ’ m/e 1 5 2

E tO H  solution. This uv spectral behavior is similar to  I  /  /
th a t reported for 2-phenyl-3,3-diphenyl-A 1-pyrroline , 6 /  /  /  /  ClH‘° _CJt
suggesting the presence of a 2-phenyl-A 1-pyrroline + * /  * + +
m oiety in 3. The nm r spectrum  (Figure 1) contained a NH2 C(,H5+ NH NHCOR NHCOR
m ultiplet a t  r  4 .68  ( 1  H ) which changed to  a p artly  over- JL 1 9  7 7  A  J L  JL
lapped double triplet ( d , /  =  2 . 1  H z, and t, J  =  ca. 1.8 Q  m/e ’
Hz) when Hd and He were irradiated and to a doublet ' \  . I ' \  + — (
(•J  =  2.1 Hz) when Hd, He, and -C H 2CH3 were irra- \ + \ m' e 2 ’ 187 'M=^-
diated. This fact suggested the presence of a vinyl 4 3 9,125
proton Ha in a partial structure-C H 2C H = C (E t)CH-. , We 2,51 \_+  \ "^2,242
A triplet at r 9.08 and an asymmetrical broad multiplet - c,h10\ - ch3 - c5h,0\ Le3’ \ - h 9 ’ 180

at t 8.05-8.48 were assignable to an ethyl group. A \  \  \
broad doublet (J  =  ca. 8.5 Hz) at r 5.58 was assignable +_ + +. +
to an allylie methine proton (Hb) which coupled with CsHçN C9Hi6N C5H8N+ C9H15N NHCOR
Ho ( J  — 8.5 Hz), Ha (J  =  ca. 2 .1  Hz), Hd, Hse, and m/e 9,83 m/e9,138 m/e82 m/eVil
-C H 2CH3 from the spin-spin decoupling experiment \ jj
(Figure 1). A double triplet at r 7.16 ( J  =  8.5 and y
ca. 5.0 Hz) was assignable to a methine proton (H0) 
which coupled with rfc-methylene protons (Hd and He)

with J  = ca. 5.2 .7 A complex multiplet at r  7 .40-

(6) 271.4 nm (4 7 7 5  (2  H ) WaS aS8igned t0  Hd an d  H e- TW °  SharP
10,500). P. J. A. Demoen and P . A . J. Janssen, J . A m e r ,  C h e m . S oc ., 81, (7) The same m agnitude of the  coupling constants between th e  c is -

6281 (1959). (b) 2 -P henyl-A ^pyrro line , 244 nm (log e 4.33): F. and t ra n s - v ic  protons in  five-m em bered-ring systems has been often observed;
K o rte  and H .-J . S-oteinen, C h em . B e r .,  95, 2444 (1962). fo r example, see E . D . Becker and M . Beroza, T e tra h e d ro n  L e t t . ,  157 (1962).
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Figure 1.— Nmr spectrum of 3 in CDC13 at 100 MHz.

singlets a t r  8 .62  and 8 .7 9  were assigned to  g e m -di­
m ethyl protons. All these d ata  led us to form ulate the - ™ 3 - ™ 3

structure as 2-phenyl-4,4-dim ethyl-8-ethyl-3-azabicy- " \ / 0̂  Jaw»c.i2 .s m
clo [3 .3 .0 ]octa-2 ,7-d ien e. In  the mass spectrum , ion J b c = 9 . 0 Hz
peaks due to loss of C H 3, C 6H 5, and C 6H 5C N 8 from  / M l T i Y  * J c d . 1>2 hz

M +  (m /e  239, 67 .5) were observed a t  m /e  224  (5 .5 ), /  CHs
162 (12 .5 ), and 136 (94 .1 ), respectively. The base CH3

ion peak appeared a t m /e  1 2 1  ( 1 0 0 ) which can be de- ~
rived from  the m /e  136 ion on loss of C H 3. The skeletal hc

fragm entation betw een C - l ~ C - 2  and C - 4 ~ C - 5  Hb »» I
was observed in ion peaks a t m /e  145 (52.9) and 94 JC i. (  ' l
(28 .2) which m ight be ascribable to 3 ,3-d im eth yl-2- A A X X  M M
phenylazirine (Ci0H nN ) and ethylcyclopentadiene (  \ (  || | 1 ft lift ft
(CvHio), respectively. These m ass spectral d a ta  were
consistent with the assigned structure. k

P rod u ct 4  (C 24H 28N 2O, M +  m /e  360) was assigned as I I I
2-ph en yl-4 ,4-d im eth yl-8-eth yl-8-b en zam id o-3-azab icy- J  1
cyclo [3.3 .0  ]oct-2-ene, a  secondary R itte r  reaction  . I f  \ i
product of 3 :  the presence of a benzamido group was I I I fj KM I \  U 1
supported by ir sp ectru m ; the uv spectral behavior — \ J r \ J  ---------J U  V  w _ a_

A  max" 232  nm  and X(nAHCI_Et0H 270  nm ) was very  7 . 0  s.o 9 . 0  <
similar to th a t of 3 , indicating the presence of the sam e , , ,  . , ... ,
chrom ophore as 3. F rom  the fa c t th a t 3 was isolated
together with 4 and from the reaction  m echanism  . , ... „ „ „ „  n  . . ,
(C h art IV ), we assigned the above structure to  4 , but f 5*  the,  -C H C H 2S 0 20 -  group. The chem ical
further study shall be necessary for the definite d eter- f lft a A 6"6 T 3Y ^  °  ^  ? P° /  X
m ination ior protons of cam phene sultone (r  6 .95)

The stru ctu re of 5 m ight be a dibenzamide derivative and f ult° ne (r  6/ 5 )V T X
such as l-b en zam id o-l-ethyl-3-(2-benzam ido-2-propyl)- lowf  °oriresponding to  the -C H O S 0 2-
cyclopentane from  the analytical (Table I I )  and ir d a ta ; pr? ton f t X  apf fIared a t T 5 '60,m  ^ / o b o i n y l  Sult° T  
this product seems plausible as one of the possible X  X  ft X T  SU *  ^ X o X  u T u“  i 
products from  the cyclobutane ring fission (C h art IV ) X  X  X  p08ltl° A l  m  a 2,3 ,3-trim eth ylb icyclo-
but the isolated am ounts were too small to  be further [ ^ .  [heptane ring. The presence of a long-range
investigated coupling between H c and Hd (Figure 2) supported the

The stru ctu re of sultone 6 was shown by ir (SOs, forE™ lad on - X  th ? m ^ s  spectrum , the loss of
1 3 4 2 ,1 1 7 3 ; no OH, C = 0 ,  or C = C )  and nm r (Figure 2 ). S° 2 from  th<f parent T  X X o  X  X  tX  X l  Y
The typical A B C  p attern  ( r  6 .57, H b; 6 .96, H a; 7 .64 , H 0) f P earance ° f t h e a t  m! e 1527 (? X  X X n c  X  T

be further cleaved to  ions a t  m / e  137, 123, 96 , 82 , 69,

(8) This fragment appeared at m/e 104 (38.4) after hydrogen abstraction
(ion-molecule reaction) as often observed in the mass spectra of nitriles: (9) J. Wolinsky, D. R. Dimmel, and T. W. Gibson, J. Org. Chem., 32,
F. W. McLafferty, ¿naZ. Chem., 34, 26 (1962). 2087 (1967).
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Chart II Chart III
Mass Spectral F ragmentation of 6 Mass Spectral F ragmentation of 7

Et NHCOQft +H +OH

Jr  A i — 6
Me—| NHCOC6H5 J c \

m /e  154 /
1 2 ,R  =  C6H5 5 7 „„  /  _ CH

9, R =  CH3 a fission/  CKj /  5 10

El\_____ J  aC.CONHE. C A  H0+ *  +0H /  +0H

r  r  r r  ¡v a 4
Me Me Me Me /  / \

3 4  7,R  =  H /  \  m/e 84
8 , R =  C0CH3 —CH2CH2 m/e 139 /_„•  ,

10, R =  C0C6H4N 02(p) + /  |

, H0+ |  0 +6 —* JK>  ̂ (V O
I v + . m/e 83

'  d 77^126 x  0  .
m/e 216(2.0%) _ h  c l l d  I

j y  = , j  y
0 + II cfissionj fission

m/e 152(21.0%) (| \  P  0 + 9 + 0 +
11 ^  Ji h hJ  h 4 -

77z/e 55(74 .8%) m /1 2 5  \ W _ ^  * ' / — \ _ J

' \ - c sHll { - CA
a n d  55, e t c ,  s i m i l a r  t o  t h o s e  o b s e r v e d  i n  t h e  k n o w n  J - c2hs \  s

s p e c t r u m  o f  3 - ( l , l - d i m e t h y l - 2 - p r o p e n y l ) c y c l o p e n t a -  ' 0 +

n o n e . 4 A n  i o n  p e a k  a t  m / e  4 1  (6 2 .0 )  a p p e a r e d  i n  a  0 + JJ

h i g h e r  a b u n d a n c e  s u p p o r t i n g  t h e  s t r u c t u r e ,  s i n c e  t h i s  1 1 1 ^  f|

i o n  is  k n o w n  t o  b e  c o m m o n  f o r  a l l  n o r b o r n a n e  d e r i v a -  J f

tives, and, furthermore, its relative abundance is known m/e 55
t o  b e  e n h a n c e d  b y  t h e  p r e s e n c e  o f  a  ^ e m - d i m e t h y l  9 1

g r o u p . 10

7ooPnodUCu 7i ! f / r lo R n ° l  T  & alc«hol/ ro«1̂  in Chart I II ) , which are quite different from those of
f  ° °  “ dJ , 10j l C“ l ; fho nmr had signals at r  7 60 2-norbornanols.10 The most interesting feature is the

(1 H, s OH), 7 .80-8 .90  (7 Ik  m, methylene, and meth- appearance of an ion at m / e  83 as the base peak and the
me pro ons), . («*• • > s> ,me y P™ °|l[er relatively lower abundances of the ions at m / e  43 and 41.
lapped with a half of a doublet due o -C H C H , 9 08 The b fission can ield ions at m / e  M  83 and 82 as well
(3  H s  m e t h y l  p r o t o n s ) ,  9 . 1 7  ( m  .o  H, a  h a l f  o f  a  a g  t h o g e  a t  m /e  6 9  (C^ +) a n d  5 5  e t c  T h e  a  f i s s i o n

doublet due to CH CH .) and 9.50 (1 H, m C-2 en d o  can afford ioQS at m /p  m  125 9? and 55 etc u
proton),11 suggesting that 7 is 2-exo-methyl-3,3-di- a m  , , „ , , , ,  ■ , . . .,xi i l , .  i r c n . i ,  x % ’ An oily product 8 showed the lr spectrum quite similarmethyl-l-hydroxybicyclo|2.2.1 Iheptane, a cyclobutane , ,, , ,  , . , • , c >, ,i 0J . , x ii m, h x , , to that ol an acetate derived from 7, suggesting the 8
ring-expansion product.12 Ih e  structure and stereo- • , , , „ , . v  ,i . f  • x'c i i  "n i - i  • might be 7-acetate. Vpc, however, revealed that 8 is achemistry of 7 were justified by the chemical conversion • , . , , , . n  , ,
, . , /nr. i- xi i o xi i i mixture of c a . 1 :1  en d o  and ex o  isomers. Hydroiy-to ezo-isocamphane (2,2-dimethyl-3-ea;o-methylnorbor- c a  a  j  j  . n- , , , • l . , ‘s , ,  „ r  v .. x x  , sis of 8 afforded a crystalline product which had a
nane).12 7 gave the corresponding acetate and p-nitro- ■ , ,  . f 5  . c -  ,• x m  mm • x i c , , ■ supenmposable lr spectrum on that of 7, and a satis-benzoate 10. th e  mam mass spectral fragmentations f , i • c tt n  tx x, , . , ,  , . , . & £ . factory analysis for C i0H i8O. Its nmr spectrum was
can be explained by two ring cleavages (a and b fission , . ; ,, . c *  mu l j  i I  , ,°  °  also similar to that of 7. ih e  hydrolyzed product was

(10) D .R .D im m ei and j . w oU nsky,/. Org. chem., 3 2 , 2 7 3 5 (1 967 ). t r e a t e d  w i t h  p - t o l u e n e s u l f o n y l  c h l o r i d e ,  f o l l o w e d  b y
(11) e . Pretsch, h . immer, c .  Pasouai, and w . Simon, Heh. cum. Acta, l i t h i u m  a l u m i n u m  h y d r i d e  r e d u c t i o n  t o  a f f o r d  & m i x -

50, 105 (1967); R. G. Foster and M. C. M clvon, Chem. Commun., 280 . i 1 7 * ^
(1967); J. A. Claisse and D. I. Davies, J. Chem. Soc., B. 679 (1962). t u r e  ° :  eX0~ a n d  e ild o - lS O C a m p h a n e  in Cd.l'.l r a t i o  ( v p c )  ,

(12) Vpc analysis of 7 purified by sublimation showed a single peak,
though that of crude 7 obtained by chromatography had two peaks in ca. (14) For mass spectra of alcohols see (a) J . H. Bey non R. A. Saunders,
3: l  ratio, indicating that both C-2 exo and C-2 endo isomers were produced and A. E. Williams, “ The Mass Spectra of Organic Molecules,”  Elsevier 
but in favor of the C-2 ezo-methyl isomer. Publishing Co., New York, N Y ., 1968, pp 132-153, 190-210; (b) H. Bud-

03) (a) S. Beckmann and B. Geiger, Chem. Ber., 94, 1910 (1961); (b) zikiewicz, C. Djerassi, and D. H. Williams, “ Mass Spectrometry of Or-
J . A . Berson, C. J. Olsen, and J. S. Walia J. Amer. Chem. Soc. 84, 3337 ganic Compounds,” Holden-Day, Inc., San Francisco, Calif., 1967, pp 94- 
(1962). 128.
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Chart IV
H

K + a ’ S02 0v

cHiSaH. ^  /x5 ^ s°2

a- p n g  enlargement  ̂ ?

7 ~  /  AcOH^s g

1 A  |
I 1RCN

b, r in g  fiss ion  “X 1 J ^ d r *
\ _ J  +  CsH jC N  / X  /

M ^ n= cc6h5 f ~

C \ h+, c,h5cn B  l H’°

I  \  2 , R  =  CeH5

E t E t N = C C 6H5 9’ R =  CHs

A  Q  +. ^  5'-ji ^ = cc6h5

i

F  E

indicating 8  to  be a 1 :1  m ixture of 7 a ce ta te  and its of C -5 can  be rationalized by the larger m igration apti-
2 -endo-m ethyl isomer. tude of a tertiary  carbon (C -5) than  th a t of a  prim ary

P rod u ct 9  was characterized as 2 ,3 ,3 -trim eth y l-l- carbon (C -6 ) . 16a The observed stereoselectivity  in favor
acetam idobicyclo[2.2.1]heptane from  the analytical to  the C -2 exo-methyl isomer suggests the presence of a
(Table I I )  and sp ectral d ata . V pc revealed a very  conform ational effect . 16 A  cyclobutane ring cleavage
unsym m etrical peak, suggesting th a t 9  m ight be a (path b) via A  affords an olefinic tertiary  cation B ,
m ixture of C -2  stereoisom ers. T he ratio  was estim ated which could be the precursor of 3, 4 , and 5 as illustrated
as roughly 2 : 1 . T he m ajor peak had the sam e retention in C h art IV . T he preferred fission of the C -l -C -5
tim e with a product obtained by treatm en t of 7 with bond to C - l - C - 6  can be explained by the m ore stable
acetonitrile in H 2SO4 , supporting the above stru ctu ral nature of the tertiary  cation B  th an  th a t of the prim ary
assignm ent. In  the m ass spectrum , a ch aracteristic cation from C - l - C - 6  fission. T he p ractical isolation of
fragm entation due to  loss of the ketene m olecule15 was 3 and 4  indicates th a t a  path  to  F  from  C is preferable to
observed by an ion a t  m /e  153 which can  afford ions a t a  direct cyclization of C to E . T he form ation of 5 in
m / e  138 and 83 , e tc ., in addition to  the com m on frag- a v ery  small am ount could be understood b y  the un­
m entation p attern s to  2  by ions a t  m / e  180, 152, 137, stable dication structure of an interm ediate D . 17

1 2 5 ,1 2 4 , and 82 , e tc ., as depicted in C h art I. The form ation of sultone 6  can  be explained similarly
M echanistic Consideration.^— A plausible m echanism  to  th a t of cam phene sultone . 9 A  cyclobutane ring

for the form ation of 2 - 9  is sum m arized in C h art IV . expansion will be caused by the a ttack  of +S 0 3 H  a t the
A cyclobutane ring expansion of 1 to a cyclopentane vinyl group to  afford a bridgehead cation, followed by
(path  a) via a  secondary cation  (A) affords a 2 ,3 ,3 - cyclization.
trim eth ylb icyclo[2 .2 .1 ]h ep tyl-l cation  which can give T reatm en t of benzonitrile with sulfuric acid is known
the corresponding R itte r  reaction  products 2 and 9  to afford benzamide, dibenzamide, and 2 ,4 ,6-triphenyl- 
by addition to  benzonitrile and acetonitrile, followed by (16) (a) c  D Gutsche and D Redmore> ..Carbocyciic Ring Expansion 
hydrolysis. Before additions to  nitrile, the addition to R e a c tio n s ,”  A ca d e m ic  Press, N e w  Y o rk ,  N . Y „  1968, p p  3 -6 0 . (b ) F u r th e r

acetic acid can afford 8 and the hydrolysis can  give 7. stud ies are necessary fo r  e x p lo rin g  th e  s te re o s e le c tiv ity  in  such c o n fo rm s -
_  ,  . . . 1 ■, 1 t io n a ily  m o b ile  system s; cf. C . J . C heer a nd  C . R . Johnson, J . Amer. Chem.In the above ring expansion, the selective rearrangement Soc < 90 178 (1968)i and re{ 4>

(17) I n  o rd e r to  d e m o n s tra te  th e  abo ve  p o s s ib ility ,  syn thes is  a nd  th e

(15) R e ference 14b, p p  3 36 -36 6 . R i t t e r  re a c tio n  o f l-v in y l-3 - is o p ro p e n y lc y c lo p e n ta n e  are  to  be s tud ied .
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1 ,3 ,5 -tr ia z in e , 18 all of w h ich  w ere also isolated  as b y - u — l (5 g, 0.037 mol) was stirred to an ice-cooled mixture of
p ro d u cts  in  i an d  ii (T a b le  I ) .  benzonitrile (5 g, 0.048 mol) and sulfuric acid (10 g). After

. -i . , i . , 5 hr of stirring at room temperature, the mixture was treated as
A s a  con clu sion, an  ex p e cte d  a z a b icy ch c  com p ou n d  abov6i and the chioroform ex:racts (4 .5 g) were purified on a

like 3 w as o b tain ed  w hen 1 an d  b enzonitrile w ere silica gel column to give 0.8 g of recovered l and 0.6 g of 2,4 ,6-
added to  sulfuric acid  b u t n o t w hen 1 an d  a ce to n itrile  triphenyl-1,3,5-triazine, mp 239-240° (lit.21 mp 239°), from the
w ere tre a te d  sim ilarly  w here a  h eterog en eo u s re a c tio n  first fraction eluted with dichloromethane. The second fraction

afforded  m o stly  in tra cta b le  b y -p ro d u cts ; even  In th e  U ’ n A “ ' l l E S r t f K B o ' » !
h om ogen eou s re a c tio n  of 1 w ith  a  larg e  excess a c e to -  1342, 1173, 1059, 838, and 807 cm J ; mass spectrum m /e  216
n itrile , th e  p ro d u cts  w ere seem in gly all d erived  from  a (2.0), 201 (7.3), 187 (5.0), 152 (21.0), 137 (12.0), 123 (10.5),
b ic y c lo [2 .2 .1  ]h ep ty l ca tio n , su ggestin g  th e  difficulty of 109 (18.5), 96 (42.5), 83 (69.0), 82 (36.5), 69 (100), 55 (75.0),
A  -*■ B  con version  in such  m ed ia as sulfuric acid  diluted  and 41 (62.0). , . , . ,

. . .  , , ,. From the third and fourth fractions eluted wuth methanol-
w ith  a ce to n itr ile , a n d /o r  a c e tic  acid . H o w ev er, th e  dichloromethane, 0.4  g of dibenzamide, mP 148-149° (lit.23
m ech an istic  con sid eration  su g gested  a  p ossib ility  th a t  mp 148°), and 2.0  g of benzamide were obtained,
such  a z a b icy clic  com p ou n ds like 3 ca n  be p ro d u ced  b y l with Acetonitrile, iv.—A mixture of l (3 g, 0.022 mol) 
th e  R i t t e r  re a c tio n  of a p p ro p ria te ly  s u b stitu te d  1 ,3 -b i- and acetonitrile (1.5 g, 0.036 mol) in acetic acid (6 ml) was stirred
f . • 1 , , , • , • , ,  into an ice-cooled mixture of acetic acid (4 ml) and sulfuric acid
fu n ctio n al cy clo p e n ta n e  d e riv a tiv e s . 17 (7 ,nl) during 0.5 hr. After 3 hr of stirring at room temperature,

tne chloroform extracts (3.5 g) were purified on a silica gel col- 
■p>YT. . r i r n . n t - i  C p - H ^ n iB a  umn eluting with chloroform. The first fraction gave 0.66 g of a

P paraffin-like oil which had no C = 0  bands in the ir and was dis-
5 ,5-Dimethyl- 1 -vinylbicyclo[2.1.1]hexane ( 1) with Benzoni- carded. The second fraction gave 0.90 g of the acetate 8 as an

trile. i .I9b—A mixture of 3.0 g (0.022 mol) of l 20 and 3.4 g oil: ir (neat) 2965> 1735> 1373> 1250> and 1090 cm h VPC (sili-
(0.033 mol) of benzonitrile was slowly added to 8.0 g of ice-cooled cone SE-30 at 140 ) showed two peaks with area ratio of ca . 1 :1 ,
sulfuric acid (sp gr 1.84) with stirring during 15 min, and the one of which had the same retention time as the 7 acetate, 
stirring was continued for 7 hr at room temperature. The mix- third fraction afforded 0.13 g of 6 . The fourth fraction
ture was poured onto ice-water (200 ml) and extracted with gave 0.71 g of the alcohol 7 as needles after several sublimations
chloroform (200 +  100 +  100 ml). The combined chloroform at 40-45 (20 mm ).12 mp 98-100 (sealed tube); ir^(RBr) 3300,
extracts were washed with aqueous sodium bicarbonate, water, 2955, 1308, and 1106 cm l ; mass spectrum m /e  154 (2 .7), 139
and saturated aqueous sodium chloride successively, and dried (50.2), 125 (11.4), 111 (8.1), 97 (8.4), 84 (23.3), 83 (100), 82
(Na2SC>4). Removal cf the solvent under reduced pressure left a (17-5), 71 (8 .9), 69 (12.0), 67 (8 .8 ), 55 (33.2), 53 (9 .5), 43 (27.3),
brownish oil (5.02 g) which was purified by chromatography 41 (23.9), and 39 (12.3).
on a silica gel column (Mallinckrodt, 100 mesh) eluting with di- 9'|le fibh fraction gave 0.005 g of the acetamide 9 : mp 159-
chloromethane and then with dichloromethane-methanol sol- 793 (n-hexane); ir (K B r), 3p50, 2950, 1646, 1550, 1370, and
vent system. The first fraction gave a paraffin-like oil (0.5 g) 1312 cm nmr (CDCI3) r  4.10 (1, broad, s. N il) , 8.09 (3, s,
which was not identified. The second fraction gave recovered COCH3), 7 .00-8 .80  (8 , m, methylene and methine protons), 9.02, 
benzonitrile (0.5 g). The third fraction afforded 2 (0.6 g) as 9-16, and 9.15 [9, s, s, and d, J  =  7.8 Hz, C(CH3)2 and CHCH3] ;
colorless needles: mp 219-221° (?i-hexane-CH2Cl2); ir (K Br) mass spectrum m /e  195 (36.8), 180 (68 .6 ), 168 (13.5), 166 (14.0),
3450, 1647, 1550, 1315 (NHCO), 1610, 1585, 1503, and 639 153 (9.0), 152 (14.4), 149 (11.0), 139 (13.5), 138 (65.3), 137 (7 .0),
(phenyl) cm -1; nmr (CDC13) r  2 .10-2 .75  (5, m, C6H 5), 3.80 136 (17-5 )> 125 (40 -8 )> 124 (10°k  121 (2 8 -°)> 93 (2 3 -D> S3 (53.4),
(1, broad s, NH ), 7 .60-8 .80  (8 , m, methylene and methine), 82 <94 -2 )< 81 <17"5)> 71 U 9 -»).- 70 (29 -5), 99 W .» ) ,  67 (25.0),
8.96 and 9.08 (6 , s, C(CH3)2), and 9.20 (3, d, /  =  7.0 Hz, 55 (65.7), 44 (20.0), 43 (.95.3), 42 (45.0), and 41 (97.8).
CHCHa); mass spectrum m /e  257 (35 .7 ), 242 (15.0), 187 (15.0), Ths last fraction eluted with methanol afforded 0 .4  g of brown-
186 (76.4), 168 (10.4), 152 (8.0), 149 (15.7), 137 (8.0), 136 (12.1), ish oil which might be amide derivatives (ir 1653 and 1550 cm “1),
124 (22.5), 121 (11.5), 105 (100), 83 (12.0), 82 (16.5), 81 (8.5), but further identification was unsuccessful.
77 (35.0), 71 (7.0), 70 (8 .0), 69 (11.0), 57 (11.5), 55 (9 .5), 51 iii.I9b A mixture of 1 (3 g, 0.022 mol) and acetonitrile (1.35
(10 .0) , 43 (10.0), and 41 (14.0). g> 0.C22 mol) was stirred into ice-cooled sulfuric acid (7 g). The

The fourth fraction gave 5 as colorless crystals (0.007 g): resulting heterogeneous mixture underwent an exothermic reac-
mp 247-247.5° (EtO H ); ir (K B r), 3340, 3086, 2930, 1648, tion and afforded after chromatography 0.4 g of 7, trace amount
1605, 1580, 1546, 1315, and 700 c m -1. of 9 - and 0.2 g of paraffinlike oil.

The fifth fraction gave 3 (0.6 g): mp 102-103° (n-hexane); v.19b A mixture of 1 (1.19 g, 0.0087 mol) and acetonitrile 
ir (K Br) 1635, 1608, 782, and 639 cm “1; mass spectrum m /e  (4 -03 S- °.-098 mo1) was added during 40 min into ice-cooled 
239 (67.5), 224 (5.5), 162 (12.5), 145 (52.9), 136 (94.1), 121 sulfuric acid, and the mixture was stirred for 18 hr at room tem-
(100), 107 (5 4 .9 ), 104(38 .4 ), 9 4 (2 8 .2 ), and 77 (’l3 .7 ) . " ’ perature. Work-up as above afforded 6 (0.05 g), 7 (0.05 g),

The sixth fraction gave benzamide (1.0 g) and the seventh, and 9 (0.31 g). 
a brownish oil (1.0 gt which was further purified on alumina Hydrolysis of 8 . A mixture of 0.6 g of 8 and 10 ml of 5%  aque-
(neutral, Merck, activity grade I) column eluting with benzene to ous P°tassium hydroxide in 25 ml of methanol was stirred for 1
give 4 (0.3 g): mp 177-178° (n-hexane-CH2Cl2); ir (K Br) 3375, week. at r.00m temperature. Extraction with chloroform after
1635, 1580, 1524, 1303, 767, 713, and 690 cm “1; mass spectrum dilution with water (ca. 300 ml) and work-up gave 0.4 g of crystal-
m /e  360 (34.2), 345 (3.1), 239 (18.2), 198 (14.4), 186 (19.9), line solids which were sublimed at 40-45° (20 mm) to give 0.35
185 (100), 184 (32.4), 170 (41.8), 149 (15.9), 105’ (67.1), 104 £ of needles: mp 65-69° (sealed tube); ir (K B r) 3335, 2944,
(22 .0) , 77 (36.7), 71 (14.2), 69 (14.3), 57 (29.4), 56 (16.8), 55 1310> and 1110 cm ~b nmr (CDCh) 7.69 (1 , s, OH), 7 .80-9 .80
(16.5), 44 (29.8), 43 (31.2), and 41 (29.0). («*• 7 > m > methylene and methine protons), 8 .90-9 .30  (9, m,

The residual portion eluted with methanol gave 0.6 g of non- C(CH3)2 and CHCH3), and 9 .40-9 .80  (ca. 0 .5 , broad m, C -2
crystalline mass which was not further identified. endo proton); vpc (Silicone SE-30, at 100°) had two peaks in

The water layer after extraction with chloroform was neutral- f». 1 :1  ratio, one of which had the same retention time as 7. 
ized wffth 10%  aqueous potassium hydroxide and extracted with A nal. Calcd for CioHiS0 :  C, /7 .86 ; H , 11.76. Found:
chloroform to give benzamide (0.26 g). C, 77.43; H, 12.19.
------------------- Acetylation of 7.— Treatment of 7 (0.055 g) with acetic an-

(18) P. A. S. Sm ith, "T h e  C hem istry of Open-Chain Organic N itrogen  hydride (2.5 ml) and p-toluenesulfonic acid (0.07 g) at room
Com pounds,”  Vol. l, W. A. Benjam in, In c ., New Y o rk , N . Y ., 1965, pp temperature for 24 hr gave 0.06 g (87% ) of 7 acetate as an oil:
2°?7nf1; , , ir (neat) 296° . 1736, 1480, 1327, 1253, and 1087 cm “1; nmr

(19) (a) U v  spectra were determined w ith  a JASCO M ode l O R D /U V -5  ------------------------

spectrometer and mass spectra w ith  a JE O L  M odel JM S-01SG mass spec- (21) B . W . Frizm m on. C. H ew le tt, and R. A. Shaw, J .  C h em . S oc., 4779
trom ete r a t 70 eV. Vpc analyses were performed on a H ita ch i K-23 gas (1965).
chrom atograph or a Yanagim oto gas chrom atograph, M ode l GCG-220, (22) R. I .  Shriner, R . C. Fuson, and D . Y . C urtin , "T h e  System atic Iden-
using a 2-m colum n packed w ith  silicone SE-30, DOP, or Apiezon L ;  tifica tio n  of Organic Com pounds," John W iley &  Sons, Inc., N ew  Y o rk , N . Y .,
see also ref 4, footnote 9. (h) Corresponds to  experim ent num ber in  Table I .  1956, pp 57-62.

(20) R . H . L iu  and G. S. Ham m ond, J . A m e r. C hem . S oc ., 89, 4936 (1967). (23) E . Fischer and H . Troschke, B e r .,  13, 708 (1880).
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(CDC13) t 7.95 (3, s, CO CH 3), 7 .40-8 .70  (ca. 8, m, methylene 1195, 1180, 1043, 1030, 880, and 675 c m -1. The tosylate was
J ? ” Pro ôns)> 8.97, 9 .08, and 9.16 [9, s, C(CH3)2 and reduced with lithium aluminum hydride (0.5 g) in tetrahydro-
CHCHii]; mass spectral molwvt 196. furan (5 ml) under refluxing for 1 week. The product was taken
P  70 90 7ralcd for C12H20O2: C, 73.43; H, 10.27. Found: in ether and was analyzed on vpc to reveal two main peaks.
L ,  /3 .28 , H , 10.42. The major peak was recovered tosylate and the minor (ca.

p-Nitrobenzoylation of 7. Treatment of 7 (0.15 g) with p - 5%  peak area of the main peak) had the same retention time (6
mtrobenzoyl chloride (0.25 g) in dry pyridine (2 ml) at room min) with that of ezo-isocamphane, which was prepared as a
temperature for 40 hr and work-up gave 0.2 g (6 8 % ) of the p-  mixture of exo (85% ) and endo (15% ) isomers by catalytic re-
nitrobenzoate of 7 (10): mp 125° (EtO H ); ir (K Br) 3120, 2964, duction of camphene with Pd-C  (10% ) in ethanol,13b and had

1350, 1295, 1122, 1110 , and 715 cm -1 ; nmr bp 160-165° and mp 5 4 -6 0 ° .24 Similar treatment of the alcohol
(CDCh) r  1.79 (4, s, phenyl protons), 7 .50 -8 .80  (8 , methylene from 8 revealed also isocamphane peaks in a low yield (ca. 3% ). 
and methine protons), 8.91 and 9.02 [6 , s, C(CH3)2], and 9.17 Reaction of 1 with a Mixture of Sulfuric Acid and Acetic Acid. 
(3, d, /  = 8.0 Hz, CHCHs). vi.— 1 (1.0 g, 0.008 mol) was stirred into an ice-cooled mixture

A nal. Calcd for C17H21NO4: C, 67.31; H, 6.98; N, 4.62. of sulfuric acid (2.5 g) and acetic acid (4 ml), and the mixture
Found: C, 67.29; H, 7.01 ; N , 4 .63 . was stirred for 20 hr at room temperature. Work-up as above

Formation of 2 from 7. A mixture of 7 (0.15 g) and benzoni- afforded 0.45 g of paraffin-like oil, 0.16 g (13% ) of the acetate
trile (0.20 g) was treated with sulfuric acid (2.0 g) for 1 day at 8 , and 0.38 g (34% ) of the alcohol 7 in addition to a trace amount
room temperature. Work-up gave 0.14 g of crude product which of 6 . 
exhibited a peak having the same retention time (7.5 min) with
that of the main peak of 2 (the minor peak, 6.5 min) on vpc (sili- R egistry  N o.— 1, 1 6626 -39 -4 ' 2 (exo) 2 4 4 5 4 -0 4 -4 '

7.—A of 7 (0.1» g) ,„ d  acetoni- V * '  ^
trile (1.0 g) was treated with sulfuric acid (1.5 g) similarly. Vpc 0 3 -3 , 7 ,2 4 4 5 4 -0 5 -5 , 7  acetate , 2445 4 -0 7 -7 ; 9 ,2 4 4 5 4 -
analysis (200°) of the products showed a peak having the same 0 8 -8 ; 10, 2445 4 -0 6 -6 ; 8 (endo), 2 4 4 5 4 -3 5 -1 ; 2 (endo),
retention time with 9 (4.7 min). 24454-36-2 .

Conversion of 7 to exo-Isocamphane.— Treatment of 7 (0.15
g) with p-toluenesulfonyl chloride (0.20 g) in pyridine (2 ml) (24) The isomer ra tio  was estimated fro m  the re la tive peak area on vpc
gave 7-tosylate (0.15 g )  as an oil: ir (neat) 2960, 1603, 1365, and nm r signal a t r  9.51; cf. r e f l l .

Steroid R earrangem ents. Reactions of a 16,17a-Epoxypregnan-20-one 
with Hydrogen Fluoride and Therm al Dehydrofluorinations

D a le  R . H off

M erck Sharp & Dohme Research Laboratories, Rahway, New Jer sey  07065 

Received November 18, 1969

Treatment of 16,17a-epoxypregnan-3a-ol-ll,20-dione acetate (1) with anhydrous hydrogen fluoride afforded 
a mixture from which three fluorine-containing steroids and three rearranged olefins were separated and their 
structures established. Two of the products were the unrearranged 16/3-fluoro- and 17a-fluoropregnanes 11 
and 12, respectively. The remaining four products had formed as a result of migration of the 18-methyl to 
C-17, and were identified as the three isomeric C-ring olefins 2, 3, and 6, and the 14-fluoro steroid 8 . Stereo­
specific thermal elimination of hydrogen fluoride from the tertiary fluoro steroids was employed to interrelate 
certain of the reaction products and as an aid to elucidation of their stereochemistry.

The reaction  of steroid epoxides with hydrogen opening of both oxirane rings in a 9 , l i d :  16 ,17a-b is-
fluoride is a  frequently used m ethod for introduction epoxy steroid with H F , but the properties of the 16-
of fluorine into various selected ring positions. U tility  fluoro steroid were not described.
of this reaction  for synthesis of 16-fluoro steroids, how- T he original objective of this investigation, i.e., 
ever, has been ham pered by the w ell-docum ented1'2 synthesis of 16-fluorinated cortical steroids,6 was broad-
tendency for 16,17a-ep oxy-20-k eto  steroids to undergo ened as the com plexity of the H F -cata ly zed  reactions
W agner-M eerw ein rearrangem ents involving shift of of 1 becam e apparent. S tructures of the several reac-
the angular m ethyl group from  C -13  to  C -17. Shapiro tion products were determ ined in order to provide a
and cow orkers,3 for exam ple, found th a t 1 6 ,1 7 a - more detailed understanding of the multiple transfor-
epoxyprogesterone was transform ed into a rearranged m ations involved.
A 13 stero id  u p on  tre a tm e n t  w ith  h y d rog en  fluoride in
chloroform  containing ethanol. R esults

IBeyier an d  H offm an * re p o rte d  la ck  of success in  W h e n  l  ^  aUow ed to  re a c t  m a l : 1  H F - T H F  m ix-  
p rep arm g  16-flu orop reg n an es by th e  a c tio n  of h y d rog en  ^  fo r g hr a t room  te m p e ra tu re , a b o u t 7 0 %  of th e

11 °'1'! 6 on . e eP°?U s ero1 UIJ er , a  V arie ?  ?  ep oxid e w as con su m ed , giving rise to  a  com p lex m ixtu re
con ditions A n e a rly  p a te n t  re p o rt6 claim s syn th esis  of du cts. E xam ination  0 f th e  m ix tu re  u sing tic
of a  9 ,16-d iflu oro  stero id  b y  m ean s of sim u ltan eou s rev ealed  g k  well_defined spotS; an d  co m b in atio n s of

(1) N . L. W endler in  “ M olecu lar Rearrangem ents,”  Vol. I I ,  P. D eM ayo,
Ed., Interscience Publishers, New  Y o rk , N . Y ., 1964, C hapter 16. (6) F luo ro h ydrin  E  (11) served as an in term ediate  fo r synthesis o f 160-

(2) W . F. Johns, 'J .  O rg . C h e m ., 26, 4583 (1961), and references cited fluoroprednisone, mp 243-246°, [<*J2sd + 1 0 8 ° (CHCls), using standard
therein. procedures (D . R. H off, J. K . Bennett, and G. E . A rth , unp u b lish e d ).

(3) E. L . Shapiro, M . Steinberg, D . Gould, M . J. Gentles, H . L. Herzog, E n tire ly  d iffe ren t syntheses of the closely related 160-fluorohydrocortisone
M . G ilm ore, W . Charney, E . B. Hershberg, and L. M andel, J .  A m e r.  C hem . acetate and 160-fiuoroprednisolone acetate were subsequently disclosed by
Soc., 81, 6483 (1959). other workers.7

(4) R. E. Beyler and F. H offm an, J .  O rg . C h e m ., 21, 572 (1956). (7) (a) D . E. Ayer and M . P. Schneider, J . A m e r.  C hem . S oc., 82, 1249
(5) C. G. Bergstrom , U . S. P a tent 2,703,799 (M arch  8, 1955); C h em . (1960); (b) Fred Kagan, B. J. M agerlein, and R . D . B irkenm eyer, J . O rg .

A b s tr . ,  50, 1935 (1956). C hem ., 28, 3477 (1963).

Steroid R earrangements ,/. Org. Chem., Vol. 35, No. 7, 1970 2263



p reparative chrom atography and fractional crystalliza- P lacem ent of the double bond in olefin A  (2) a t  the  
tion allowed resolution of the m ixture into six com - 12 position was dictated  by the ultraviolet (\max°H
ponents plus unchanged startin g  m aterial. 239, m^, e 11 ,000) and infrared sp ectra and b y  the

E a ch  of three of the reaction  products was the result C -12 vinyl proton resonance a t  r 4.21 appearing as a
of isom erization of the starting epoxy ketone, a  process doublet (allylic coupling with the C -14  proton, J  =
which generated an acetylatab le hydroxy group and a 2 .4  H z) in the nmr spectrum . T h e downfield position  
double bond. In  addition to the olefins, three fluorine- 0f the 10-m ethyl resonance (t 8 .6 3 ) and the interm ediate  
containing products, representing addition of hydrogen position of the 17-m ethyl signal (r  8 .97 ) relative to  th a t  
fluoride to  the oxirane with or w ithout subsequent 0 f olefins B  and C (Table I) are consistent w ith  the
rearrangem ents, were obtained. effects to be expected from  polarization of the 11-keto-

F o r convenience in discussion, the reaction  products A12 system , 
will be designated olefins A, B , C and fluorohydrins Olefins B  (3) and C (6) are tetrasu b stitu ted , as de- 
D , E , and F , respectively. T he assigned stru ctu res duced from  lack of vinyl proton resonances in the nm r
for these substances are shown in C h art I . Selected spectra and from  strong end absorption in the u ltra-
nm r d ata  are presented in Table I. violet. Differentiation between the altern ative A13

and A8(l4) bond position follows from the position of 
CllmT j the nmr signal due to the shifted 17-methyl group.

T he 17-m ethyl in olefin B  is strongly deshielded ( t 
I _ 3 8 .7 7 ), requiring placem ent of the double bond a t  the

12 position. T h a t olefin C has the A8(14) stru ctu re  is 
I 1 supported by the higher position of its 17-m ethyl reso-

nance a t  r  9 .10 .
Olefin B  16-acetate (4 ), exhibits a strong positive 

H Cotton effect in the ORD (a =  + 1 8 7 )  which is a
l composite of the strong dispersion curve expected from

PI the 2 0 -carbonyl and the weaker curve attributed to
CR) C0CH j CH3 coch Ihc 11-carbonyl. The ORD curve shown by olefin C

R1 * 16-acetate is, on the other hand, characterized by a
] if3 r -R  T  ___ _p'R strong negative C otton  effect (a =  — 167). Although

distinction betw een the A3(14) and A13 olefins rests on
2 a12- R = OAc- R‘ = H F the chem ical shift of the rearranged 17-m ethyl protons,

(olefin A) these ORD curves provided useful supportive informa-
3 Aii; r = oH; r ! = h 8 R = OH- R' = H tion for correlating structures with unsatu ration  in

(olefin B) (fluorohydrin D) these positions. In  each of the four isomers 3 through
4  Ai i. r = oac; R' = H -«  9  R = OAc- R‘ = H those with the double bond a t 13 exhibited the char-
5  Au. r = h- ri = OAc -<__ jo r  = h- R1 = OAc acteristic strong positive curve, whereas the A8(14)
6 AS1V. R = o Ac. Ri =  p[ A ’ ’ olefins were characterized by similar strong negative

(olefin C) curves. Furthermore, the shape and magnitude of the
7  A*n.. r = h - R‘ = OAc curves were substantially identical whether the ace-

toxy group a t C-16 was a  or /3. These observations 
0 H3 can be satisfyingly rationalized by inspections of models,
f jjj In  contrast to 17/3-acetyl steroids, in which the dis-
C==X ¡CH3 0 O0 ]_| persion curves are influenced by orientation of sub-

° \ / \ L +  -OR 0 \ ^ \ | 3 < Y o 3 stituents at C-16, the ORD curves and hence the 17a- 
1  f  I f  T  | T acetyl side-chain disposition in the rearranged steroids

/ y  depend on the geom etry of the C -D  ring junction but
' I I not a t  all on the nature of substitution a t  C -16.

, . 12’ 15 Fluorohydrin E w a s readily recognized as the norm ally
uoro y rm r - ' a '1 Cr° ’ expected 16/3-fluoro-17a-ol (11) by its easy reconversion

’ _  c’ -  CsHsN to the startin g  epoxide 1 by m eans of mild alkaline
14’ ~ ’ X - N  8 treatm en t. Protons a t  C -21 are coupled with the

fluorine ( J  =  4 cps), but the C -18 hydrogens appear
T he stru ctu ral assignm ents for the olefinic products as a singlet in the 60-M H z spectrum , 

rest on their elem ental com position and spectral prop- L ocation  of the fluorine in fluorohydrin F  (12) a t  
erties. M igration of the angular m ethyl group from  the 17 position was established by these observations.
C -13 to C -17 was assumed by analogy with the earlier T he C -21 protons are split into a doublet ( J  =  6 cps).
rep o rts ,1’2 and this assum ption was supported in all A cetylation  gave the 3 ,16-d iacetate  (13) in which the
three cases by shifts of the pertinent m ethyl signal C -16 hydrogen was revealed as a pair of triplets cen-
downfield in the nmr spectrum . Finally, satisfactory  tered a t  r 4.59 . The vicinal H - F  coupling con stan t
assignm ent of the double bond positions required a was 16.2 Hz. T he angular m ethyl resonances in 12
m ethyl m igration, since the signal due to the C -16 pro- appeared a t  the expected positions (r  8 .8 6  and 9 .33 ,
ton  was observed in the 16-acetate  of each compound, respectively) for an unrearranged steroid, and the
and vinyl protons were present only in olefin A, in C -18 protons were not coupled to the fluorine. Thus
which the double bond is conjugated with the 11-car- the gross stru ctu re was revealed as a 16-hyd roxy-17-
bonyl group. fluoro steroid. T he O R D  curve of fluorohydrin F
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T a b l e  I
N m r  A s s i g n m e n t s '*

'-------------------- — ----- M e th y l resonances6— -------- ------------------------- ,
Compound C-21 C-19 C-18 17-CHs 16-H O ther

2 7 .8 2  8 .6 3  8 .9 7  4 .81  C-12 proton: r 4 .2 1 ; /  =  2 .4  Hz
3 7 .7 7  8 .7 7  8 .7 7
4 7 .8 2  8 .7 7  8 .7 5  4 .7 8
5 7 .7 7  8 .8 8  8 .7 8  4 .4 9
6 7 .8 8  8 .8 8  9 .1 0  4 .73
7 7 .9 3  8 .8 3  9 .0 0  4 .3 3
8 7 .7 6  8 .9 2  9 .0 3
9 7 .8 6  8 .8 2  9 .0 3  4 .7 8  C-13 proton: t 6 . 86«

10 7 .8 0  8 .8 9  9 .0 3  4 .4 5
11 7 .6 3 d 8 .8 3  9 .0 0  5.00« 17a-OH doublet: r  5.72: /  =  1 .8  Hz
12 7 .7 7 / 8 .8 6  9 .33
13 7 .8 3 / 8 .8 4  9 .3 2  4.59»
14 8 .1 9  8 .8 6  9 .3 8
13 7 .6 8  8 .8 7  8 .6 9  C-15 proton: r 4 .0 6 6
16 8 .1 6  8 .8 2  9 .22
17 8 .1 6  8 .8 2  9 .0 3  4 .0 3 i
18 8 .2 2  8 .8 2  8 .72  4 .7 6 /
2°  8 .2 2  8 .8 8  8 .8 8  4 .65
21 8 .2 2  8 .8 7  8 .8 7
22 8 .1 6  8 .8 8  9 .1 5  6 .1 8
23 8 .0 0  8 .8 8  9 .21  6 .2 0
24 8 .1 7  8 .8 9  8 .7 8  4 .6 3
26 7 .7 6  8 .8 5  8 .9 0  4 .23

° Determined in CDC13, using TMS as the internal standard, with Varian Associates A-60D spectrometer. The observations in 
footnotes c, t, and j  were taken from spectra obtained with the Varian HA-100 instrument, 6 Singlets, except where noted. « Octet, 
/ fh -  3o Hz; J nn = 14, 6 Hz. « Doublet, J  =  4 Hz. « Pair of multiples, J fh = 48 Hz. /  Doublet, J  = 6 Hz. » Pair of triplets, 
J fh = 16.2 Hz. 6 Quartet, J  =  2.1, 0.9 Hz. < Octet, J fh =  22 Hz. / Octet, J FB =  24 Hz.

reveals a strong positive C otton  effect (a — -|-154), spectively. D eterm ination of the nm r spectrum  of
suggesting a 17a-fluoro-17/3-acetyl configuration. F u r- 18 a t 100 M H z allowed resolution of the C -18  m ethyl
therm ore, the O R D  curve m easured in m ethanol was proton signal into a doublet ( J  =  1.3 H z). R eoxida-
identical with th a t in dioxane. Danielewicz and K lyne8 tion of the 11-hydroxy in 18 gave the 11 ketone 19,
showed, in related models, th at 16/3 substitution dim in- which readily afforded the 16,17/3-oxide 22 upon alkaline
ishes the amplitude of the positive C otton  effect arising treatm en t followed by reacetylation . W hen the cis-
from  the 20-carbonyl in 17/3-aeetyl steroids, w hereas fluorohydrin aceta te  17 was subjected to  identical
16a: substitution has little effect. M ore significantly, conditions, unchanged startin g  m aterial was recovered
16/3-hydroxy-5o:-pregnan-20-one showed a positive C ot- in good yield after reacetylation . T he 16,17/3-epoxy
ton effect in hexane, but a plain curve in m ethanol. steroid 22 was independently prepared from  the brom o-
This finding was explained as owing to hydrogen bond- hydrin aceta te  26, using similar ring-closure conditions,
ing with the solvent, resulting in loss of the preferred subsequent acetylation , and 20-m ethoxim e form ation,
conform ation which gives rise to the anom alous dis- T he presence of the fluorine atom  in fluorohydrin D  
persion curve in the aprotic solvent. Applying this had no obvious effect on the features of the 60-M H z
analogy to fluorohydrin F  requires placem ent of the pm r spectrum ; i.e., neither the angular m ethyl hydro-
16-hydroxy group in the a position. Thus the com plete gens nor the protons a t  C -16 and C -21 were coupled to
stru ctu re of fluorohydrin F  is established as 1 7 a-fluoro- the fluorine. T he I9F  m r spectrum  (94.1  M H z) was
pregnane-3a:-l6 a:-diol-ll,20-dione 3 -ace ta te  (12). As- sym m etrical and centered a t  —20 .26  ppm  relative to
signm ent of the cfs-fluorohydrin stru ctu re is supported internal CeF6.9 T he 16-line p a tte rn  (five lines super-
by the high stability  of this substance to prolonged imposed) yielded to a first-order analysis, fitting appar-
treatm en t with alkali. I t  was unaffected (except for ent F -H  coupling con stan ts of 35, 29 , 29 , and 23 Hz.
ester hydrolysis) by 18 hr of standing in a solution of One proton, located vicinal to  the fluorine, m oreover, was
4 0 %  potassium  hydroxide in 1 :1  aqueous m ethanol. visible in the 100-M H z pm r spectrum  of the 16 -aceta te

The assigned stru ctu re for fluorohydrin F  was con- 9. I t  appeared as eight lines centered a t  r  6 .86 , with
firmed unam biguously by m eans of the transform ations coupling constants of 35, 14, and 6 H z. These obser-
outlined in C h art I I . I ts  20-m ethoxim e 14 was pre- vations are interpreted as requiring the presence of
pared and oxidized to  the 16 ketone 16. Sodium boro- the ( -C H )2C F C H 2-  grouping, since the observed F -H
hydride reduction followed by acetylation  then afforded splittings are in the norm al range for vicinal F -H  cou-
the pair of isomeric 16 acetoxy  steroids 17 and 18. pling constants. This requirem ent excludes C -13  but
Independent preparation of the 16a:-acetoxy isomer 17 ideally fits C -14 for the location a t  the fluorine atom ,
b y sodium borohydride reduction of 14 allowed dif- T he eight-line m ethine signal a t  r  6 .86  is then  assigned
ferentiation of the two isomers. T he 16/3-acetoxy iso- to the C -13 proton which is coupled to  the 14-fluorine
m er 18 was characterized by a low-field position of the (35 H z) and to the two C -12 protons (14 and 6 H z).
C -18 m ethyl protons a t  t 8 .72 . T he 16,17 F -H  cou- T he alternative C -15  location for this p roton  is excluded
pling constants for 17 and 18 were 22 and 24  H z, re-

(9) The a u th or is indebted to  D r. W . L . Budde, M idw estern  Research 
(8) J. C. Danielewicz and W . K lyn e , J .  C h em . S oc ., 1306 (1965). In s titu te , Kansas C ity , M o., fo r measurement of th is  spectrum.
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CH3
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2.Ac20-CsHsN T

AcO 26

25

since the observed splittings did not coincide with the in the presence of aqueous sodium b icarbonate gave  
known H -15 ,H -16  coupling constants. rise to  a 6 0 :4 0  m ixture of two substances, separable by

T he provisional form ulation of fluorohydrin D  as a chrom atography after reacetylation . T he lesser com -
14-flu o ro -17-m eth y l-18-n o r-17-iso p reg n an e-3 ,16-d io l- ponent was identified as recovered startin g  m aterial.
11,20-dione (8) is further supported by the position T he other was a product isomeric w ith 9. T he new
( r  9 .03 ) of the 17-m ethyl resonance and the appearance isomer was identified as the 16/3-aeetoxy epimer 10
of the OIvD curve of its 16-acetate , which exhibits a  from  these d a ta : In  the nm r spectra of 9 and 10, only
strong negative C otton  effect (a  =  — 166). These tw o the resonances of the protons a t  C -16 differ appreciably
features are com parable to the corresponding observa- between the two isomers. This signal shifted down­
turns with olefin C, in which the corresponding C -m ethyl field from  r  4 .78  in 9 to r  4 .45  in 10. T h e O R D  curves
peak appears a t  r  9 .10 , and the O R D  has the sam e sign of 9  and 10 show C otton  effects with essentially the
and amplitude ( — 169) of the C otton  effect. sam e sign, shape, and amplitude ( — 166 and — 174,

Confirm ation of the proposed fluorohydrin D form ula- respectively), and, in fact, the two curves are distin-
tion was obtained in the following w ays. guishable only in th a t 10 is shifted to m ore positive

(1) O xidation with chrom ic anhydride in pyridine10 rotations a t  all wavelengths. T he sam e product m ix-
resulted in spontaneous loss of hydrogen fluoride, yield- ture was obtained by solvolysis of 10 dem onstrating  
ing the A14-16-one 15: 1695, 1613 cm - 1 ; establishm ent of an equilibrium betw een 9  and 10.
>W x°H 237 mu (e 13 ,000 ). T he C -15  proton This observation is of consequence for fixing the stereo­
resonance in 15 appeared as a q u artet ( r  4 .06 ) with chem ical assignm ents a t  C -13 and C -14  in fluorohydrin
splittings of 2.1 and 0 .9  H z, respectively, due to  allylic D , a  subject which is conveniently deferred to  the dis-
coupling with the protons a t  C -8 and C -13. B y  w ay cussion section.
of con trast, fluorohydrin D itself experienced no loss Although a com plete qu an titative separation of the  
of fluorine even under conditions of drastic alkaline products obtained by the actions of H F  on 1 was n ot
treatm en t. attem p ted , the m ajor products were clearly the uncon-

(2) Fluorohydrin D  is unstable a t  its m elting point, jugated  olefins 3 and 6 and the fluorinated steroids
spontaneously eliminating hydrogen fluoride. W hen a 8 and 12, each obtained in a t  least 5 -1 0 %  yield. T h e
sam ple of its 16 -aceta te  (9) was subjected to  a tern- best yield of the norm ally expected produ ct 11 was
perature of 211° for 2 min in  v acu o , an elim ination of 1-8% . T he conjugated olefin 2 was form ed in negligi-
hydrogen fluoride was com plete, and an excellent yield ble (ca. 0 .1 % ) quantity , and its presence could n ot
(8 1 % ) of olefin B  16-acetate  (4 ), was obtained. be detected even by m easurem ent of the u ltraviolet

(3) Solvolysis of fluorohydrin D  16 -aceta te  (9 ), absorption spectrum  of the crude reaction  m ixture.
Synthesis of the brom ohydrin a ce ta te  26  by addition

(10) G. I .  Pooa, G. E . A rth , R . E . Beyler, and L. H . (Jarett, 7 . J * ,  C h em . ° f  ^ O B r  t 0  2 5  fo ]1 ° W e d  b y  a c e t y l a t i o n  W a s  C o m p l i c a t e d
S oc., 7 5 , 4 2 2  (1 9 5 3 ). b y  f o r m a t i o n  o f  a b r o m i n e - f r e e  b y - p r o d u c t .  T he
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elemental analysis, a  negative C otton  effect in the O R D  in the range of r  9 .0 0 -9 .0 4 .12-16 In  keeping with the  
(o =  — 153), and the appearance in the nmr spectrum  findings of the present study, th e  rearrangem ent prod-
of a C -m ethyl resonance a t  r  9 .0 0  and a proton signal a t  u cts with the higher field position of the 17-m ethyl
r  4 .33  (16 H ) allow assignm ent of the A8(14) stru ctu re m ight reasonably be reform ulated as A8(14) olefins.
7 to this product. I t  is clear from  a review of these m any rearrange­

m ents th a t the final location of the unsaturation  is 
D iscussion determ ined by the reaction conditions. W hen the re-

R earran gem ents Induced by H ydrogen F lu o r id e .-  f o m e n t  was brought about by prolonged acid
t> • f  .i • ;  , , c  ,  , ,  , ,  treatm en t, p articularly  m  protic solvents, the A8(14)
Prom inence of the nonconjugated olefins 3 and 6 and of , , c , T c ,, ,  , ,  r, , - j o - . ,  ,. . , , , product was formed. In  the few cases where the A13
the 14-fluoro steroid 8 in the reaction m ixture, coupled , , u i . - i i . j i u  .• , . . .c ■ .  i , n  ̂ p roduct could be isolated, the reaction  conditions are  
with the very  minor am ount of coniugated olefin 2 i , , , u u -u  , , • ,

u ' , , „  , ,  found to have been m uch milder and briefer,
observed, elevates the sigm hcance of the center a t C -14  • a , , • , , ,  , ,. ,., , j  , lh e  m-nuorohydrin 12 may be rationalized as a
in the rearrangement under discussion. The apparent second product arisi from a reverse epoxide
stereochem ical hom ogeneity m  the series of observed cl affording the 17/3. fluoro steroid 30  fo]lowed
products favors a fully concerted mechanism  involving by inversion of the configuration a t  C -17 via a  retro-
m igra ion o e a  y  rogen o - . aldol-realdolization sequence. An im m ediate precedent

for this possibility is provided b y the cleavage of 16,- 
17d-epoxy-17-iso-5-pregnen-3/3-ol-20-one a ce ta te  with  

O ' V - C0CH; hydrazoic acid, affording a  m ixture of cis and trans
V Y y - ’OH __  ̂ 3 +  6 azidohydrins.17 D irect cfs-epoxide opening in rigid
/ k J ------ ‘ rings has been observed,18 but the explanation invoked

T in th a t instance is not directly  applicable here, since
27 alternatives to fluorine a tta ck  a t  C -17  clearly exist.
| T he extraordinarily  facile interconversion of the

pj epimers 9 and 10 m ust likewise be a ttrib u ted  to D -
H3C |rAv3 !CH3 coch ring opening and reclosure.

¡̂j  ! T h erm al D ehydrofluorination R eactio n s.— The
i y J  — ► j "  OH sm ooth therm al elimination of hydrogen fluoride from

fluorohydrin D  16-acetate  (9), affording 4, was paral- 
F leled by an equally facile conversion of the 16 epimer

H -F  ^  8 10 to a new tetrasu b stitu ted  olefin. T he position of
28 the 17-m ethyl proton resonance a t r  8 .78  and the

negative C otton  effect in the O R D  (a =  — 182) readily  
A lternative m ultistep processes entailing, for exam - established the identity of the new product as the  

pie, double-bond m igration from  A13 to A8(14) or in ter- 16/3-epimer (5) of olefin B  16-acetate ,
m ediate form ation of a  transient C -13 cation, m ust be Although alkyl fluorides, p articularly  tertiary  fluo- 
considered, though the further possibility of H F  addi- rides, are known to be therm ally unstable, the m ed ia­
tion to a tetrasu b stitu ted  olefin is not likely. Evidence, nism and stereochem ical significance of the therm al H F
to be developed later, for the 14/1 orientation of the elimination appears to have been little investigated,
entering fluorine atom  provides support for the pro- Decom position of the 14-fluoro steroids 9 and 10 was 
posed mechanism. v irtu ally  instantaneous a t  around 2 0 5 ° . A t lower

Num erous exam ples of steroid rearrangem ents with tem peratures the dehydrofluorination was equally fast,
C -13 —► C -17 m ethyl m igration have been rep orted ,1’10 but an induction period of up to several minutes was
and the olefinic products were usually assumed to have required. P lots of induction tim e vs. tem perature of a
the unsaturation a t  A13 position. Survey of the recent v ariety  of tertiary  fluorides are sm ooth curves char-
examples for which nm r d ata  are supplied showed 13 acteristic of the particular compound and provide esti-
different products assigned the C /D  p art stru ctu re  m ates of the relative ease with which any given fluoride

can undergo this elimination. As an exam ple, 9 a - 
CH3 fluorohydrocortisone aceta te  requires a tem perature
q= q of 282° to prom ote H F  elimination within 30  sec. P re-

H3C. ,R i p parative therm al dehydrohalogenations with this steroid
_ > C -O H  were unpromising owing to the higher tem peratures re-

J ____ I 1 ____ J  quired. Presence of im purities often hastens onset of
the reaction.

29 30 R ath er unexpectedly, the 17a-fluoropregnane 18
also eliminated hydrogen fluoride with ease a t m oderate

R=H, CH3, or CH(CH3)OCOCH3
(12) L . H . Knox, E . Velarde, S. Berger, D . C uadrie llo, and A. D . Cross,

29. Two of th ese,11 both having R  =  C H 3, had 17- J -° rg- c, he™"™' (i 964?' , „  T p. . ,  . „  , r . B , qs
’ b  . (13) A . D . Cross, H . Carpio, and H. J. R ingold, J .  M e d . C h e m ., 6, 198

m ethyl signals a t  r  8 .48  and 8 .52  (CD C13, 60 M H z). ( 1 9 6 3 ) .
The remaining 11 exam ples had 17-m ethyl resonances g p  e . ca sp i and d . m . P ia tak, C a n . j . c h e m .,  a ,  2 2 9 4  (1963).

(15) R . K ird a n i, R. I .  D orfm an, and W . R. Nes, S te ro id s , 1, 219 (1963).
(11) A. J. Manson, F. W . Stonner, H . C. Neum ann, R . G. C hristiansen, (16) V . T o rto re lla  and A . Romeo, Gazz. C h im . I t a l . ,  92, 1118 (1962).

R. L. C larke, J. H . Ackerm an, D . F. Page, J. W . Dean, D . K . P hillips, G. O. (17) K . Ponsold, B. Schonecker, and I. P faff, C h em . B e r .,  100, 2957
Potts, A. A rnold , A . L . Beyler, and R . O. C lin to n , J .  M e d . C h e m ., 6, 1 (1967).
(1963). (18) N . G. Bisset, T e tra h e d ro n  L e tt. , 27, 3107 (1968).
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tem peratures. In  a preparative run, a 6 0 %  yield of a w ith this conclusion. Inspection of Dreiding models
single fluorine-free product 2 0  was obtained. N on- of all four possible configurations about the 1 3 -1 4
crystalline 2 0  was characterized by m eans of its mass bond reveals th a t only in the 13 a -H , 14/3-F arrangem ent
spectrum  (parent peak a t m/e 462) and nm r spectrum  (29 and 30) are the 1 6 a  and 16/3 substituents projected
[r 4 .65 , (16 H ), 8 .8 8 , (angular m ethyls)] which in conform ations of approxim ately equal energy. T he
allowed its form ulation as a rearranged A13 steroid. C-ring is in the b oat form  w ith the 9 a  and 1 3 a  hydro-
M ild hydrolysis of 20  afforded the crystalline triol 2 1  gens in the flagpole positions. Furth erm ore, the 1 7 a
which was fully characterized by its mass and nm r bond has a pronounced pseudoequatorial ch aracter,
sp ectra  and its elem ental composition. an observation consonant with the finding th a t  the

T h e corresponding 11 ketone 19 similarly evolved m ore bulky acetyl group rem ains a t  the preferred 1 7 a
hydrogen fluoride, yielding 24  in 9 0 %  yield. T he position in both com ponents, 31 and 32 , of the equilib-
m ass and nm r sp ectra  were again in full accord with rium  m ixture.
the stru ctu re shown. The rearranged product 24  was p p
identical with the 2 0 -m ethoxim e of the independently \
ob tain ed  A13 stero id  5, as show n b y  com p arison  of th e  7 A CH3 /  "\ CH3
ir, n m r, a n d  high resolu tion  m ass s p e c tra  of th e  tw o  J / \  M  / ,COCH3 J /  M  / ,COCH3
sam p les. T h is  com p arison  confirm ed s tru ctu re s  p re - \ ]  £ , h  %  \i) [ , OH
viously  assigned to  10  an d  5. H •* 7" H 'w .

T he therm al dehydrofluorination reaction  is m ost H 0H
likely an  acid-catalyzed (by H F ) trans elim ination. 31 32
O bservation of an induction period is suggestive, and \A c!o- csh,n ^ / acO-qh.n
the reaction  is enormously faster th an  uncatalyzed 1 0

gas-phase eliminations of other hydrohalides. V apor-
phase elim ination of HC1, H B r, or H I is presently con- T he m ajor alternative form ulation to  be considered, 
sidered to be a tw o-step process initiated by heterolysis with 1 4 a -F  and 13 a -H  is clearly ruled out. W h eth er
of the C - X  bond , 19 ra th er than  the concerted cis elim- the C ring assumes a boat (or worse) chair conform a-
ination which had previously been postulated . 20 In  tion, the 16/8 position is overwhelmingly less favorable
the case of H F  eliminations, two separate m echanism s for substitution. Sim ilar analysis of the rem aining
are probably operating. T he initial uncatalyzed elim- 13/3-H, 14/3-F, and 1 4 a -F  possibilities rule them  out as
ination would be too slow to observe directly, but a serious com petitors, w ith the slight reservation th a t the
buildup of product H F  could prom ote the fast acid- flexibility allowed the D ring in some isomers leaves a
catalyzed reaction. residue of u n certainty  as to the actu al conform ation of

T he postulate of a trans elimination accounting for the D ring, 
a t least the m ajority  of the product is buttressed by Consideration of the apparent vicinal F - H  coupling 
observation of eliminations with m ethyl m igration in constants in 9  provides further corroboration for the
18 and 19. The m igrating m ethyl is trans to the de- assumed stereochem istry. T he intuitive supposition
parting fluoride and the cfs-16 proton is undisturbed. th a t the dihedral angle dependence for F - H  vicinal

Stereochemistry.— Use of the therm al dehydro- couplings should be qualitatively similar to  the parallel
fluorination reaction  served to  interrelate the olefin B  H -H  coupling (K arplus) relationship was supported to
and fluorohydrin D  series, and the fluorohydrins D and a degree by d a ta  collected by W illiam son, H su, H all,
F  series were independently converted to  the com m on Swager, and C ou lter . 21 These workers estim ated  m axi­
product 24. As a result of these m anipulations, con- m um  F -H  coupling constants of 31 COg2</> for angles
figurations a t C -16 and C -17 were defined for all (</>) betw een 0  and 90° and 44  COg2<t> for angles betw een
three series. A ny prior u n certainty  on this point 90  and 180°.
arises from  the dem onstrated opportunity for 16-hy- These estim ated values fit the observed coupling con- 
droxy-20-ketopregnanes to undergo ring-opening reac- stan ts in 9  quite well. T he required assum ption of a
tions which m ay lead to inversion a t  C -16 or C -17. b oat configuration for the C ring in the 13a-H ,14/3-F
Since no such inversion was encountered under the stru ctu re confers a degree of rigidity which m ay allow
conditions of the H F  reactions, it seems safe to assume a  fairly accu rate  estim ate of the associated dihedral
the regular C -16 and C -17 assignm ents m ade for the angles from  the Dreiding model. T he m easured angles,
olefins A and C series. along with the calculated and observed coupling con-

Configuration a t  the C -D  ring junction in 8 , 9 , and stan ts for this structure are listed in Table II .
10 was initially assigned as shown (13a-H ,14/3-F ) from
consideration of the probable m echanism  by which these T a b l e  I I

compounds m ight have been formed. Several inde- ,---------D ih e d ra l ang le--------- -
pendent lines of evidence converge in support of the Between ' , F_H- Ha "V
proposed formulation. 1 6 5  42 35

If the therm al H F  elimination (9 -*■ 4  and 10 — 5) g“_H 1 5 0  3 3  2 9

is indeed trans, and if the hydrogen a t  C -13 arrives 15o.-H 155 32 29
initially via a  stereospecific C -14 -*■ C -13 m igration, 15/3-IT 25 26 23
the postulated 13a-H ,14/3-F  configuration m ust be „ individual assignments are of course arbitrary except for 
correct. T he observed equilibrium between 9  and 10 that of the l3<*-H-14/3-F coupling constant which was observed
in the presence of mild aqueous base is fully in accord in the proton spectrum.

(19) A. M a c c o ll,  A d v a n . P h y s .  O rg . C hem ., 91 (1965). (21) K .  L . W illia m s o n , Y -F .  L .  H su , F . H .  H a ll,  S. Sw ager, a n d  M .  S.
(20) D .  H .  H . B a rto n , J. Chem. Soc., 2174 (1949). C o u lte r, J. Amer. Chem. Soc., 90, 6717 (1968).
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Although analogous analyses are possible for the intervening bond angle distortions m ay suffice to pre­
remaining isomeric possibilities, conclusions are neces- v en t coupling.
sarilv hazardous because of the greater flexibility in Turning now to the fluorohydrin D series (8  through  
these models and related u n certainty  surrounding the 10), it  will be noted th a t  accep tan ce of a /3 orientation  
actual D -ring conform ation. Nonetheless, the 13u -H ,- for fluorine a t  C -14  requires consideration of the con-
1 4 a -F  possibility again seems clearly ruled out. R e- verging vector rule in this instance as well. The ob-
gardless of the conform ation (C -ring b oat or chair, or servation was made th a t the C -l  7 angular m ethyl group
tw ist form ), models show th a t one of the protons a t  m ust possess a pseudoaxial configuration. T he rule
C -15 m ust assume a dihedral angle with the C - F  bond predicts the possibility th a t the angular m ethyl protons
close to 9 0 ° , thus observation of a t  least one sm aller m ay couple with the fluorine, w hereas no coupling was
coupling con stan t would be expected in this isomer. observed. E x ce p t for the reservations brought forth

Long-R ange F  H  Coupling. —H aving in hand three in the foregoing discussions, lack of coupling here might
new classes of D -ring fluorinated steroids, discussion be taken as evidence a g a in s t  the 14/3-F orientation,
of geom etrical effects on long-range F - H  coupling is Because of the lack of 18-H -16 /3 -F  coupling in fluorohy-
appropriate. drin E ,  however, the force of this con trary  evidence is

Since F -H  coupling con stan ts m ay be quite large, great diminished, 
long-range splitting is frequently visible in fluorinated Finally, atten tion  is called to  the 17a-fluoropregnanes 
hydrocarbons, and m uch discussion in the literature 12 to 14 and 16 to 19. T he converging v ector rule
surrounds the questions of the m echanism  and the does n ot apply (18-m ethyl and 21-m ethyl hydrogens
spatial requirem ents for such long-range coupling. separated from  the fluorine by 4 <r bonds). A  small
Cross and Landis22-25 surveyed a group of fluoro ster- 1 8 -H -1 7 a -F  coupling was observed in one case (18,
oids and form ulated the “ converging v ector rule” de- J ^ h — 1-3 H z). M ore interestingly, 2 1 -H -F  coupling
fining geom etric conditions which m ust be m et if cou- to the extent of 6 Hz was seen in the ketones 12 and
pling between the fluorine and one of the angular m ethyl 13 but not with the m ethoxim e derivatives 14 and 16 to
groups is to occur through five or m ore intervening a 19. E ith er the methoxim ino grouping does not alow
bonds. T he rule states th a t vectors draw n aw ay from  transm ission of spin inform ation, or derivatization
the carbon along the C - F  bond, and the C -H  bond m ust changes the side-chain orientation in a w ay th a t is un-
be capable of intersecting. T he rule but states the favorable to spin coupling,
minimum requirem ent for long-range coupling. O ther
factors m ay certainly  prevent coupling even when the E xnerim ental Section 26
rule is satisfied. E xcessive length of the a chain24 and
internuclear distance25 are two such factors. Reaction of l6,l7«-Epoxypregnan-3a-ol-ll,20-dione Acetate27

D a ta  from  the present study suggest th a t when the <}> ™th KH/ Odrog, ?  b o rid e .-A n h y d ro u s  hydrogen fluoride 
, , i , , ,, i  “  (113.7 g, 5.68 mol) was condensed in a dry polyethylene bottle

angular m ethyl group and the fluorine are both situated surrounded by a Dry Ice-acetone bath. Tetrahydrofuran
on the five-membered D  ring, caution is required in the (57.4  g> 7.96  mol) was cooled in a Dry Ice bath and added to the
application of the converging v ector rule to assignm ent H F in 1 portion. To this reagent mixture was added a solution
of stru ctu res of 1 (44.6 g, 0.114 mol) in 600 ml of chloroform and 112.5 ml of

T7 , . . ■ j? / m  -.i r  i j i i -  i i , tetrahydrofuran. The solution was cooled to about—30° before
Fluorohydrin E  (11 ), with firmly established stereo- addingy it to the HF reagent. The reaction mixture was then

ch e m istry , p rovid es a n  a n ch o r p o in t for th e  discussion. allowed to stand exposed to room temperature for 5 hr, after
T h e  con verg in g  v e c to r  rule p re d icts  t h a t  lon g-ran g e which time it was poured over a slurry of ice and water contain-
coupling b etw een  th e  16/3-fluorine an d  th e  a n g u la r ing about 500 g of sodium bicarbonate. The steroid mixture
m eth y l (C -1 8 )  p ro to n s, and th e  2 1 -m e th y l p ro to n s was extracted with 3 1. of chloroform which after washing with

J  v ’ . _ nJ  f  water and drying (Na2S04 ), was concentrated in  vacuo to a red
m a y  o ccu r. T h e se  h y d rog en s and th e  fluorine a re  0-j The oily product was dissolved twice in ether and evapo-
se p a ra te d  b y  five a bonds. In  fa c t , th e  2 1 -m e th y l h y - rated to remove traces of chloroform, and then was dissolved in
d rogens w ere coupled  to  th e  fluorine ( J  =  4 H z ), b u t about 200 ml of ether, and the resulting solution was filtered and
no sp littin g  or even  line b road en in g of th e  1 8 -m e th y l allowed to stand. The crystalline product, fluorohydrin F  ( 12),

signal was observed. Cross and Landis23.24 presented tained by repeati*ng crystaiiization in ether from the total 
examples of 16/3-fluoro steroids in which 16-1'-1 8 -H  reaction product. The combined fluorohydrin F  fraction was
Coupling (0 .5 -1 .5  H z) was seen. These exam ples were purified by recrystallization from acetone: first crop 1.30 g, mp
17 ketones, suggesting the possibility th a t transm ission 257-261°; second crop, 0.21 g, mp 251-259°. The analytical

of spin inform ation through a sp2-hybridized carbon £ £ <g )tained fr°m aCet° ne: mP 258_26°  ! W +
atom  m ay be more efficient than  through a fully satu - ' Ana{. Calcd for C23H33FO5: C, 67.62; H, 8 .14; F , 4.65.
rated  a skeleton. This possibility is enhanced by the Found: C, 67.83; H ,8 .2 4 ; F ,4 .4 l .
observation of substantial (4 H z) coupling of fluorine Acetylation afforded the diacetate 13: mp 179-181° (acetone-
with the 21-m ethyl protons in fluorohydrin E . M ore ether); M 23d + 142° (c 1.015 CHC1i3).

, • r 1 n i i A nal. Calcd for CcsHasOel: G, 66.64; H, 7 .83, h , 4.22.
likely, ring deform ations in certain  fused hve-m em bered Found- C 66 57- H 7.65- F  4.46.
rings m a y  in terfere  w ith  effective coupling. B o n d s  to  Hydrolysis of fluorohydrin F  in refluxing aqueous methanol 
su b stitu en ts  on  a  cy clo p e n ta n e  rin g , m o reo v er, la ck  containing sodium bicarbonate gave the diol: mp 215-216°;
th e p arallel relatio n sh ip  of th ose to  tra n s  d iaxia l su b - D P 3» + 68 ° (c 0.84, CIIC13).
s titu e n ts  on  a  cy clo h e x a n e  rin g. In  th e  fo rm er case , -------------------
th e  com b in atio n  of g re a te r  in te rn u cle a r d istan ces  an d  (26) M e ltin g  points are uncorrected. U ltra v io le t spectra were deter-

m ined w ith  th e  C ary M o de l 11 recording spectrophotom eter, and the  i r  
spectra were measured w ith  the  P erk in -E lm er M ode l 137 in fracord . O R D

(22) A. D . Cross and P. W . Landis, J .  A m e r .  C hem . Soe ., 84, 1736 (1962). dispersion curves were obtained w ith  a C ary 60 speetropolarim eter, and
(23) A. D . Cross and P. W . Landis, ib id . ,  84, 3784 (1962). mass spectra were obtained w ith  C EC  21-110 h igh-resolution spectrometer.
(24) A. D . Cross and P. W . Landis, ib id . ,  86, 4005 (1964). (27) P. L . Ju lian, W . Cole, E. W . M eyer, and B. M . Regan, J .  A m e r.

(25) A . D . Cross, ib id . ,  86, 4011 (1964). C hem . S oc., 77, 4601 (1955).
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A nal. Calcd for C2iH310 4F : C, 68.82; H, 8 .53; F , 5 .18. A n al. Calcd for C25H 340 6: C, 69.74; H, 7 .96 . Found:
Found: C, 68.52; H, 8 .57; F , 4 .84. C, 69.90; H, 7.84.

All filtrates after isolation of fluorohydrin F  were recombined. Hydrolysis of olefin C (a diacetate) in aqueous methanol con-
One-tenth of this material, amounting to 4.54 g, was chromato- taining potassium carbonate (18 hr, room temperature) afforded
graphed over a column of silica gel (1 lb). Initial elution with the diol, mp 198-201°. After three recrystallizations from ace-
20%  ether-petroleum ether afforded, after a small amount of oily tone-ether, the material melted at 202 .5-204.5°, [a]24D —158°
impurity, 1.31 g of unchanged 1, amounting to 29% . (c 0 .835, CHCI3).

Continued elution with 50%  ether-petroleum ether gave a A n al. Calcd. for C2iH3o04: C, 72.80; H, 8 .73 . Found:
mixture containing chiefly olefin B (3) contaminated with some C, 72.72; H, 8.60.
fluorohydrin F . Later fractions were nearly pure olefin B . Re- Formation of 16,17a-Epoxypregnan-3a:-ol-ll,20-dione from
crystallization several times from ethyl acetate yielded a sample Fluorohydrin E .— Fluorohydrin E  (95 mg) was treated with 211
melting at 189-192°. mg of anhydrous potassium carbonate in 70 ml of methanol and

A nal. Calcd for C23H320 5: C, 71.10; H, 8.30. Found: 10 ml of water at room temperature for 24 hr. M ost of the
C, 70.97; H, 8 .04. methanol was removed by evaporation in  vacuo at 45°, and the

Contaminants in the olefin B  fractions were more readily re- precipitated residue was extracted into chloroform. After wash-
moved after acetylation to give the 3,16-diacetates. Thus, 605 ing with water and drying (M gS04), the solvent was removed
mg of acetylated material was chromatographed over 60 g of in  vacuo, and the product (65 mg, 80% ) was recrystallized from
silica gel. Elution with 33%  ether-petroleum ether removed ether, mp 222-225°. I t  was identified as 16,17a-epoxypregnan-
fluorohydrin F  diacetate, and pure olefin B diacetate was ob- 3<z-ol-ll,20-dione by comparison of the infrared spectra and by a
tained by elution with 50%  ether-petroleum ether. Crystalliza- mixture melting point.
tion from 2-propanol afforded a solvate, mp 4 6-49°, containing Base-Catalyzed Isomerization of Fluorohydrin D .— Fluoro-
2 mol of 2-propanol. hydrin D diacetate (9) (206.6 mg) and sodium bicarbonate

A n al. Calcd for C25H3406-2C 3HS0 :  C, 67.60; H , 9 .15. (256.5 mg) were dissolved in 3.5 ml of methanol and 3.5 ml of
Found: C, 67.69; H, 8 .86 . water, respectively, and then combined and heated under reflux

Composition of the solvate was confirmed by the nmr spec- for 15 hr. The mixture was cooled and distributed between ethyl
trum. Unsolvated noncrystalline olefin C diacetate, homo- acetate and water. The ethyl acetate layer was separated and
geneous by nmr, was employed for the rotation measurements, concentrated to yield 194.3 mg of oily product which was acetyl-
[a]»D —4.0° (c 0.512, CHC13). ated in the usual way. The mixture of acetates was resolved by

Continued elution after removal of olefin B diacetate yielded chromatography over 20 g of silica gel. The isomeric fluorohy- 
about 75 mg of crystalline olefin A (2 ): mp 188-189° (ethyl ace- drin 10 was eluted firs:; with 20%  ether-petroleum ether. The
tate-hexane); [ « P d - 9 8 .2  (c 0.7965, CHC13); X™jOH 239 m/* crude weight was 127 mg. After recrystallization from ether,
(e 11,000). 73.1 mg of material, mp 163-167°, was obtained. Recrystalliza-

A nal. Calcd for C25H340 6: C, 69.74; H, 7.96. Found: from ether twice for analysis raised the melting point to 166-
C, 69.37; H, 8.06. 169°, W 26d - 71.7° (c 1.185, CHC13).

After removal of the olefin B and olefin A fractions, the original A nal. Calcd for C25H 35F 0 6: C, 66.64; H, 7 .83; F ,  4 .22.
column was stripped with ether, yielding a complex mixture Found: C, 66.90; II, 7 .65 ; F , 4.10.
whose major components were fluorohydrins D (8 ) and E  (11), Continued elution of the column with 33%  ether-petroleum
and additional olefin B . This fraction, amounting to 1.35 g, ether gave 74.8 mg of recovered 9, diminishing to 48 mg, mp 199-
was rechromatographed over 135 g of silica gel. Elution with 201° dec, after recrystallization from methanol.
70%  ether-petroleum ether gave first the olefin B fraction, then Thermal Dehydrofluorination of 9. A sample of 39.2 mg of 9
intractable mixtures, then pure fluorohydrin D: mp 205-206° was placed in a 5-cc round-bottom flask which was evacuated
dec; [a] 25d - 1 5 6 .3 °  (c 1.005, CHC13) . ” The analytical sample (oil pump) and then immersed in an oil bath at 211° for 2 min.
was obtained from ethyl acetate, mp 206° dec. The rapid evolution of hydrogen fluoride commenced after melt-

A nal. Calcd for C23H33F 05 : C, 67.62; H, 8 .14; F , 4 .65. inS of the samPle and subsided within 90 sec. After the flask
Found- C 67 65' H 8 19' F  4 58 had cooled, the contents (39.3 mg) were applied to a column of 4

Acetylation afforded the diacetate 9 , mp 201-203° dec. Re- 8 of silica gel. A small amount of impurities was removed by
crystallization from acetone-ether afforded the analytical sample: was1hl1ng th? column with 20%  ether-petroleum ether Elution
mp 201-202.5° dec; [g]23d - 1 5 9 °  (c 1.145, CHC13). with .15"cc fractlons of 33%  ether-petroleum afforded the major

a j n  *, , f tt A na a a u  7 09 ¿ 0 0  reaction product followed by a mixture of three minor componentsA nal. Calcd for C25H35FO6: C, 66.64; H, 7 .83; F , 4 .22. r \ J  ™ • j  4.r? j  rA cc  nc u  o m  ™ 4 n (total 5 .4  mg) which were not identified. Ihe major product,.bound: C, 66.75; H, 8 .10; F , 4 .0 . >, u • , ,  ̂ c  -ic /  * / a \. Pl . . . . .  _» n m , . . _  • identified by lr and nmr spectra as olefin J3 16-acetate (4), was
After removal of as much olefin B and fluorohydrin D as possi- nonCrystalline and amounted to 30.3 mg (81 % ). Crystallization

ble from the fraction under investigation (obtained by eluting the from 2 0 anol afforded material, mp 44- 47 °, identical by nmr
original column with ether), all filtrates were recombined and and jr with the materia; prepared by acetylation of 3 .
acetylated. This procedure allowed isolation of fluorohydrin E  Thermal Dehydrofluorination of 10 . - A  sample (90.3 mg) of 10
(11) in pure form A total of 507 mg of acetylated materials wag laced in an evacuated flask which was immersed for 90 sec
was chromatographed over oO g of silica gel Flurohydrm E  was in an oil bath which has been h3ated to 236° . After cooling; the

6 i  W ether"Petrolel™  ether mp 224- duct (5) wag recrystallized from ether: 81.1 mg (94 % ), mp
230 After three recrystalhzations from ethyl acetate, ma- 120_124°. Recrystallization from ether twice afforded a sample
tenal melting at 238-242 was obtained: M 24d + 5 4  (c 0.94, melting at 121-124°, W 25n + 7 4 .5 °  (c 0.435, CHC13).

,U s '- A n al. Calcd for C25H,40 6: C, 69.74; H, 7 .96. Found: C,
A nal. Calcd for C23H330 3F : C, 67.62; H, 8 .14 ; F , 4 .65. 69.4S- H, 8.17.

Found. C, 67.52; H , 8.37; F , 4.54. Chromic Anhydride Oxidation of Fluorohydrin D (8 ).— A solu-
Continued elution with ether afforded the diacetate 9 of fluoro- tion of 8 (75.9 mg) in 0.5 ml of pyridine was added to a suspension

hydrin D . of C r0 3 (161.6 mg) in 0.5 ml of pyridine. After standing for 18 hr
The procedures outlined above served for isolation of fluoro- at room temperature, the reaction mixture was distributed be-

hydrins D, E , and F  and olefins A and B . Separations were not tween ethyl acetate and water. The organic layer was washed
always quantitative, and no effort was made to maximize the with 0.1 N  HC1 and, after removal of solids by filtration, was
yield of any individual fraction. Olefin C was not found in the washed successively with water, 5%  sodium bicarbonate solu-
silica gel fractions, but was readily separated from the original tion, and water. Removal of the solvent afforded 68.1 mg of a
reaction mixture after acetylation by means of chromatography complex mixture which was chromatographed over 8.5  g of silica
over acid-washed alumina. Fluorohydrin E  and the diacetate gel. The column was developed by eluting first with 20%  ether-
of fluorohydrin D were also obtained from the mixture of ace- petroleum ether and then with 33%  ether-petroleum ether,
tates by alumina chromatography. The order of elution was The latter eluent removed 27.9 mg of 15 which was recrystallized
(1) olefin C, 20%  chloroform-ether, after extensive washing of from ether: 18 mg; mp 154-156°; X™a0H 237 m/x (e 13,000).
the column with 80%  ether-petroleum ether; (2) fluorohydrin D A nal. Calcd for C23H30O5: C, 71.48; H, 7 .82. Found: C,
diacetate, 50%  chloroform-ether, early fractions; and (3) fluoro- 71.62; H, 7.78.
hydrin E , 50%  chloroform-ether, later fractions. Conversion of Fluorohydrin F  (12) to the 16,17/3-Oxide 2 2 .—

Olefin C was purified by repeated recrvstallization from ether: Fluorohydrin F  (512.1 mg, 1.254 mmol) and methoxyamine
mp 167-168°; [«]23d —146° (c 0.92, CHC13). hydrochloride (131.8 mg, 1.578 mmol) were combined in solution
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in 4 ml of pyridine and let stand for 19.5 hr at room temperature. tate28 (25) (4.6886 g, 12.59 mmol) was dissolved in a mixture of 
The mixture was distributed between ethyl acetate and water; 220 ml of acetone and 22 ml of water and was cooled in an ice 
the organic layer was washed successively with 0.1 N  HC1, water, bath. N-Bromosuccinimide (22.5 g) was added in 1 portion; 
5%  NaHCCh solution, and water and then evaporated to dry- then, with stirring aud continued cooling, a solution of perchloric 
ness. The residue was crystallized from ethyl acetate-hexane acid (12 cc of 70%  perchloric acid diluted to 120 cc with water) 
to afford 499.7 mg (91% ) in two crops, mp 196-198 and 194-196°, was added dropwise over the space of 1 hr. The mixture was 
respectively, and was recrystallized from ether for analysis: allowed to stand at room temperature for 12 hr and then was
mp 197-198°; [a]2°D + 4 6 .1 °  (c 1.000, CHCh). poured over a slurry of ice, water, and an excess of sodium sulfite.

A nal. Calcd for C24H36FNOj: C, 65.88; H, 8 .29; N , 3 .20 ; Enough solid sodium sulfite was added until the mixture was free
F , 4 .34 . Found: C, 66.18; H, 8 .36 ; N, 3 .17; F , 4 .49. from oxidizing products (starch-iodide test paper) and alkaline;

Methoxime 14 (942.9 mg, 2.16 mmol) was dissolved in 5 cc of then the resulting mixture was extracted with ethyl acetate, 
pyridine and added to a suspension of C1O 3 (1.4946 g) in 10 cc After washing with water and removing of solvent, the residual 
of pyridine. After 17 hr of stirring at room temperature, the mix- product was dissolved in ether and allowed to stand. A bromine- 
ture was distributed between ethyl acetate and water. The ethyl free by-product, 1.8126 g, mp 176-179°, separated and was col- 
acetate layer was washed with 0.1 iV HC1 and then after removal lected by filtration. The filtrate was concentrated to dryness 
of precipitated solids by filtration, was washed with water, fol- and acetylated as usual, and the impure bromohydrin acetate 
lowed by 5 % N a H C 0 3 solution, and finally water. Removal of fraction was applied to a column of 300 g of silica gel. The 
the solvent in  vacuo followed by recrystallization of the residue product, 17a-bromopregnan-3a,16/3-diol-ll,20-dione3,6-diacetate 
from methanol afforded 792.0 mg (84% ) of 16, mp 170-172°. (26), amounting to 1.573 g, mp 173-176° (ether-hexane), was
After two recrystallizations from ether-hexane for analysis, the eluted with 20%  ether-petroleum ether. Recrystallization from 
melting pointwas 172-173°, [ « P d - 1 1 1 .5 °  (c 0.9154, CHC13). hexane raised the melting point to 181-183°, [o]” d + 1 2 4 .0 °  (c 

A nal. Calcd for C2<HMF 0 5N : C, 66.18; H, 7 .87 ; N, 3 .22 ; 0.5025, CHCh).
F , 4.36. Found: C, 65.90; H, 8 .12; N, 3 .26; F , 4 .6 . A n al. Calcd for C25H35B r0 6: C, 58.70; H , 6 .90 ; B r, 15.63.

The 16 ketone 16 (754.8 mg, 1.73 mmol) was dissolved in 60 Found: C, 58.61; H, 6 .84; B r, 15.51. 
ml of methanol, and the solution was cooled to 2° in an ice bath. The nonbrominated by-product, assigned structure 7, re- 
A cold solution of sodium borohydride (2.3 g) in 30 ml of 0.1 N  crystallized from ethyl acetate-hexane for analysis: mp 200 .5-
boric acid was added. After 1 hr of standing at room temper- 202°; [a]26n + 7 2 .0 °  (c 1.0257, CHCls).
ature, the reaction mixture was treated with a few drops of acetic A n al. Calcd for C25H34O6: C, 69.74; H, 7 .95. Found:
acid (no evolution of hydrogen) and then acidified to pH 3.4 with 2 C, 69.45; H, 8.27.
N  sulfuric acid. The acid treatment was required to decompose Formation of the epoxide 23 from the bromohydrin acetate 26 : 
a borate ester or complex which was otherwise obtained from was accomplished as follows; 26 (117.7 mg) was treated with 
the reaction. After 2 min, the acidic solution was neutralized potassium carbonate (218.8 mg) in 5 cc of refluxing 4 :1  methanol- 
with 5%  sodium bicarbonate and then extracted with ethyl ace- water for 2 hr. The product was obtained by extraction with
tate. After removal of the solvent, the residual extract (785.6 ethyl acetate, a water wash, and removal of the solvent under
mg) was acetylated as usual (786.6 mg of crude product); the reduced pressure. The crude product was acetylated, and the
mixture of acetates was resolved by chromatography over 76 acetate was purified by chromatography over 9.25 g of silica gel.
g of silica gel. The column was developed by washing with After washing the column with 20%  ether-petroleum ether, the
petroleum ether, eluting with 20%  ether-petroleum ether, and product was taken off with 33%  ether-petroleum ether. After
taking 100-ee fractions. The two components of the mixture crystallization from ether, 77.2 mg of material melting at 133-
overlapped, but the earliest and latest fractions afforded the pure 136° was obtained. The analytical sample, mp 138-140°, was
products. Rechromatography of the intermediate mixed frae- obtained after two recrystallizations from ether-hexane,
tions allowed fairly efficient separation of the mixture. The A nal. Calcd for C2 3H3 2O5 : C, 71.10; H, 8 .30. Found:
faster moving component was 18: mp 132-134° from hexane, C, 71.36; H, 8 .59 .
[a]25D + 7 8 .6 °  (c 1.005, CHCI3). The 20-methoxime 22 of the d-oxide was obtained by con-

A nal. Calcd for C26H 40FNO6'. C, 64.85; H, 8 .37 ; N , 2 .91 ; densation of 155.3 mg of the ketone with 102.2 mg of methoxy-
F , 3 .95. Found: C, 65.06; H , 8 .16; N, 2 .83; F , 3 .8 . amine hydrochloride in 2 cc of pyridine, using the procedure and

The slower moving component 17 was recrystallized from work-up described above. The crude crystalline product (from
methanol: mp 202-204°; [a]ffiD + 2 3 .7 °  (c 1.001, CHCI3). hexane) melted at 121-127° and was judged an approximately

A n al. Calcd for CzeHioFNOe: C, 64.85; H, 8 .37 ; N, 2 .91; etlual mixture.of syn and anti isomers from the appearance of
F , 3.95. Found: C, 65.00; H, 8 .10; N, 2 .94 ; F , 3 .6 . double peaks for the OMe, 18-methyl, and 21-methyl signals in

The two components were present in approximately equal nmr seParated by 1~2 Hz. Repeated crystallization from
amounts. The best isolated yields were 34%  17 and 29%  he* ane ari inefficient separation of the isomers, allowing
lg isolation of a single isomer, mp 125-129 , showing single methyl

The 16«-acetoxy isomer 17 was also obtained by sodium boro- Peaks' f eeding,,the f th a crystal, of 22 ,mad®
hydride reduction of 14, using the same conditions described ^  ring closure allowed rapid isolation of a pure sample (35.4 mg)
above and allowing independent assignment of isomer identifier ° f the, deslred “ r> mP f 4“,127 • recrystalhzatron
tion. The products were compared by means of the infrared % Z . ^ ( c 0 M 0  CHCl ) g ’ W

SPTnlaie,fld mltXCd meltlng i’“ 1!1:  ,  ,  . , ,  A n al. Calcd’ for C234H35N 0 5: C, 69.03; H, 8 .45 ; N, 3 .36.
lh e  16/3-acetoxy isomer 18 (o l.4  mg) was converted to the 11 Found- C 68 80* H 8 46- N 3 36

ketone 19 by oxidation with chromic anhydride in pyridine using Thermal Rearrangem ents the" 17«-Fluorides 18 and 19 with 
the procedures described for preparation of 16 above. The Loss of Hydrogen Fluoride .— The l l+ o l  18 (161 .7 mg) was
P™0ucf was obtained in 8 % yield, mp Io 0-lo4  ; mp 154- placed in an evacuated flask which was immersed for 80 sec in an

} i 022ierc H c n  1<m hexane; “  +  oil bath which had been heated t0  240°- A sma11 amount 0fC * ’ ^  j  - crystalline sublimate was recovered and identified as unchanged
A n al. Calcd for C26H38FN 06: C, 65.11; H , 7.99; N , 2 .92 ; 18. The remaining product, a light yellow oil, was chromato-

F , 3 .96. Found: C, 65.37; H, 7 .77; N , 2 .79; F , 3 .72. graphed over 16 g of silica gel. Some impurities were removed
Closure of the fluorohydrin acetate 19 to the epoxide 22 was by washing the column with 20%  ether-petroleum ether, and the

accomplished by treating 27.0 mg of the former in a refluxing product was removed by elution with 33%  ether-petroleum ether.
solution of 136 mg of potassium hydroxide in 1 ml of 1 :4  w ater- A total of 91.5 mg (59% ) of 20, noncrystalline but homogeneous
methanol for 1 hr. The crude oxide was acetylated in the usual by nmr, was obtained: [«]25d + 6 9 .7 °  (c 1.013, methanol). A
way, and the acetate was purified by passage over a column of 2 20  mg sample of the purified 20 was hydrolyzed at room tempera-
g of silica gel, removing the product by elution with 20 % ether ture by the action of potassium carbonate (62 mg) in 8 ml of
petroleum ether. The crude crystalline product amounted to methanol and 2 cc of water (21 hr). The crystalline triol 2 1 , mp
18.8 mg, mp 124-126°. After recrystallization from hexane, 12 138-140° (ether), was thus obtained: [<*]“ d + 4 8 .9 °  (c 0.500,
mg (mp 128-131°), was obtained identical to an authentic sample CHC13).
prepared from 23 and methoxyamine. Comparison was made
by means of the infrared spectra and a mixture melting point.

16,17/3-Oxido-l7-isOpregnan-3a-ol-l 1,20-dione Acetate (23) (28) P. L . Ju lian and W . J. Karpel, U . S. Patent 2,671,794; C h em . A b s tr . ,

and Its 20-Methoxime 22.— 16-Pregnen-3o:-ol-ll,20-dione ace- 49, 4034 (1 9 5 5 ).
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A nal. Calcd for CuH„NO«: C, 69.99; H, 9.35; N, 3.71. Registry No.— 1, 24298-90-6; 2, 24298-91-7; 3,
Fo™ d; C, 70.00; II, 9.64; N 3.89 . 24298-92-8 ; 4 ,2 4 2 9 8 -9 3 -9 ; 5 ,2 4 3 4 3 -8 6 -0 ; 6 ,2 4 2 9 8 -

Similarly, the corresponding 11 ketone 19 (77.4 mg) was heated Q, n> n 9 , 0Q„ Qc 1 . 0 o/iono n a  o . o o d o q  cc o .
in vacuo for 90 sec at 250°. The product was purified by chro- 9 4 ' U> 7 > ^ 4 2 9 8 -9 6 -1 , 8, 2 4 2 9 8 -9 b -2 , 9, 24 4 2 b -b b -8 ,
matography over 7.5 g of silica gel. After removal of a slight 10, 24381-50-8; 11, 24298-97-3; 12, 24381-51-9; 13, 
impurity with 10%  ether-petroleum ether, the main product was 24298-98-4; 14, 24298-99-5; 15, 24343-87-1; 16,
obtained by elution with 20%  ether-petroleum ether. The 24299-00-1; 17, 24299-01-2; 18, 24299-02-3; 19,
noncrystalline product, homogeneous by nmr, amounted 24299-03-4; 20, 24381-52-0; 21, 24299-04-5; 22,
to 44.1 mg (o9% ). I t  was identical with the 20-methoxime 24 24299-05-6- 23 5067-60-7- 24 24299-07-8- 25 4970
of the A 13 olefin 5 by the following criteria. The infrared spectra /4 Z "  f,UD/ 0U/  ’ / 4“ 99  49 /U
(Nujol mull of solid films) and nmr spectra were identical. The 39-2, 26, 24343-88-2, hydrogen fluoride, 7664-39-3,
mass spectra of the two preparations showed identical fragmenta- triol of 21, 24298-71-3; diol of 12, 24298-72-4; diol of
tion patterns and were nearly superimposable, except that the 6, 24298-70-2. 
methoxime prepared from 5 showed a small impurity at m /e  488,
attributable to formation of a small amount of the 1 1 , 20-bis Acknowledgments.— The author is indebted to his
methoxime of 5. The high-resolution spectrum of the purified associates in the Physical and Analytical Department
pyrolysis product exhibited a molecular ion peak at a m /e  of and the Biophysics Research Department of Merck &
459.2647 (calcd 459.26207), and an M +  1 peak at 460.2708 Co., Jnc for thg analytical and spectroscopic measure-
ĈiL? /  0 '* , . x, ,, . JU  merits which made up a large part of this investigation.The reference sample of the methoxime 24 was prepared by ^ °

condensation of the A>3 olefin 5 with methoxyamme hydrochloride T h e  m icro an aly ses w ere p erform ed  b y  M r. R . N . B o o s
in pyridine using the method described above. The product and Associates. ORD curves were obtained by D r. J .
was noncrystalline though very nearly homogenous as judged by W ittick and staff, and the high-resolution mass spectra
thin layer chromatography and the nmr spectrum. A high- were measured by Dr. J . L. Beck. The 60-M Hz nmr
resolution mass spectrum showed a strong molecular ion peak spectra were provided by Mr. H. Flynn. Special

°! 4f 9; 2,6l 5o(™  459; 2620?;)and ™ (M +  ^  Peak at thanks are due to Dr. Byron Arison for his contributions460.2704 (calcd 460.26o43). A small impurity, estimated to be , , ,  . , . * « .. , ,
less than 5% by nmr, was revealed by the presence of a small peak to hl« w°rk, m the forms of meticulous nmr studies
at m /e  488. The impurity is assumed to be the 11,20-bis- with the 100-M Hz instrument and of many helpful and
methoxime of the olefin 5. stimulating discussions.

Solvolysis of 19-Substituted Androstane Derivatives1,2

F . K ohen, W. Van B e v e r , and R . E . C otjnsell

Laboratory o f  M edicinal Chemistry, College o f  Pharm acy,
The University o f M ichigan, Ann Arbor, M ichigan 48104

Received December 16, 1969

Dehydromesylation of 19-hydroxy-5a-androst-2-en-17-one mesylate (1) by the action of hot pyridine gives a 
mixture of steroidal olefinic products, the principal constituent of which is shown to be B(9a)-homo-2,5(10)- 
estradien-17-one (2a). 19-Hydroxy-5a-androstan-17-one mesylate (7b) behaves in an analogous fashion and 
gives rise to B(9a)-homo-5(10)-estren-17-one (8a) and B(9a)-homo-5a-estr-l(10)-en-17-one (9). Chemical 
degradation and mass spectral analysis confirmed the proposed structures.

Solvolysis of 19-substituted steroids is of interest enlargement occurred, and the corresponding Ij3,19-
both from a mechanistic viewpoint and as a pathway to cyclo steroid derivative was isolated.7 I t  is noteworthy
structurally modified steroid hormones. Previous that in all cases no expansion of ring B  was reported,
studies have indicated that the products formed upon In the course of studies on the synthesis of C-19  
solvolysis of 19-substituted steroids depend largely on radio-labeled steroids, we examined the solvolysis 
the substituents in rings A and B. For example, products of 19-hydroxy-5a-androst-2-en-17-one mesy-
homoallylic participation of a double bond has been late8 (1) and the corresponding dihydro derivative (7b).
noted with 3-oxo-19-mesyloxyandrost-4-ene and 3-eth- Refluxing a solution of 1 in pyridine afforded a mixture
ylenedioxy- (or acetoxy-) androst-5-ene systems. In  of steroidal olefins which upon thin layer chromatog-
these instances, solvolysis afforded 6/3,19-cycIo and raphy on silica gel G impregnated with silver nitrate
5/3,19-cyclo steroids,3-4 respectively. Moreover, the indicated the presence of two products. Chromatog-
expansion of ring A to the A-homo-19-nor system was raphy of the reaction mixture on alumina (activity II)
reported in the case of 3-oxo-19-tosyloxyandrostane6 yielded a crystalline product 2a (25% ), an oily product
and 3-oxo-19-mesyloxyandrosta-l,4-diene systems.6 (20% ),9 and starting material (45% ).
W ith 2-oxo-19-mesyloxy steroids, however, no ring Compound 2a was analyzed for CiglReO. The in-

(1) The w ork conducted in  these laboratories was supported b y  the te i lS e  e i l d  a b s o r p t i o n  i n  t h e  U V  S p e c t r u m  i n d i c a t e d  t h e
Am erican Cancer Society G ra n t PR A-18 and N ationa l In s titu te  o f H ealth  p re S C IlC e  o f  H O I lC O I l jU g & tc d  d o u b le  b o n d s  &S W e l l  RS t i l e

Gr ^ - ? 8349;. • . , , _ presence of a highly substituted double bond. The
(2) (a) A  p re lim inary  account o f th is  w ork  has appeared: F. Kohen, , , , , . .

L . K . Lala, W . Van Bever, and R . E . Counsell, C h em . C o m m u n ., 347 (1969). M U T  S p e c t r u m  S h o w e d  O n e  R n g u lc i r  m e t h y l  g r o u p

(b) Presented in  p a rt a t the  V lth  IU P A C  M eeting on Steroids and N a tu ra l Corresponding to the Cis methyl a t  5 0.97. This
Products, M exico C ity , A p r il 1969, A bstract 5A, p  27.

(3) J. J. Bonet, H . W ehrli, and K . Schaffner, H e lv .  C h im . A c ta , 45, 2615 (7) M . E . W o lff and T . M orioka , J .  O rg . C hem ., 30, 2553 (1965).
(1962). (8) R . E . Counsell, G. W . Adelstein, P. D . K lim s tra , and B. Sm ith, J .

(4) O. H alpern, P. Crabbe, A . D . Cross, I .  D elfin , L . Cervantes, and A . M e d . C h e m ., 9, 685 (1966).
Bowers, S te ro id s , 4, 1 (1964). (9) T h is  p roduct appeared homogeneous on tic , b u t i t  showed three C-18

(5) W . G. Dauben and D . A . Ben-E fra im , J .  M e d . C h e m ., 11, 287 (1968). m e thyl peaks in  the  nm r, in d ica ting  th a t i t  was s t i l l  a m ixture . Because of
(6) P. W ieland and G. Anner, H e lv . C h im . A c ta ,  51, 1932 (1968). the d iff ic u lty  in  p urifica tion , i t  was n o t fu rth e r investigated.
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indicated th a t the C i9 m ethyl had becom e p art of the Chart I
steroid nucleus. T he presence of tw o vinyl protons a t  0  0
5 5 .6  (m ultiplet) sim ilar to th a t of startin g  m aterial and J f  T
the absence of cyclopropyl protons suggested th a t the
su sp ected  a d d itio n al double bond w as te tra s u b s titu te d . IDT ^ . ______I | \ l ---------1
T h is  con clu sion  w as su b sta n tia te d  b y  th e  fo rm a tio n  of a  \ A
m onoepoxide 3, w hich  still show ed tw o v in y l h yd rogen s I J k ' J
a t  5 5 .6  an d  th e  ab sen ce  of m eth in e  h yd rog en s a tta c h e d  RO
to a carbon bearing an oxygen function. T reatm en t of 4 ’ ’
2a with excess m -chloroperbenzoic acid, however, gave a J k T T \ .
product form ulated as 4, which can  be viewed as arising r =h,r'= - c ci

from  a trans diaxial opening in the initial diepoxide 0
with m-ch loro benzoic acid. R eduction  of 2a with LiA l- or mce versa \ .
(f-O Bu)3H and subsequent acetylation  gave a crystal- 0  X\  Q
line aceta te  5. n

Of all the possible W agner-M eerw ein  rearrangem ent MsO^ j h ___ J  H ____ |
products, only structures 2 a -c  were consistent with the ■ .
above d ata. A  distinction betw een the A-hom o stru c- H H

H 2a

C&fOir Q¿r ?» f *

*  *  -  ,^ r id d - X ____
[ [ h T h  | O h ]  h

tures (2b and 2c) and 2a was made by exam ination of ^
the mass spectrum . T he following pertinent peaks 6 5
were observed: m /e  270  ( M +), 216  (M  — 54, loss of
butadiene), 106 (a  C sHxo fragm ent), 91 (loss of a m ethyl the rearranged product was confirmed both by mass
group from  the 106 fragm ent to give a tropylium  catio n ), spectral analysis and chemical degradation. T he mass
and 65  (a  cyclopentadienyl cation arising from  m /e  91 spectrum  of 8a  showed the following pertinent peaks:
by loss of H C = C H ). T h e fragm ents a t  m /e  106 and 91 m /e  272  (M + ), 244  (M  — 28, loss of ethylene), 108
can be easily derived from  a B (9a)-h o m o  steroid such as (M  — 164, a  C 8H 12 fragm ent), a n d 91 (trop yliu m cation ).
2a  but not from  the A-hom o form ulations 2b or 2c which Loss of ethylene involves a retro  D iels-A lder process
would require extensive bond ruptures to form  the and is typ ical of an olefinic linkage suitably placed in a
observed fragm ent ions. cyclohexane rin g .11 M oreover, treatm en t of 8a  with

F u rth er proof of the correctness of 2a was derived by m-chloroperbenzoic acid gave a monoepoxide 12,
chem ical means. D ehydrogenation of 5 with P d -C  identical in all respects with the product obtained by
(5% ) in diethylene glycol solution gave the arom atic hydrogenation of 3 (C h art I I ) .
derivative, 6 : m /e  270  (M + ); uv m ax (E tO H ) a t  278 T h e m ore polar com ponent 9 was isomeric w ith 8a. 
mu (e 400 ), 274  (shoulder, 370 ), and 269  (e 460 ). T he I t  differed, however, in th a t the nm r spectrum  showed
nmr spectrum  of 6 showed four arom atic hydrogens a t  the presence of one vinyl hydrogen a t  5 5 .40  (triplet, J
5 6.85 (singlet) and four benzylic hydrogens a t  5 2 .7 6 .10 =  6 .5  cps) as well as the absence of a C -19 m ethyl
(See C h art I .)  group. M ass spectral analysis showed the m olecular-

In  the dihydro series we found th a t solvolysis of ion peak a t  m /e  272, loss of ethylene a t  m /e  244 , the
19-hyd roxy-5a-an d rostan -17-on e m esylate (7b) in re- C 8H i2 fragm ent a t  m /e  108, and the tropylium  cation  a t
fluxing pyridine gave an olefinic m ixture which was m /e  91. T h e B (9a)-h o m o  stru ctu re 9 was thus
readily separated by chrom atography into two com - assigned on the basis of this physical d ata .

E p oxidation  of 9 with m -chloroperbenzoic acid gave 
| I | two epoxides which were separated by chrom atography.

S tructure 10 was ten tatively  assigned to the more 
F I hJ  (  f  H J  { I T  mobile a-epoxide and 11 to  the m ore polar /3-epoxide.

^ T h e  two epoxides exhibited different nm r spectra. In  
, R 10, the Id proton was less shielded and appeared a t  5

’ J “ 3 .35  (dd, J  =  5 cps) in CDC13 solution and a t  8 3 .07  (dd,
J  =  5 cps) in C 6D 6 solution, whereas, in the /3-epoxide, 

ponents, 8a  and 9. T he more mobde com ponent 8 a  the l a  proton was m ore shielded and appeared a t  6
was analyzed for C i9H 280  and displayed no vinyl or 3 15 (d j  =  6) in CDC13solution and a t5  2 .95  (d, J  =  6
cyclopropyl protons in the nmr. Again, consideration cpg) in solution
of all the possible products th a t could arise from  the Thug the solvolysis of 19-substituted steroids offers
solvolysis of 7b revealed th a t only stru ctu res 8 a -c  anoth er approach to the B (9a)-h o m o  steroid d erivatives
would fit the data. and com plem ents the route developed by K u p ch an  and

T he correctness of the assignm ent of stru ctu re 8a  to
(11) H . Budzikiewiez, C. Djerassi, D . H . W illiam s, “ S tructure  E lucida- 

(10) Compare w ith  the nm r spectrum  of te tra lin , “ V arian Spectra C ata- tio n  of N a tu ra l Products b y  Mass S pectrom etry,”  Vo l. I I ,  H olden-D ay 
log”  Vol. 2, no. 577. Inc., San Francisco, C alif., 1964, p 98.
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Chart II  B(9a)-homo-5£-estr-2-en-17-one (3) (62 mg): mp 124-125° (from
d CH3OH); [<*]d + 1 3 0 ° ; nmr (CDCI,) S 5.6 (m, 2, vinyl hydro- 

-sl . f\ l  gens at C-2 and C-3), 0.97 (s, 3, C-18 CHj).

S r '  f  a  u f ' '  A nal. Caled for C19H260 2: C, 79.68; H , 9 .15. Found: C,
0 HJ  ------ * 1  J > HJ  79.51; H, 9.11.

B .— Under the same experimental conditions as above excess 
3 12 peracid yielded after chromatography a compound tentatively

a identified as 5,10£-epoxy-2f,3£-dihydroxy-B(9a)-homo-5£-estra-
i 17-one 2- or 3-m-chlorobenzoate (4): mp 228-229° (from CH3-

R 0  OH); [«]d + 2 1 0 ° ; nmr (CDCI,) S 7 .95, 7.81, 7 .45, 7 .35, (four
"N I inJ  aromatic protons), 5.25 (m, 1, a methine hydrogen attached to a

carbon bearing a benzoate group), 4.45 (m, 1, a methine hydro- 
I H i  v I II H J  gen attached to a carbon bearing a hydroxy group), 0 .97 (s, 3,

^  C-18 CH3); mass spectrum (70 eV) m/e 458 (M +).
H 8a A nal. Caled for f + J U O + l: C, 67.96; H, 6 .81. Found:

7a,R  =  H C, 67.61; H .6 .6 4 .
b R =  Ms B(9a)-Homo-2,5(10)-estradien-17/3-ol Acetate (5).— A solution

\ of 2a (200 mg) in T H F (20 ml) was reduced with LiAi(/-OBu)3H
\  | (600 mg), and the mixture was allowed to stand at room tem-
-- p sl perature for 1 hr. The excess hydride was then decomposed

[ ¿  | with dilute HC1, and the organic layer was washed with water,
L J  dried, and evaporated. The residue was then acetylated to give

! \ B(9a)-homo-2,5(10)-estradien-17+ol acetate (5) (120 mg):
. \  mp 86-87° (from CHsOH); [<*]d + 5 1 ° ;  mass spectrum (70 eV)

/  ® \  m /e  (relative intensity) 314 (100, M +), 260 (8 , M — butadiene),
■ /  '  i 254 (29, loss of acetic acid), 200 (59), 106 (28, a C8H i0 frag-

ment), 91 (33, tropylium cation).
f '  1 [ t j | A nal. Caled for C2iH30O2: C, 80.21; H, 9 .62. Found:
I I I C, 80.18; H, 9.52.

' — B (9a) - Homo- 1, 3, 5( 10)-estratrien-17/3-ol (6 ).— A solution of 
H H B(9a)-homo-19-nor-17,3-hydroxy-androsta-2,5(10)-diene acetate

10 11 (5) (50 mg) in diethylene glycol (5 ml) was dehydrogenated
with Pd-C  (5% ) (50 mg) at 180° for 7 hr. The mixture was

, . . . .  , Tr  i £ then allowed to cool, the catalyst was filtered, diluted with water,
cow orkers w h ich  involves W o lff-K ish n e r red u ctio n  of and extracted with chlorofomi. The organic k yer was then
9/3,1 9 -c y c lo -l  1-OXO stero id s . 12 dried and evaporated, and the residue was chromatographed.

Elution with petroleum ether-ether (1 :1 )  gave B(9a)-homo- 
. . 1 ,3 ,5 (10)-estratrien-17/3-ol (6 ) (10 mg): mp 122-124° (from

E x p e rim e n ta l S e c tio n 13 hexane); [qt]d + 5 9 ° ;  ir (K Br) \max 2.98 (hydroxy); uv max
o t 1 . t ’i f x j j  a c a nr 7v/r (EtOH ) 278 m^ (e 400), 274 (370), and 269 (460); nmr CDC13)Solvolysis of 19-Hydroxy-5o:-androst-2-en- 17-one Mesylate 1 oc ;  A ,* , -x 0 , , u V- r j  /

a w  r , /  lr , o /-f \ /-i \ • . v 5 6.35 (s, 4, aromatic protons), 2.76 (m, 4, benzylic hydrogens),
(1).— A solution oí the methanesuilonate8 (1) (1 g) m pyridine n , 0 n  10 r<xj \ inc\ \t\ /„ o™ /i\/r+\,x r , j  , a t -t , ,i 0.9< (s, 3, C-18 CH3); mass spectrum (70 e v ) m e 270 (M +).(25 ml) was heated under reflux lor 1 week, then evaporated to 1Atr ^  , . JL ,2  x A ■, ,• ; 1A\ j  j , mi a x i -ii 19-Hydroxy-5a-androstan-17-one (7a).— A solution of 19-dryness under reduced pressure. The residue was extracted with , K i , 0 1t7 s /i \ -  i /onn i\j  ,i ,, f  , r j  . , hydroxy-5a:-androst-2-en-17-one8 (1 g) m ethanol (200 mi) wasether, and the ether extract was washed successively with water, . ,  j  , , • -da n  , T . v™ ij-i i tt/11 j  , mi. i a. j  j  xi • hydrogenated using rd -C  (10% ) as a catalyst. Ihe residualdilute HC1, and water. The solvent was removed and the resi- i ;j  • i ) £ \, • lv ,, t ^  . , j  A solid, obtained after removal of solvent and catalyst was crystal-due was examined by tic on silica gel G impregnated with A gN 03. m a c  b , • in , , c , f  xmi ■ i j  Li- * mi. , -A. ,, i , r >  lized from hexane to give 19-hydroxy-5a:-androstan-17~one (7a):Ihis revealed three spots. Ihe spot with the lowest R { corre- m X45_^4 0 o. r^ij) _i_g§ 6 °
sponded to starting material. The reaction mixture was then mPx 7 ^  Í j i  X t t i a a i  jA nal. Caled for C ig H ^ : C, 78.57; H, 10.41. Found:chromatographed. q

Elution with petroleum ether-ether mixture (8 :2 )  gave a Ü  \ . 1(_ t , /trtmS A 1 ..4̂. ir  t j  /onn \ j   ̂ . 19-Hydroxy-5a-androstan- 17-one Mesylate (7b).— A solutioncrystalline solid (200 mg), identified as B(9a)-homo-2,5(10)-estra- c » x • i • j  j  /■> c K \̂ a -j *
a¿ „  if7 /««A An i aao /r ^ ttCattx r i . n e o  oi 7a (1 g) in methanesulfonyl chloride (1.5 ml) and pyridine dien-17-one (2a): mp 99-100 (from CH.3OH); [a d + 1 1 6  ; , irv A u a + j  + 4. , ; c K i__ mryni \ s r a t a • i u j  , c\ n j n o \  a (10 ml) was allowed zo stand at room temperature for 15 min.nmr (CDC13) 5 5.6 (m, 2, vinyl hydrogens at C-2 and C-3), 0.97 + , • . , . . , K ., . ,

o n i o m \  4. /̂ 7A T,-\ / / i 4.* ■ . -x x 1 he mixture was then poured into water and the precipitate was(s, Ó, C-18 CH3); mass spectrum (70 e v ) m e (relative intensity) n->, , r™ j  x ,. , , . , ,u
oya 11 a a u+\ me 'oo i r u \  j- \ 1AC /on a  tt s hltcred. Ihe product was then dissolved in chloroform and the270 (100, M+), 216 (v32, loss of butadiene), 106 (38, C8H i0 frag- • , u j  -xi j - w  Tt™ j  , , . , ,___ \ ni (a*  4. 1 t ,• N nC /OA , , j .  organic layer was washed with dilute HC1 and water dried, andment), 91 (46, tropylium cation), 65 (20, cyclopentadienyl x j m u  -j  , r .cation) J ^ J evaporated. The residue was crystallized from hexane to give

A nal. Caled for C19H260 :  C, 84.39; H, 9.69. Found: C, 7b= ! M - 1 ^ ° ;  [« ]d + 5 1 ° .
84 38* H 9 61 A n al. Caled for C, 65.19; H, 8 .75. Found:

Further elution with the same solvent system gave an oil (150 C, 65.23, H, 8.65. __ , ,
mg) which failed to crystallize and was not examined further.» )lvoiyS1® +.of le-Hydroxy-S^aiidrostaii- 7-°ne Mesylate
Further elution with petroleum ether-ether mixture (7 : 3 ) gave (7b ) . - A  solution of 7b (1 g) mpyndme (2s ml) was heated under 
starting material (450 mg). reñ^  for/  week‘ 7 he fa c tio n  mixture was then poured into

Action of m-Chloroperbenzoic Acid on B(9a)-Hom o-2,5(10)- ™  ^  T t u r i  with chloroform. The organic layer was
estradien-17-one. A .- A  solution of m-chloroperbenzoic acid Wf hed Wlt '. d,I,ltf  ICI and w+atf  ’ + ed- “ d evaporated.
(100 mg) in chloroform (5 ml) was added to a solution of B(9a)- T1« on silica gel G impregnated with A gN 03 revealed two
homoestra-2,5(10)-dien-17-one (2a) (150 mg) in the same solvent each +of equal f  ̂ nsity. .
(5 ml). The mixture was allowed to stand at room temperature The reaction mixture was chromatographed on alumina (60
for 30 min and decomposed with aqueous K I solution. The f + ollect'nf  Cornil fractions Fractions 3 -6  (hexane) yielded
organic layer was washed successively with saturated Na2S20 3 f̂50 m« “ ;.  ^ o 7 P,
solution, water, sodium bicarbonate solution, and water and was + 7  °  3°  ’ n,m 2 9̂ +  3.̂  5 ° '? 5 $s ’ 3 ’ , % 8
dried and evaporated. The oily residue was chromatographed, T ' i  i 7 /«  a  in te n sity ^ ?2 (100.
and elution with petroleum ether-ether (8 :2 )  gave 5,10{-epoxy- tropylium cation) etky ene ’ 108 9 ’ a ^ sHl2 fragment). 91 (40,

(12) S. M . Kupchan, E . Abushanab, K . T . Shamasundra, and A . W . p  4 o °Í¿  ^  ClS,H28° : C ’ 8 3 ' 7 7 ; H - 1 0 ’ i56- F o u n d :
B ly , J .  A m e r .  C h em . S oc., 89, 6327 (1967). 0 , 5 5 . 0 0 ,  n ,  IU .5 0 .

(13) The nm r spectra were obtained w ith  a V arían A-60A spectrometer. T ra c tio n s  7—10 (h exan e—e th e r 9 .1 )  yie ld ed  460 m g o f 9 ,  B ( 9 a ) -
The optica l ro ta tions were obtained in  CHCls. The m elting  points were homo-5o!-estr-l(10)-en-17-one: m p 88—90° (fro m  CH3OH ); [o;]d
obtained on a Fisher-Johns apparatus and are n o t corrected. W oelm  —17°; n m r 5 5 .4  ( t ,  1 , J  =  6.5 c p s ) , 0.87 (s , 3 ,  C-18 CH3); m ass
neu tra l a lum ina  (a c tiv ity  I I )  was used fo r chrom atography. sp e ctru m  (70 e V ) m / e  (re la tiv e  in te n s ity )  272 (100, M + ), 244
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(43, loss of ethylene), 108 (80, a C8H i2 fragment), 91 (49, tropyl- crystalline solid (100 mg), identified as the a-epoxide l a ,10-
ium cation). epoxy-B(9a)-homo-5a-estran-17-one (10): mp 114-115° (from

A nal. Calcd for CigHjsO: C, 83.77; H, 10.36. Found: CH3OH); [<*]d + 1 5 .5 ° ;  nmr (CDClj) S 3.30 (dd, 1, J  =  4 cps
C, 83.81; H, 10.49. 10 proton), 0.85 (s, 3, C-18 CH3); nmr (C6D6) 5 3.07 (dd, 1,

5,10{-Epoxy-B(9a)-homo-5i-estran-17-one (12). A. By /  =  5 cps).
Epoxidation of B(9a)-Homo-5(10)-estren-17-one (8a ).— m- A n al. Calcd for CwH^Ch: C, 79.12; H , 9 .78. Found:
Chloroperbenzoic acid (50 mg) was added to a solution of 8a (100 C, 79.17; H, 9.80.
mg) in chloroform (10 ml), and the mixture was allowed to stand Further elution with the same solvent system (600 ml) yielded
at room temperature for 30 min. After the usual work-up, the a crystalline solid (200 mg) identified as the 0-epoxide 10,10-
residue was crystallized from CH3OH to give 12 : mp 124-125°; epoxy-B(9a)-homo-5a-estran-17-one (11): mp 140-142° (from
[«]d + 7 5 .5 ° ; nmr (CDClj) S 0.97 (s, 3, C-18 CH ,). CH3OH); [«Id + 3 2 .5 ° ; nmr (CDC13) S 3.15 (d, 1, J  =  6 , la

A nal. Calcd for CwHisCh: C, 79.12; H, 9.78. Found: proton), 0.85 (s, 3, C-18 CH3); nmr (C6D6) S 2.95 (d, 1, /  =  6
C, 79.18; H, 9 .68. cps).

B. By Hydrogenation of 5,10£-Epoxy-B(9a)-homo-5£-estr- A nal. Calcd for CigHzgCh: C, 79.12; H, 9 .78. Found:
2-en-17-one (3).— A solution of 3 (50 mg) in EtO H  (50 ml) was C, 79.15; H, 9.68. 
hydrogenated using Pd-C  (5% ) as a catalyst. After removal of
solvent and catalyst, the residue was crystallized from CH3OH to R egistry  N o .— 2a , 2 2 6 0 2 -7 0 -6 ; 3 , 2 4 4 6 7 -5 2 -5 ; 4,
give 12, mp 124-125°, identical in all respects (Ri,  melting point, 2446 7 -5 3 -6 ; 5 ,2 4 4 6 7 -5 4 -7 ;  6 ,2 2 6 0 2 -7 1 -7 ;  7 a ,2 4 4 6 7 -
nmr, and ir) with the product described above 5 6 -9 ; 7b, 2446 7 -5 7 -0 ; 8a , 2 4 4 6 7 -5 8 -1 ; 9 ,2 4 4 6 7 -5 9 -2 ;

Action of m-Chloroperbenzoic Acid on B(9a)-Homo-5a-estr- 244fi7  fin n  o44fi7  fi1 1?  9 4 4 fi7  7
l(10)-en-17-one (9 ).— m-Chloroperbenzoic acid (400 mg) was “ 4 4 b / ,U , ) ’ ^ 4 b / - b l - b ,  1 2 , 244 b 7 -b 2 -7 .
added to a solution of 9 (400 mg) in chloroform (10 ml), and the A ck n o w led g m en ts .-T h e  authors are grateful to
mixture was allowed to stand at room temperature for 10 mm. n  _  . . . .  °  °
After the usual work-up the residue was chromatographed. ■ B-hmstra and Lr. L). bearle and Co. lor the mass
Elution with petroleum ether-ether (9:1) (150 ml) yielded a spectra.

Geminal Substitution via Steroidal 2- and 4-Cyano-3-ones
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The conversion of 3-cholestanone (1) into 2,2-dimethylcholestan-3-one (15) via 20-cyano-2a-methylcholestan-
3-one, to 2,2-dimethyl-50-eholestan-3-one (4) via 2a-cyano-20-methyl-50-cholestan-3-one (9), and to 4,4-di- 
methylcholestan-3-one (17) via 40-cyano-4a-methylcholestan-3-one (13) are reported as a model study of the 
site and stereoselectivity of alkylations. The assignments of the stereochemistry are made on the basis of nmr 
spectral correlations and chemical conversions. The preparation of 2,2-dimethyl-7-cholesten-3-one illustrates 
the conversion for an acid-sensitive compound. The syntheses of 4,4-dimethylcholestan-30-ol-3,3O-d2 (25) and
4,4-dimethylcholestan-3-one-30-d (26) provide compounds for model-independent assignments of chemical shift 
for the axial and equatorial geminal methyls.

A key step in a num ber of terpene syntheses is the especially pertinent since it suggests th a t alkylation of 
construction of a geminal center adjacent to the keto the cyanocholestanones m ay be stereospecific, 
group on a cyclohexanone ring. A  widely used m ethod
for carrying out this substitution, the carbon alkylation R esu lts and D iscussion
of enolate anions of d-keto esters, appears to  give ,, . „ „„
epimeric m ixtures in m ost casesA * As p art of a  T h ® of 2d -cyan o-2a-m eth y lcholestan-3-
synthetic stu d y designed to  furnish labeled compounds one ln %  - ie c o e s â  ~°^e  ̂ 2  -S
for biosynthetic studies, we h ave carried out a model ° utlined “  uSc^ me L  Stereochem istry a t  C -2 is
study of the site and stereoselectivity of carbon sub- determ ined by the course of the m ethylation of the
stitu tion  in the m ethylation of potassium  enolates P otassiu m  enolate of 3 T he assignm ent of stereo-
of 2-cyanocholestan-3-one, 2-cyano-4-cholesten-3-one, chem istry a t the geminal center of 4  rests on spectral
4-cyanocholestan-3-one, and 4-cyan o-l-ch olesten -3- and chemical criteria (vide in fra ) . The 2/3-cyano-2«-
one. Our results, which provide a route for control of k^ f  4  18 accom panied by approxim ately 18%
the site of substitution of unsym m etrical ketones and oxygen alkylated e n d  ether isomer A careful search
give gem inally substituted compounds which have for the C -2  epimer of 4 led only to the estim ate th a t if
stereochem istry not previously readily obtained, are present, th isco m p o u n d isfo rm ed  in less than  5 %  ymld.

, , ,  ^  ‘  T h e  c o n v e r s i o n  o f  1 t o  4 i l l u s t r a t e s  g e m i n a l  s u b s t i t u t i o n

T c y a n o T e t o n e s  h a v e  been  used  o cca sio n a lly  in  n a t -  a t  th e  P referen tia lly  fo rm y lated  « -m e th y le n e  of an
o ral Tvroduet syn th esis  T h e  w ork  of K u e h n e 3’4 is u n sy m m e trica l cycloh exan o n e.ural Product synthesis. in e  work ot ivuen e . The effect of a A4 double bond on the stereospecificity

(1) (a) E. W enkert, A . Afonso, J. Bredenberg, C. Kaneko, and A . Tahara, o f  t h e  m e t h y l a t i o n  is  o f  i n t e r e s t  f o r  i t s  p o t e n t i a l  i n
J .  A m e r .  C hem . S oc., 86, 2038 (1964); (b) T . A. Spencer, T . D . Weaver, c o n t r o l l i n g  s t e r e o s e l e c t i v i t y . 4 A  p r i o r i  i t  W O u ld  b e
R . M . V illa rica , R . F . F ria ry , J. Posler, and M . A . Schwartz, J .  O rg . C h e m ., , n  , . ? , ■, ' i  i  j -i _
33,712 (1968); (c) R . E . Ire land and R . C. K ierstead, ib id . ,  31, 2543 (1966), a S S U m e d  t h a t  t h e  f l a t t e n i n g  O I t h e  T in g  C a u s e d  b y  t h e  

and references cited therein.
(2) (a) L . Velluz, J. Vails, and G. Nom ine, A n g e w . C hem . I n i .  E d .  (4) A fte r  com pletion of our w ork we learned of s im ila r studies b y  M . Kuehne

E n g l. ,  4, 181 (1965); (b) J. M a th ie u  and J. Vails, C hem . W e e kh l., 63, 21 [ J . O rg . C h e m ., 36, 171 (1970)] and M . Kuehne and J. A. Nelson [ ib id . .  36,
(1967). 161 (1970)] on monocyclic, b icyclic, and tr icyc lic  systems. The stereochemi-

(3) (a) W . S. Johnson, J. W . Peterson, and C. D . Butsche, J .  A m e r.  C h em . cal results in  th a t w ork and the present report are in  agreement. We are
Soc., 69, 2942 (1947); (b) D . K . Banerjee, S. Chatterjee, C. N . P illa i, and grate fu l to  Professor Kuehne fo r k in d ly  p rov id ing  prepub lica tion  copies of
M . V. B h a tt, H i d . ,  78, 3769 (1956); (c) M . Kuehne, ib id . ,  83, 1492 (1961). the  manuscripts.
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Scheme Ia oxidation with 2,3-dicholoro-5,6-dicyano-l,4-benzoquin-
I NC none, is readily converted (Scheme II )  into 4 -cy a n o -l-

r ' ^ y '  Nn r ^ "  -*■  cholesten-3-one (11). M ethylation of the potassium
' o Y Y  enclate of 11 gives 4,S-cyano-4a-m ethyl-l-cholesten-3-

' ¿  0  one ( 1 2 ) in 6 8 %  yield from 1 0  and reduction of 1 2

1 2  3 produces 4¿3-cyano-4a-m ethylcholestan-3-one (13); 13
\  I is also obtained if reduction to 14 precedes m ethylation.

f  A ttem p ts to find the C -4  epimer of 1 2  led only to  the
CN CN estim ate th a t less than  5%  is formed by either route.

. . 1 ^ 1  O xygen m ethylation occurs to the exten t of 10 %  in the
N^'"| j) A,. X  jT X  A  alkylation of 1 1  and 27 %  in the alkylation of 14. The

fact that one epimer is produced in the carbon methyla- 
H tion of the enolate from 4-cyano-l-cholesten-3-one (11)

6 7 4 while two are produced in the corresponding reaction of
ia + the enolate from 2-cyano-4-cholesten-3-one suggests
r that formally increasing steric hindrance to approach7

NC-.T/'vL- dore NC...f/\Ta of the alkylating agent favors the transition state which 
j  1  X I  — X  X  leads to the product with the nitrile in the more steric-

ally hindered position.
5  8  9 T he stereochem istry produced in alkylations of 1 2

“ a, (C2H5)20, CIliONa, HC02C2H5, (CH3)3COH, NH3OHCl; and 14 is opposite to  th a t observed for th e  m ajor
b, (CH3)3COH, (CH3)3COK, CH3I; c, CH3OH, CHsONa; d, H2, product from  com parable keto esters ; 1 thus, the two
Pd-C; e, Li, NH3, NELC1. approaches provide reasonably efficient routes to

different epimers at the 4 position. C ontrol of the site  
double bond would lead to  changes in 1,3-diaxial 0f substitution of an unsym m etrical cyclohexanone by
interactions between the 2 and 4  and 2 and 10 positions blocking of the favored site for form ylation by a double
such th a t form ation of both C -2 epimers m ight be bond introduced by dehydrogenation (vide supra)
observed. M ethylation of the potassium  enolate of could prove useful for those cases in which form ylation 8

2 - cyano-4-cholesten-3-one gives an equimolar m ixture an¿  dehydrogenation 9 proceed a t the sam e site.
of 2fl-cyano-2ff-m ethy]-4-cholesten-3-one (7) and 2 a -  T h e cyano group of the cyano ketones should be 
cyano-2/3-m ethyl-4-cholesten-3-one (8) in 3 9 %  yield readily convertible to  the acid, ester, aldehyde, m eth-
each from  the enone 5 (Schem e I ) . T h e product of ylenehydroxy, and m ethyl groups usually desired in
oxygen alkylation was not detected and it  is estim ated teroenoid syntheses. B y  the procedures outlined in
th a t considerably less than  10%  v  as present. The Scheme III , transform ations of the cyano functions of 4,
structure of 7 is established by its ca ta ly tic  reduction to  9 ( ancl 1 3  to  aldehydo and m ethyl groups have been
4 in 7 0 %  yield. How ever, 8 gives the A /B  cis com - achieved . 10 The geminal dim ethyl ketones, 2 ,2-d i­
pound 2a-cyano-5/3-cholestan-3-one (9) on cata ly tic  m ethylcholestan-3-one (15), 2,2-dim ethyl-5/3-cholestan-
reduction (6 8 % ) or on reduction with lithium in 3 _one (1 6 ) ; and 4 ,4 -dim ethylcholestan-3 -one (17),
am m onia (9 7 % ) . 6

T he use of a  double bond as a blocking group (Scheme » ■
II )  allows substitution a t  the C -4  position of cholestan- i . JL
3 - one (1). l-C holesten-3-one ( 1 0 ) , prepared from  1 by X ^ / \

Scheme I I “ 15,X = 0 16,X = 0 17,X = 0
1 8 ,X = -H ,-* O H  1 9 ,X = -H ,-* O H  2 0 ,X =  • H,-*OH

j __ [ j '  a,c 1 \ ^  respectively, are produced in overall yields of ca. 3 0 %
rm  the corresponding alcohols 18, 19, and 20. In  

H I addition to  illustrating the conversions, this sequence
1 0  provides structural confirm ation by convergence with

11 alcohols and ketones of established structure. T he
___________________ £________________I jb n o n id en tity  of 15 and 16 su p p o rts  th e  assig n m en t of a

▼ cis A /B  juncture for 9.11 A  notable feature of this

Y  ^  ^  ^ d F T '  (7; The fo rm al difference between the tw o  cases is an a dd itio n a l steric
J J I *  I I in te rac tion  in vo lv in g  the 6/S hydrogen of the  enolate of 11 and the  a lk y la t in g

0 speci es.
I " A h  A H (8) H . O. House, “ M odern S ynthetic  R eactions,”  W . A . B en jam in ,
CN QJsJ Q N  In c ., N ew  Y o rk , N . Y ., 1965, p 267.

(9  ̂ L . M . Jackman, A d v a n . O rg . C hem ., 2, 329 (1960). O ther m ethods of 
1,5 ^  double-bond fo rm a tio n  could also be used.

°  See Scheme I ,  footnote a  for a - d .  (10) E . W enkert, P. Beak, R . W . J. Carney, J. W . C ham berlin , D . B . R .
------------------------  Johnston, C. D . R oth, and A . Tahara, C a n . J .  C h e m ., 41, 1924 (1963).

(5) P roduction  of a c is  r in g  ju n c tu re  in  the  lith iu m -a m m o n ia  reduction is (11) The half-he ight w id ths of the  C-10 m e th y l groups in  the  n m r spectra
in  accord w ith  the  proposals o f S to rk  and D arling ,6 provided th a t the  re la tive  of 9 and 4 are 0.4 and 1.0 Hz, respectively, in  the  same order as th e  values
energies of the  tra n s itio n  states fo r hydrogen a dd itio n  to  the c is  and t ra n s  reported fo r a series of c is  (0.36 ±  0.07 H z) and t ra n s  (0.84 ±  0.03 H z)
conform ations of the  reduced anionic species from  8 are such th a t substituent steroids.12 T h is  assignment is in  agreement w ith  th e  c rite ria  fo r stereo­
in te ractions overcome the  usual preference fo r a t ra n s  p roduct. In  th e  chem istry suggested b y  W illiam son, How ell, and Spencer,18 provided th a t
case of 8 the  t ra n s  conform ation of the  reduced anionic in term ediate  has a th e  2/S-cyano fu n c tion  in  9 causes the  same typ e  of line  broadening as does a
severe 1,3-diaxial d im e th y l in teraction, and the  c is  conform ation has a 2/3-h&logen function .
less dem anding 1,3-diaxial cyano-C -9-proton in te raction . (12) D . J. Cram, M . R. V. Sahyan, and R. R . Knox, J .  A m e r .  C h e m . S o c .,

(6) G. S to rk  and S. D . D arling , J .  A m e r.  C h em . S oc., 82, 1512 (1960). 84, 1734 (1962); H . H . Szmant and M . N . Roman, ib id . ,  88, 4034 (1966).
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S c h e m e  I I I »  C h em ical evid en ce fo r th e  s te re o ch e m istry  of th e
q OH OH 0  n itriles 4  an d  13 is p rov id ed  b y  a  com p arison  of th e
X CN f JL CHO g I h 1 h y d ro ly tic  ch a ra cte ris tics  of 21  an d  22  w ith  th o se  of th e

models, O -m ethylpodocarponitrile (2 3 ) ,  an axial ni- 
\  \  \  trile, and dehydroabietonitrile (2 4 ) , an equatorial

“ f, LiAlHj or LiAlH2(OC2H5)2; H30 + ; g, NH2NH2, KOH; or nitrile.20 T reatm en t of 2 1 , 2 2 , 2 3 , and 2 4  dissolved in
HSCH2CH2SH (C2H5)2O BF3, RaNi; h, C r0 3-C 6H5N or Na2Cr20 7-  ethylene glycol with aqueous potassium  hydroxide at
H2S 0 4. 150° for 24 hr gives com plete hydrolysis of 2 4  and

8 5 -9 1 %  recovery of unreacted 21, 22, and 23. The
sequence is the effectiveness of the “ low -tem perature”
W olff-K ishner reduction12 achieved w ithout slow i
addition of the hydrazone, presum ably because steric / L
hindrance depresses the rate  of com peting azine form a- T I  J | Jl J
ti°n . r T r

Assignm ent of configurations of the geminal substit- 
uents of 4  and 13 is based on nm r spectroscopic and A ' ^
chem ical correlations. The nm r chem ical shifts of the 23
C -10  m ethyl groups of 4  and 13 show downfield shifts of 24
0 .2 5 - a 36 ppm  relative to  cholestan-3-one (1) or its resistance to  hydroiysis of the la tte r compounds is
2,2-dimethy\ (IS ) or 4,4-dunethyl (17) derivatives. expected for these relatively hindered axial n itriles.22'22
This deshieldmg is evidence for a 1 ,3 -d ian al m eth yl- Assignments of chem ical shifts to the stereochem i- 
cyano in teraction .1!.«  R eduction of the carbonyl caU different geminal C -4  m ethyl groups in the nm r
groups of 4  and 13 of the ethane thioketa with R an ey  tra  of 4 ,4-dim ethyl-3-hydroxy sterols have been
nickel produces 2^-cyano-2o;-m ethylcholestane (21) m ade 0 n the basis of the expected sim ilar response of the
and 4d -cyan o-4a -m ethylcho]estane (22), respective y .17 chem ical shift of the 4,3-methyl and C -10  m ethyl to 2/3
The C -10  m ethyl resonances in the nm r spectra of 21 and g a  8ubstituents.2 « These designations have been
and 22 are deshielded by 0 .32  and 0 .34  ppm relative to  i r ta n t in establishing th a t the m ethylation of
cholestane. The C -10 m ethyl signal of 9 is within 4 _methyl-4-cholesten-3-one proceeds from  the a  side22 

CN and in determining the stereochem ical course a t C -4  of

0 i the enzym atic cyclization of squalene 2,3-oxide to
[  T lanosterol.26 N m r distinction between the 4,4-di-

I V ,  m ethyl groups has also been achieved for 3-k eto -4 ,4-
H dim ethyl steroids by use of model compounds and a

21 22 solvent shift technique which shows th a t the equatorial
m ethyl of steroidial 4,4-dim ethyl-3-one shifts downfield 

± 0 .0 4  ppm of the C -10 m ethyl signals in the nm r and the axial m ethyl upfield when the solvent is changed
spectra of 1, 15 , and 17  and, as expected, is not de- from  deuteriochloroform  to benzene.27 This synthetic
shielded. The deshielding effect of the cyano group in sequence perm its confirm ation of the previous assign-
the spectra of 4 , 13, 2 1 , and 22  is opposite to  the shield- m ents w ithout dependence on model compounds. The
ing of the C -10  m ethyl observed in the sp ectra of synthesis of 4,4-dim ethylcholestan-3/3-ol-3,30-d2 (2 5 )
analogous esters and keto esters. lb'14a B o th  effects are and 4,4-dim ethylcholestan-3-one-30-d  (2 6 ) was readily
in agreem ent with expectation based on the group achieved by the previously discussed methods, with
m agnetic susceptibilities of the nitrile14*3 and ester lithium aluminium deuteride being used for reduction of
functions,18 provided th a t the la tter has a conform ation 13 . The nm r spectra of 2 5  contained a three-proton  
which places the C -10  m ethyl in a shielding cone of the  
carbonyl group. Corroboration for the axial assign-
m ent for the functionality in 4  and 13 is the characteris- I
tic long-range splitting of 2 Hz observed between the 3 a  
proton and the aldehydo proton of the 2/3- and 4/3- 
formyl groups1411'19 in the aldehydo alcohols obtained on
reduction of the nitriles (Scheme I I I ) . 26' X  -  O

(13) K . L . W illiam son, T . How ell, and T. A. Spencer, J. Amer. Chem. Soc., ---------------------
88 325 (1966). (20) The rela tive  ease of hydro lysis of equatoria l esters as contrasted w ith

’(14) (a) E . W enkert, A. Afonso, P. Beak, R. W . J. Carney, P. W . Jeffs, axia l esters is an established method of determ in ing stereochem istry in  
and J. D . McChesney, J. Org. Chem., 30, 713 (1965); (b) A. D . Cross and related systems.1“ '» '21
I .  T . H arrison, J. Amer. Chem. Soc., 85, 3233 (1963); (c) J. Jacquesy, J. (21) W . P. Cam pbell and D . Todd, J. Amer. Chem. Soc., 64, 928 (194 ) ,
Lehn, and J. Levisalles, Bull. Soc. Chim. F t ., 2444 (1961). F. E . K ing , D . H . Godson, and T . J. K ing , J. Chem. Soc., 1117 (1958),

(15) The diam agnetic an is tropy of the n itr ile  group also causes a large J. M . Beaton and F. S. Spring, ibid., 3126 (1955). „
deshielding of the  4/5 proton in  4 (5 2.91 ppm ) and the  4a position in  9 (5 (22) E. W enkert and B. G. Jackson, J. Amer. Chem. Soc., 80, 211 (195 ) .
3.37 ppm ). These protons have a 1,3-diaxial location w ith  respect to  the  (23) M . R. H am den, J. Chem. Soc., C, 960 (1969).
n itr ile . The assignments were confirmed b y  doub le-irrad ia tion , “ spin- (24) F. Hem m ert, A. Lablache-Combier, B. Lacoume, an . evisa es,
t ic k lin g ,”  and deuterium-exchange experiments. The C otton  effects of 4 Bull. Soc. Chim. Fr., 982 (1966); F. H em m ert, B. Lacoume, J. Levisalles,
and 9 confirm  th a t r in g  A  of these compounds has a chair conform ation.16 and G. R. P e ttit, ibid., 967 (1966).

( 1 6 ) C. Dierassi, "O p tica l R o ta to ry  D ispersion,”  M cG ra w -H ill Book Co., (25) D . Rosenthal, J. Org. Chem., 32, 4084 (1967).
In c ., New  Y o rk , N . Y „  1960. (26) K . J. Stone, W . R . Roeske, R . B. C layton, and E . E . van Tam elen,

( 1 7 ) 2 -M ethy lcho les t-2 -ene and 4-methylcholest-3-ene, respectively, are Chem. Commun., 530 (1969).
also produced in  these reactions. (27) N . 8. Bhacca and D . H . W illiam s, Tetrahedron Lett, 3127 (1964),

(18) H. M . M cC onnell, J .  Chem. Phys., 27, 226 (1957). N . S. Bhacca and D . H . W illiam s, 'A pplica tions of N M R  Spectroscopy
(19) M . Fetizon, G. Moreau, and N . M oreau, Bull. Soc. Chim. Fr., 3295 Organic C hem istry, Illu s tra tion s  from  the Steroid F ield , H olden-D ay, me.,

(1968). San Francisco, C alif., 1964, pp 165-170.
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methyl resonance at ô 0.96 ppm (equatorial CH 3) and hindrance, nonchair conformations, and cation chela-
a ca . two-proton signal at 0.78 ppm (axial CH2D ), in tion effects.4 These rationales provide the best
agreement with previous work.24 The nmr spectra of available correlation of previous results and should
2 6  show a three-proton signal which undergoes a serve as the basis for further studies,
downfield shift of 0.09 ±  0.01 ppm (equatorial CH3) and The stereochemistry of the alkylations of the enolates 
a broadened signal which has an upheld shift of 0.14 ±  of cyanonitriles from 3, 11, and 14 can be rationalized 
0.02 ppm (axial CH2D) on changing the solvent from in terms of twist boat productlike transition states 
deuteriochloroform to benzene. which favor the smaller cyano group (A value, 0 .2  kcal/

The synthetic sequence outlined in Schemes I—III mol)31 in a sterically hindered position relative to the
offers a convenient route for the stereoselective intro- methyl group (A value, 1.7 kcal/m ol),31 with the alkyla-
duction of geminal substituents at either methylene tion of the enolate of 2-cyano-4-cholesten-3-one dis-
group of an unsymmetrical cyclohexanone. The reac- cussed in terms of reduced steric effects and flattening
tion conditions are sufficiently mild that sensitive of ring A in the transition states for alkylation,
groups can be present and unaffected by the conditions If different effects do have dominating significance in 
for the conversions. For example, 7-cholesten-3-one determining the relative energies of stereochemically
( 2 7 )  , containing the sensitive A7 double bond,28 can be different transition states for enolate alkylation, then
converted to 2d-cyano-2a-methyl-7-cholesten-3-one fundamental understanding of these reactions may
(2 8 )  and subsequently to 2,2-dimethyl-7-cholesten-3- remain inextricable. Explanations will continue to be
one (2 9 ) ,  if the acid hydrolysis of the imine produced on formulated a  p o s te r io r i ,  with transition states being
reduction of the ketonitrile is carried out at pH 3-4. selected to accommodate the observed results.

In designing stereoselective alkylations of enolates at 
CN present, reliance must be placed primarily on previous

__». experience whether stated as such or as a rationaliza-

0X X j  0x X X  a ° n■

11 H Experimental Section32
27 28

\  Materials.—Reagenr grade anhydrous ether, absolute ethanol,
I \  methanol, methylene chloride, and chloroform were used without 

additional purification. Benzene, i-butyl alcohol, 1,4-dioxane, 
Jj hexane, and diethylene glycol were distilled from metallic sodium.

Dimethyl sulfoxide was percolated through molecular sieves and 
H then distilled at reduced pressure. After preliminary drying
29 over potassium carbonate, acetone was distilled from phos­

phorous pentoxide. Pyridine was stored over potassium hy- 
Rationales for the stereochemistry of alkylation2'4 in droxide and was freshly distilled before use. The following

these and related systems should be constructed only in reagents were obtained from the indicated suppliers and used
terms of the relative transition state energies29 for the without further purification: sodium methoxide and 99% hydra-

r ,, . . , °  , zine hydrate, Matheson Coleman and Bell; lodomethane, Bast-
production of the epimeric products. Factors "which man Organic Chemicals; potassium ¿-butoxide, Alfa Inorganics,
should be considered in evaluation of alternative Inc.: hydroxylamine hydrochloride, Mallinckrodt Chemical
transition-state energies include electrophilicity of the Works; lithium aluminum hydride and sodium borohydride,
alkylating agent, nucleophilicity of the enolate, steric Ventron Corporation; 1,2-ethane dithiol and 2,3-diehloro-5,6-
hindrance and inductive effects of nonreactino- orniins in dicyano-l,5-benzoqumone (DDQ), Aldrich Chemical Co.; 10%Hindrance ana inauctive ettects ot nonreacting groups in panadium on charcoal, Engelhard Industries, Inc.; lithium
the molecule, effecnve sizes of the alkylating agent and aluminum deuteride, E. Merck Ag. Darmstadt (Germany); and
groups on the eno.ate, the effect of the leaving group, chromium trioxide, Baker and Adamson Chemicals.
bond distortion and torsional effects, the nature of the Product Isolation—Reactions were cooled and then diluted
cation associated with the enolate, and the effect of ion with deionized water. The mixtures were neutralized, when 

,• ■ , ,. , ... , , necessary, and extracted at least five times with ether. The
aggregation Diff erences m relative transition state combined extracts were washed with water and saturated aqueous
energies OI 1 2 kcal/mol could cause the differences in sodium chloride and dried over anhydrous magnesium sulfate
product ratios frequently observed in enolate alkyla- prior to solvent removal by evaporation at reduced pressure,
tions; since any of the above factors could individually Products were purified by column chromatography on Brink-
contribute this much difference, it may be that no mana 0.05-0.20-mm silica gel, when necessary.
broadly applicable yet unifying and rigorous analysis (3i) e. l. euh, n. l. Aiiinger, s. j . Angyai, and g. a. Morrison, “Con-
which hâS predictive Value is possible.30 formational Analysis,” Interscience Publishers, Inc., New York, N. Y.,

However, a useful simplifying assumption is that the “ ( ^ M e l t i n g  points were determined on a R eichert b lock equipped w ith  
Same effects will be important in the different possible therm om eters accurate to  ± 1 °, as determined b y  m ix tu re  m elting  po in ts
transition states. Kuehne and Nelson have recently fo r a?ProPr iate standards I r  spectra were measured on P e rk in -E lm e r

t i c  u • i r  11 i  i • r  i , M ode l 521 and M odel 137 instrum ents w ith  sodium  chloride cells conta in ing
analyzed the sterecchemistry o f  méthylation of enolates 10% chloroform  solutions. U v  spectra were measured With a P e rk in -E lm er
of 2-ketO C S te rS  and 2-ketonitriles in carbocyclic six- M odel 20 2  spectrophotom eter and 1 .0  -cm matched silica cells. The p m r
membered rings in terms of the relative nucleophili- spectra were measured w ith  Varian Associates A-60A, A -56/60, and H A-100

• j*  r  xn  i , •, 1 , . , • . . . . spectrometers w ith  approxim ate ly 30%  solutions in  ch loroform -d unless
Cities Of the enolates with attention given to steric otherwise noted. Chemical shifts are reported in  8, parts  per m illio n  rel­

a tive  to  the  in te rna l standard T M S  (8 0.0). M r. R . L . T h r if t  conducted
(28) L . Fieser and M . Fieser, "S te ro ids,”  Reinhold Publish ing C orp ., the  spin-decoupling experiments w ith  a Varian Associates H A -100 in s tru -

N ew  Y ork, N . Y., 1959, p 259. m ent. The mass spectra were determined b y  M r. J. W rona on an A tlas
(29) D . Y . C urtin , R ec. C h em . P ro g r .,  15, 111 (1954). M ode l C H 4 ins tru m e n t equipped w ith  a solid in le t system. M icroanalyses
(30) A ttem p ts  to  ra tionalize the  stereochem istry of hydride  reduction  of were performed b y  M r. J. Nem eth and associates. T he  optica l ro ta tio n

ketones and a lky la tions  of piperidines appear to  have foundered on over- measurements were determined on a Zeiss 0.01° polarim eter. The o p tica l
s im plifications. See M . Cherest and H. Fe lk in , T e tra h e d ro n  L e t t . ,  2205 ro ta to ry  dispersion measurements were performed b y  D r. R . W . W oody on
(1968), and D . R . Brown, R . Lygo, J. M cKenna, J. M . M cKenna, and B . G. a Jasco M odel O R D /U V -5  instrum ent. A ll reactions were carried o u t in  a
H otle y , J .  C h em . S oc., B ,  1184 (1962), fo r re levant discussions. n itrogen atmosphere.
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2/3-Cyano-2a-methylcholestan-3-one (4).—2-Hydroxymethyl- 2/3-Cyano-2«-methyl-4-cholesten-3-one (7 ) (150 mg) was hy-
enecholestan-3-one (5.38 g, 13 mmol), prepared from cholestan- drogenated for 2 hr at room temperature and low pressure in
3-one by the method of Beton, Halsall, Jones, and Phillips,8'33'34 absolute ethanol with 10%  palladium on charcoal. After the
dissolved in 200 ml of hot ¿-butyl alcohol, was allowed to react catalyst had been separated by filtration, 140 mg of product was
with 1.1 g (15 mmol) of hydroxylamine hydrochloride at reflux isolated (mp 180-189°). Two recrystallizations from absolute
for 1 hr. Product isolation yielded 5.2 g (12.6 mmol, 97%  yield) ethanol yielded 106 mg of 4 (mp 192-195°) which was identical
of isoxazole as a tan solid (mp 128-132°). Recrystallization with the previously prepared compound by nmr, ir, mass spectral,
from methanol yielded 4.6 g of product (85%  yield, mp 137- microanalytical, and mixture melting point comparisons.
139°) which was free from starting material according to tic and Catalytic reduction of 1.12 g of 8 was achieved by the method
a ferric chloride test. The product’s ir spectrum had a weak described above. The product (1.02 g) was purified by silica gel
absorption at 1644 cm " 1 and the nmr spectrum was consistent chromatography with 50%  benzene-hexane (v /v ) as an elutent
with the assigned structure. and recrystallization from absolute ethanol to yield 766 mg (68%

The isoxazole, 3.9 g (9.65 mmol), was dissolved in hot methanol yield) of 2a-cyano-2/3-methyl-5/3-cholestan-3-one (9 ): mp 140-
and 540 mg (10 mmol) of sodium methoxide was added. After 141°; mass spectrum (14.5 eV) m /e  425; ir 2235 and 1725 cm -1;
18 hr at reflux, 3.78 g (9.2 mmol, 95%  yield) of light tan 2-eyano- the nmr spectrum was consistent with the assigned structure and
cholestan-3-one (3) was isolated. Recrystallization from absolute contained methyl singlets at 8 1 .44, 1.04, and 0.72 ppm; ORD
ethanol produced 3.6 g of white solid (mp 176-178°) which gave M 24d —19°, [+  268max + 2 0 7 6 ° , [a]3i6min —1830°, A  —165° (c
a weak ferric chloride test; ir 2200 and 1730 cm -1; the nmr spec- 0.236, CHC13).
trum was consistent with the assigned structure. A n al. Calcd for C29H47NO: C, 81.82; H, 11.13; N, 3.29.

A nal. Calcd for C28H16NO: C, 81.67; H , 11.04; N, 3 .40. Found: C, 81.72; H, 11.09; N, 3.33.
Found: C, 81.43; H, 11.09; N , 3 .31. The reduction of 8 could be accomplished by condensation of

Potassium ¿-butoxide (3 equiv, 1.5 g) was added to a solution 10 ml of ammonia into a stirred solution of 505 mg (1.2 mmol) of 
of 1.83 g (4.46 mmol) of 3 (or the isoxazole) in ¿-butyl alcohol. 8 in ether at —70° followed by the careful addition of 100 mg of
A tan precipitate of the enolate formed while the solution was lithium wire.6 The reaction was maintained at the boiling point
being heated at reflux for 10 min. Then 3 equiv of iodomethane of ammonia for 1 hr and then the blue color was discharged by
was added and heating was continued for 45 min with repetitive the addition of 2 g of ammonium chloride. After the ammonia
additions of 1 equiv of iodomethane at 15-min intervals. had evaporated, wet ether was carefully added and extractive

Extraction of the reaction mixture gave 1.9 g of white solid. work-up produced a yellow oil which was chromatographed on
Chromatography with 50%  hexane-benzene (v /v ) produced 15 silica gel with 50%  benzene-hexane (v /v ) to yield 493 mg (97%
mg of an unidentified oil and 1.2 g (59%  yield, mp 187-190°) of yield) of white solid identical with 9 by ir, melting point, and
2/3-cyano-2<*-methylcholestan-3-one (4). 2-Cyano-3-methoxy-2- mixture melting point criteria.
cholestene (505 mg, 27%  yield, mp 184-187°) was then eluted. l-Cholesten-3-one (10) was prepared85,36 by treatment of
Further elution with benzene-ether gave 250 mg of an oil which 15.0 g (39 mmol) of 1 with 9.1 g (1.1 equiv) of DDQ at reflux in
appeared to be a mixture. 250 ml of dioxane for 24 hr. The reaction mixture was filtered

2d-Cyano-2a-methylcholestan-3-one (4) (905 mg, 48% , mp through 300 g of silica gel with methylene chloride, and evapora-
194.5-196.0°) was obtained after two recrystallizations from tion of the solvent yielded 12.1 g of a mixture of cholestanone
ethancl: mass spectrum (14 eV) m /e  425; ir 2215 and 1720 cm-1; and l-cholesten-3-one, which was purified by a modification of
the nmr spectrum contained 47 protons from S 0 .0 -3 .0  ppm with the procedure of Warnhoff.37 The mixture was reduced with a
methyl singlets at 5 1.43, 1.34, and 0.68 ppm; ORD [a ]24D large excess of sodium borohydride in methanol for 30 min at
+  104°, [a]3i6max + 2 6 1 6 ° , [fflno™'11 —2642°, A + 2 2 3 °  (c 25°. Extractive work-up yielded 12.2 g of the mixture of sterols
0.422, CHC13). which were oxidized38 with 1.5 equiv of DDQ in 300 ml of ¿-butyl

A nal. Calcd for C29H47NO: C, 81.82; H, 11.13; N, 3 .29. alcohol for 24 hr at 25°. After most of the solvent had been
Found: C, 81.97; H, 11.20; N, 3 .27. removed under reduced pressure and the residue had been

After two recrystallizations from ethanol, 410 mg (22% , mp filtered through 300 g of silica gel with methylene chloride, 7.3
190-191.5°) of 2-cyano-3-methoxy-2-cholestene was obtained: g of l-cholesten-3-one (mp 93-97°) was obtained. Two re­
mass spectrum (14 eV) m /e  425; ir 2210 and 1640 cm -1; the crystallizations from absolute ethanol yielded 10: 2 .2  g; 15%
nmr spectrum was consistent with the assigned structure and was yield; mp 100- 101° (lit.37 101- 102°); the nmr and ir spectra
distinguished by a methyl singlet at S 3.80 (-OCH3); uv max were consistent with the assigned structure.
(95%  C2H5OH) 235 mju (e 1.2 X  104). 4/3-Cyano-4a-methylcholestan-3-one (13).— 4-Hydroxymeth-

2a-Cyano-2/3-methyl-5/3-cholestan-3-one (9).— 2-Hydroxy- ylene-l-cholesten-3-one, prepared from 1.8 mmol of 10 by the
methylene-4-cholesten-3-one, 767 mg, prepared from 4-cholesten- method of Beton, Halsall, Jones, and Phillips,33 was converted
3-one by the method of Beton, Halsall, Jones, and Phillips, was into the isoxazole derivative (602 mg, 81%  overall yield, mp
converted into the isoxazole derivative in 94%  yield (724 mg, 107-112° after chromatography on silica gel with benzene) with
mp 105-110° after chromatography on silica gel with benzene) hydroxylamine hydrochloride according to the above procedure,
in the manner described above. Recrystallization from absolute ethanol yielded an analytical

The isoxazole was quantitatively isomerized by basic methanol sample with mp 111-114°; the nmr and ir spectra were consistent
to 2-cyano-4-cholesten-3-one: mp 158-170°; ir 2230, 168, and with the assigned structure.
1610 cm -1; the nmr spectrum was consistent with the assigned A nal. Calcd for C2sH43NO: C, 82.09; H, 10.58; N, 3 .42.
structure and was distinguished by a one-proton singlet at 5 5.77 Found: C, 81.85; H, 10.56; N, 3.26.
ppm (C = C H ). The structure of this product was confirmed by This isoxazole was quantitatively isomerized to 4-c.yano-l-
catalytic reduction with 10% palladium on charcoal in dioxane cholesten-3-one (11) with sodium methoxide in methanol in the 
at 25° to a compound whose identity with 3 was demonstrated same way as previously described: mp 147-149°; ir 2250,
by melting point and mixture melting point (170-173°) and by 1680, and 1605 cm -1; the nmr spectrum was consistent with the
nmr and ir spectral comparisons. In the same manner the un- assigned structure including signals at S 7.22 (d, 1, /  =  10 Hz,
saturated isoxazole was catalytically reduced to yield 2 , with C H = C II), 5.94 (d, 1, /  = 1 0  Hz, C H = C H ), 3.52 (d, 1, J  =  13
identity established by mixture melting point and nmr and ir Hz, -C H C N ), 1.05 (s, 3, CH3), and 0.70 (s, 3, CH3). 4-Cyano-
speetral criteria. These conversions establish that formylation eholestan-3-one (14) was obtained from the catalytic reduction
had not proceeded at C-4 or C-6 . (10%  palladium on charcoal in 40 ml of dioxane at 25°) of 128

Alkylation with iodomethane of 2-eyano-4-cholesten-3-one, mg of 11 for 2 hr. Separation of the catalyst and removal of the
8.35 g (or its isomeric isoxazole), by the above procedure yielded, solvent gave 128 mg of 14: mp 184-186°; mass spectrum (9.5
after silical gel chromatography with 75%  benzene-hexane (v /v ), eV) m / e  411, ir 2250 and 1720 cm -1; the nmr spectrum was
3.76 g (0.89 mmol, 44% , mp 170-176°) of 2/3-c.yano-2o:-methyl-4- consistent with the assigned structure.
cholesten-3-one (7) and 3.82 g (0.09 mmol, 44% , mp 111-118°) A nal. Calcd for C25H i3NO: C, 81.69; H, 11 .02 ; N , 3.40.
of 2a-cyano-2/3-methyl-4-eholesten-3-one (8 ). These compounds Found: C, 81.50; H, 10.97; N, 3.22. 
were identified by ir spectra and by subsequent c o n v e r s i o n s . ____________

-----------------------  (35) A. B . Tu rner and H. .1. R ingold, J .  C h em . Soc., C . 1720 (1967).
(33) J. Beton, T . G. H alsa ll, E . R . H . Jones, and P. C. P h illips, J .  C h e m . (36) E . Caspi and P. J. Ram m , T e tra h e d ro n  L e t t . ,  181 (1969).

Soc., 753 (1957). (37) E . W . W arnhoff, J .  O rg . C h e m ., 27, 4587 (1962).
(34) P. M orand, M . F le tt, J. M . L ya ll, and S. S tavric , S te ro id s , 8, 679 (38) S. H . Burste in  and H . J. R ingold, J .  A m e r .  C h em . S oc., 86, 4952

(1966). (1964).
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Alkylation with iodomethane of 128 mg of 4-cyanocholestan- prepared by dissolving 13.6 g of sodium dichromate in 60 ml of
3-one (14) by the method described above yielded, after chro- water, 18 ml of sulfuric acid, and 10 ml of acetic acid .42 After
matography on silical gel with 30%  hexane-benzene (v /v ), 66 the solution had been stirred at room temperature for 24 hr,
mg (50%  yield) of 13 and 3 mg of a mixture tentatively identified the benzene layer was separated and the aqueous phase was
as 4-cyano-2,4-dimethylcholestan-3-one and 4/3-cyano-4a-methyl- extracted with benzene. After the combined organic phase had
cholestan-3-one (13) on the basis of ir (2250 and 1720 cm -1) been washed twice with water, once with 5%  sodium hydroxide,
and mass spectral (m/e  439 and 425) evidence. The analytical and twice more with water and dried over magnesium sulfate,
sample of 13 was obtained in 30%  yield after recrystallization the solvent was removed at reduced pressure. A 98%  yield
from absolute ethanol: mp 138-139°; mass spectrum (15 eV) (172 mg, mp 9 5-99°) of 2,2-dimethylcholestan-3-one (15) was
m / e  425; ir 2250 and 1720 cm “';  the nmr spectrum was con- obtained which was recrystallized (75%  yield) from absolute
sistent with the assigned structure and was distinguished by ethanol: mp 97-99° (lit.43 mp 98 -1 0 0 °); mass spectrum (12.5
methyl singlets at 5 1.48, 1.36, and 0.70 ppm. eV) m / e  414; ir (CS2) 1702 cm -1 ( C = 0 ) ;  the nmr spectrum was

A n al. Calcd for C^H^NO: C, 81.82; H, 11.13; N, 3 .29. consistent with the assigned structure.
Found: C, 81.71; H, 11.25; N, 3.23. A n al. Calcd for C29H 50O: C, 83.99; H, 12.15. Found: C,

Elution with hexane-benzene gave 35 mg (27%  yield) of 4- 83.83; H , 11.94.
cyano-3-methoxy-3-cholestene: mp 174-178°; ir 2200 and 1630 2d-Formyl-2a-methylcholestan-3/3-ol (90 mg, 0.21 mmol) was 
cm -1; the nmr spectrum was consistent with the assigned struc- dissolved in 50 ml of absolute ethanol containing 1 ml of tri-
ture and was distinguished by a methyl singlet at 5 3.80 ppm. ethylamine and 6 ml of 99%  hydrazine hydrate. After the solu-

Alkylation with iodomethane of 574 mg of 4-cyano-l-choles- tion had been heated for 1 hr at reflux, it was poured into ether
tene-3-one (11) according to the procedure described above gave, and washed with cold 10% hydrochloric acid until the amine odor
after silica gel chromatography with 50%  hexane-benzene (v /v ), was not detectable. The ethereal solution as dried over mag-
511 mg (86 % yield) of 4(3-cyano-4a-methyl-l-cholesten-3-one nesium sulfate and evaporated to yield 79 mg (85%  yield, mp
(12) which was recrystallized from absolute ethanol: mp 147- 135-145°) of the hydrazone: ir 3400, 1640, and 1610 cm -1 ;
149°; 40%  yield; ir 2250, 1675, and 1605 cm -1; the nmr spec- the nmr spectrum was consistent with the assigned structure and
trum was consistent with the assigned structure, including signals was distinguished by signals at 5 7.0 (s, 1, -C H = N H 2) and 5
at 5 7.30 (d, 1, J  =  10 Hz, C H = C H ), 5.98 (d, 1, J  — 10 Hz, ppm (broad, s, 2, NH2). The crude hydrazone (30 mg in 0.5
C H = C H ), 1.60 (s, 3, CH3), 1.18 (s, 3, CH3), 0.72 ppm (s, 3, ml of benzene) was added to 25 ml of dimethyl sulfoxide,13 200
CH3). Further elution yielded 60 mg (10%  yield) of 4-cyano-3- mg of potassium i-butoxide, and 0.25 ml of ¿-butyl alcohol. The
methoxy-l,3-cholestadiene which was recrystallized from abso- reaction was maintained at 70° for 30 min, after which time the
lute ethanol: mp 165-168°; ir 2200, 1640, and 1575 cm -1 . product isolation produced 15 mg of oil. After silica gel chro-
4/3-Cyano-4a-methyl-l-cholesten-3-one ( 12) (350 mg) was con- matography with benzene, 9 mg of 2,2-dimethylcholestan-3f3-ol
verted into 13 (350 mg, mp 125-130°) by catalytic reduction was isolated (mp 139-142°, 32%  yield, 27%  yield from the
with 10%  palladium on charcoal in dioxane which after recrystal- aldehyde). Oxidation of this material (C r03) produced a ketone
lization from absolute ethanol (55%  yield) was identical with (mp 9 2-95°) wrhich was identical with authentic 2,2-dimethyl-
the previously prepared product according to melting point, cholestan-3-one by mixture melting point and nmr and ir spectral
mixture melting point (138-139°) and ir and nmr spectral criteria. criteria.
Catalytic reduction of 60 mg of 4-cyano-3-met,hoxy-l,3-cholesta- 4,4-Dimethylcholestan-3-one (17).— 40-Cyano-4a-methyl-
diene in dioxane with 10% palladium on charcoal yielded 57 mg cholestan-3-one (13) (108 mg) was reduced with lithium aluminum
of 4-cyano-3-methoxy-3-cholestene, 'whose identity with the hydride as described above. The isolated aldehyde (53 mg) was
previously prepared product was established by melting point, subjected to the Wolff-Kishner reduction and 4,4-dimethyl-
mixture melting point, and ir spectral criteria. cholestan-3/3-ol (30 mg, 28%  yield) was isolated after chromatog-

2,2-Dimethylcholestan-3-one (15).— To an ethereal solution raphy on silica gel with benzene: mp 152-155° (lit.44 156-157°),
of 690 mg (1.62 mmol) of 4 cooled to about 5° was added a slurry their and nmr spectra were consistent with the assigned structure,
of 130 mg (3.42 mmol) of lithium aluminum hydride in ether. A partially reduced compound, 4|3-cyano-4a-methylcholestan-
Stirring was continued for 15 min while the mixture was allowed 3-ol, 9 mg, was recovered from the chromatography column,
to warm to room temperature. The excess reducing agent was 4,4-Dimethylcholestan-3/3-ol (30 mg) was oxidized with chromic 
destroyed with a paste of sodium sulfate and water. Excess acid as described above and 4,4-dimethylcholestan-3-one (17)
10%  hydrochloric acid was added and the mixture was heated (30 mg, mp 95-100°) was isolated after chromatography on silica
at reflux on a steam bath for 2 hr. Product isolation gave a solid gel with hexane-benzene. Recrystallization from absolute
in 51%  yield (358 mg, 0.83 mmol, mp 119-126°). Recryst.alliza- ethanol gave a 65%  yield of 17: mp 100-101° (different from
tion of 60 mg from ethanol yielded 29 mg of 2/3-formyl-2a- 2,2-dimethylcholestan-3-one by mmp 5 9 -7 6 °); mass spectrum
methylcholestan-3/3-ol: mp 125-127°; ir 3400, 2690, and 1710 (14 eV) m /e  414; ir (CS2) 1703 cm “1 (lit. mp33 100-101°; ir
cm ' ;  the nmr spectrum was consistent with the assigned struc- (CS2)40 1703 cm -1); the nmr spectrum was consistent with the
ture and was distinguished by signals at d 9.59 (d, 1, J  =  2 Hz, assigned structure and showed three methyl singlets between 5
CHO) and 3.4 ppm (broad, 1, CHOH). 1.09 and 1.07 ppm in addition to the C-18 methyl singlet at

A nal. Calcd for C29lloo0 2: C, 80.87; H , 11.70. Found: C, 0.68 ppm.
80.82; H, 11.65. A nal. Calcd for CmH mO: C, 83.99; H, 12.15. Found: C,

To a solution of 294 mg (0.68 mmol) of 2/3-formyl-2a-methyl- 84.15; H , 12.04. 
cholestan-3/3-ol in 100 ml of diethylene glycol was added 15 ml of 2,2-Dimethyl-5(3-cholestan-3-one (16).— 2<*-Cyano-2/3-methyl-
99%  hydrazine hydrate. The reaction mixture was maintained 5(3-cholestan-3-one (9, 766 mg, 1.8 mmol), dissolved in ether,
at 115° for 5 hr and then cooled. After the addition of 16 g of was treated with excess lithium diethoxyaluminohydride46 (from
potassium hydroxide the reaction was heated to 160° for 6 hr. 1.38 g of lithium aluminum hydride and 4.23 ml of absolute
Extractive work-up of the cooled solution produced a gelatinous ethanol) in ether. After the mixture had been stirred at room
white material which was chromatographed on silica gel. From temperature for 1 hr, the reaction was quenched. The mixture
the benzene elutent., 2,2-dimethylcholestan-3/3-ol was isolated was then acidified with 10% aqueous hydrochloric acid and
in 62%  yield (177 mg, mp 134-138°). Recrystallization from hydrolyzed at 60° for 12 hr. Product isolation gave 445 mg of
absolute^ ethanol gave 2,2-dimethylcholestan-3/3-ol (43% , mp 2a-fcrmyl-2/3-methyl-5/3-cholestan-3-ol, as evidenced by ir ab-
142-144°). The acetate, prepared by the method of Mazur and sorptions at 3600, 2750, and 1720 cm -1. The aldehyde, 90 mg,
Sondheimer,39 melted at 127-129° (lit. sterol mp 116-118°,39 was dissolved in 0.05 ml of ethanedithiol, 0.1 ml of 98%  boron
1 1 8 -1 2 0 °/°  acetate mp 124-126° 39'40) .41 The alcohol and its trifluoride etherate was added, and the solution was allowed to
acetate showed undepressed mixture melting points and nmr stand for 30 min at room temperature. The resulting solidified
spectra identical with those of the authentic compounds.39 mass was filtered, washed with cold methanol, and then dis-

A solution of 177 mg of 2,2-dimethyleholestan-3/3-ol in 25 ml solved in absolute ethanol and refluxed for 5 min with 2 cms
of benzene was added to 10 ml of a cold chromic acid solution ____________

, (42: w .  F . B ru ce , "O rg a n ic  S yn th e se s," C o ll.  V o l. I I ,  A . H . B la t t ,  E d .,
CiJ) Si. M a z u r  a nd  F . Sondheim er, J. Amer. Chem. Soc., 80, 5220 (1958). Jo h n  W ile y  &  Sons, In c .,  N e w  Y o rk  N  Y  1943 p 139

J ; f  a l™ ow if ' B/lL Amd- P °l■ Sd., Ser. Sci. Chim., 13, 73 (1965). (43) F . S o ndheim er, Y . K lib a n s k y ] Y . M  Y . H a d a d , G . R . S u m m ers, a n d
(41; I t  has been fo u n d  th a t  a t  least one40 o f th e  p re v io u s ly  re p o rte d  3/3- W . K ly n e , J. Chem. Soc., 767 (1961). 

s te ro ls  was im p u re  a n d  th e  co rre c ted  m e lt in g  p o in t  is  1 4 3 -1 4 4 °: I .  M a lu n o -  (44) N .  W . A tw a te r ,  J. Amer. Chem Soc 82 2847 (1960)
wrcz, pe rsona l co m m u n ic a tio n , F e b  1968. (45) H . C . B ro w n  and  C. P . G arg . ibid., 86, 1085 (1964).
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of W-2 Raney nickel.46'47 After the catalyst had been separated melting point and nmr, ir, and mass spectral criteria; dehydro-
by filtration and thoroughly washed with methylene chloride, the abietonitrile (24),lte identified by melting point and nmr, ir, and
residue of 65 mg of material obtained by evaporation of the massspectra; 20-cyano-2a-methylcholestane (21); and 4/j-cyano-
solvent was chromatographed on silica gel. Benzene elution 4a-methylcholestane (22). The ampoules were heated to 150°
gave a 2,2-dimethyl-o(3-cholestan-3-ol (47 mg, mp 43-46°), for 24 hr and cooled and the contents were neutralized with 10%
which was not identical with 2,2-dimethylcholestan-3/3-ol by aqueous hydrochloric acid. Product isolation resulted in a 99-
tlc comparison. Chromic acid oxidation of 43 mg of the alcohol 100% weight balance. Ir spectra of the product mixtures showed
yielded 37 mg of 2,2-dimethyl-5/3-cholestan-3-one (16), which was a small amount of carbonyl absorption in every case due to amide
chromatographed on silica gel (31 mg isolated, 72% yield) and or acid functionalites. After hydrolysis of 24 no starting material
was not identical with2,2-dimethylcholestan-3-one (15) by mix- was detected by ir or tic and a 100% weight yield of an oily acid
ture melting point (52-79°) and tic comparisons. 2,2-Dinrethyl- was extracted from hexane with 10% potassium hydroxide in
5/?-cholestan-3-one had mp 78-80°, mass spectrum (12.5 eV) m/e methanol. The dehydroabietic acid was converted to its methyl
414, ir 1700 cm“1; the nmr spectrum was consistent with the ester with diazomethane and was characterized by its nmr spec-
assigned structure with methyl singlets at S 1.24, 1.09, 1.04, and tram. Silica gel chromatography of the product mixtures gave
0.72 ppm. the results summarized in Table I.

Anal. Calcd for C29H50O: C, 83.99; H, 12.15. Found: C,
84.12; H, 11.93.

2(3-Cyano-2a-methylcholestane (21).—To 4 (636 mg, 1.48 
mmol) dissolved in 30 ml of glacial acetic acid and 1 ml of ethane- „
dithiol was added 10 ml of 98% boron trifluoride etherate and Iable 1
the mixture, which solidified within 5 min, was allowed to stand Isolated
overnight. The product, obtained by evaporation of the solvent „ , Weight, Basic starting
after addition of methanol, filtration, and one wash with cold Compound mg solution, ml material, %
methanol, was purified by dissolution in chloroform and pre- 21 21 2 86
cipitation by the addition of methanol to yield 576 mg of white 22 24 1.5 91
thioketal: mp 189-192°; ir 2225 cm-1; mass spectrum (12.5 23 13 1 85
eV) m/e 501; the nmr spectrum was consistent with the assigned 24 13 1 0
structure and was distinguished by a four-proton multiplet at 
& 3.4 ppm (-SC2H4S-). The thioketal was dissolved in hot 
acetone, 8 cm3 of Raney nickel48 under a small amount of ethanol
was added, and the mixture was heated at reflux for 10 min. 4,4-Dimethylcholestan-3/3-ol-3,30-d2 (25).-This compound was
The mixture was then rapidly filtered and the catalyst was synthesized by the procedure described above for 4,4 dimethyl-

, 010l'S  ̂ me '' CIle °n e' vapora >ono cholestan-3/3-ol by substituting lithium aluminum deuteride for
the filtrate produced 330 mg of solid which was chromatographed lithium aluminum hydride. The deuterated product 25 was

*+C-a -in n -WTO ,. u , , isolated in 18% yield (mp 152-154°). After recrystallizationElution with hexane gave an oil (79 mg 14%) which crystal - from absolute ftl/ailol( 25 ^lted from 154 to 155° (10% yield) 
lized on standing (mp 97.0-98.5 ) and was identified as 2-methyl- , ■. • , „Dertra (m/e 4 1 s at 12 5 eV) were con
2-cholestene (lit.49 mp 97-97.5°): mass spectrum (13 eV) m/e f * . aj s ?pec,tra (m(e 418 at eV' were con00, ,1 • 1 F l 1 -xi , sistent with the assigned structure. Oxidation with chromic acid384; the ir and nmr spectra were consistent with the assigned b the previously described procedure gave 4,4-dimethyl-
structure; the nmr spectrum included a broad one-proton singlet cholestan 3-one-30-d; ir, nmr, and mass spectra were consistent
at 0.3 ppm (C=CH).60 with thp «.„¡„..„j strnrt’

A 50% hexane-benzene (v/v) mixture was used to elute 248 9 9 7  \  iQ + «o (o*7 \ r a f 7r ô> o 1 i i  ̂ 2,2-Dimethyl-7-cholesten-3-one (27) was prepared from 7-
“ S .(48%) of 2̂ :cyano-2«-methylcholestane (21) (mp 170- choiesten-3-one in 5% yield by the procedures previously de-
177 ). Recrystalhzation from absolute ethanol gave llo mg scribed exeiit that hvdrolvsis of the imine nroduced bv reduction(22%) of material: mp 178.5-180°; ir 2211 cm“1; mass spec- , exept that hydiolysis ot the imine Ptoduced by reduction * ,+ A - tM / ’ . ’ . , ot the cyano ketone with lithium aluminum hydride wTas achievedtrum (14.o ev) m/e 411; the nmr spectrum was consistent with u ~ • ¿-u +• • . r ,,, • / u •> a\ -iuthe assi ned structure F by making the reaction mixture slightly acidic (pH 3-4) with

a 7S i , r rr xt  ̂ tt -.r*/a/a -nt ci a /a 10% aqueous hydrochloric acid and stirring at room temperatureAnal. Calcd for C29H49N: C, 84.60: H, 12.00; N, 3.40. r 1K\  rr/ u , ,, , , & , a . j. ,■> 1T71 , 0. „  1 1 nn , T * 0_ ’ for la hr. The resultant aldehyde was reduced m dimethylFound: C, 84.62; II, 11.93; N, 3.37. u -a a u a uAn ry a . */r\c\\ 1 w sulfoxide as described above.
4(J-Cyano-4«-me hy cho estane (22) was produced from 207 mg 2(3-Cyano-2«-methyl-7-cholesten-3-one (28) had mp 181.5-

of ld-cya’io-la-methvlcholestan-S-onc (13) by formation of the 183>(). magg trum (14 eV) m/e 423; ir 22i5 and 1720 cm“4;
thioketal and reduction with Raney nickel according to the above the nmr trum was consistent with the assigned structure and
procedure. Chromatography of the product on silica gel with wag distinguished by signals at s 5.2 (broad, 1, CH=C). 1.43
heXTo6 / I0elded 46 mg (23% of 4-methyl-3-cholestene: ( 3 Ch3), 1.33 (s, 3, CH,). and 0.57 ppm (s, 3, CH,).
mp 62-6o ; mass spectrum (12 5 eV) m/e 384; the nmr and ir AwflZ. Calcd for c29H45NO: C, 82.21; H, 10.71; N, 3.31. 
spectra were cons.stent with this assignment. Elution with Found: C, 81.99; 11,10.47; N, 3.13.
hexane-benzene gave 52 mg (26% yield) of 22 (mp 115-130 ) 2 ,2-Dimethyl-7-cholesten-3-one (29) had ir 1700 and 1605 cnr>;
Two recrystalhzations from absolute ethanol gave the analytical mMS trum (15.5 eV) m/e 412; the nmr spectrum was

I n  % yleld; maSS SpeCtrT  (1f  eVu mi e consistent with the assigned structure including signals at 6 5.2411; n- 2230 cm 4; the nmr spectrum was consistent with the (broad j CH=C), 1.25 (s, 3, CH,), 1.11 (s, 3, CH3), 1.07 (s,
assigned structure. 3, CH,). and 0.68 ppm (s, 3, CH,).

Anal. Calcd. for C,sH„N: C, 84.60; H, 12.00; hi, 3.40. A { Calcd for C29H480: C, 84.40; H, 11.72. Found: C, 
Found: C, 84.59; H, 11.77; N, 3.29. 84 10- H 11 68

Comparative Hydrolysis Rates.—The following compounds ’ ’
were sealed in 5-ml ampoules containing a basic solution prepared

^  P 24164-63-4; 9, 24164-64-5; 11, 24215-74-5; 1 2 ,
---------------  24164-65-6; 13, 24164-66-7; 14, 24164-67-8; IS,

(46) L. F. Fieser, C. Yuan, and T . Goto, J .  A m e r .  C h e m .  S a c . ,  82, 1996 2542-57-6; 16, 24164-69-0; 17, 2097-85-0; 21, 24164-
(1960). 90-7; 22, 24164-91-8; 25, 24164-92-9; 28, 24164-93-0;

» ,  24164-94-1; i» x a » le  derivative ot 4-hydroxy-
(48) A. W. Burgstahler, personal communication cited in L. F. Fieser and m 6 th y lG n 6 “l “C h .o l6 S t6 n -3 -O I1 6 , 2 4 1 6 4 - 9 5 - 2 )  4-C yU tIlO -o-

M. Fir- er, “Reagents for Organic Synthesis,” John Wiley & Sons, Inc., m e t h o X y - 1 ,3-cholestadiene, 2 4 1 6 4 - 9 6 - 3 ;  2 | 3 - f o r m y l- 2 a -

(49) c. Djerassi, n . Finch, r . c. Cookson, and c. w . Bird, j . A m e r .  methylcholestan-3/3-ol, 24164-97-4; 2,2-dimethylcho-
c h e m .  S o c . ,  82, 5488 0960 ). lestan-3/3-ol, 2542-65-6; 2/3-formyl-2a-methylcholes-

(50) Elimination is known to compete with desulfurization of thioketais, tan.-3fi-ol hydrazone, 24164-99-6; 4-methyl-3-choles-
particularly under the mild reaction conditions necessary for this reaction:  ̂ ^

C .  Djerassi and D. H. Williams, J .  C h e m .  S o c . ,  4046 (1963). teiie, o78o-18-b.
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D iborane R eductions of Oxygen H eterocycles.
Synthesis of 3-C h rom an ols and 3-C hrom anones
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Hydroboration-oxidation of coumarin and 4,7-dimethylcoumarin affords 3-chromanol and 4,7-dimethyl-3- 
chromanol. Chrom-2-ene and chromone also afford 3-chromanol, and 3-methylcoumarin yields 3-methyl-4- 
chromanol. Oxidation of 4,7-dime thy 1-3-chromanol with dicyclohexylcarbodiimide and dimethyl sulfoxide 
produces 4,7-dimethyl-3-chromanone, thus providing a quicker route to this type of ketone than previously re­
ported methods. The three coumarins also yield as products of these reactions 3- (o- hydroxy phenyl )propane-
1,2-diols. The specificity of these reactions in leading to the vicinal glycols is attributed to the effect of the 
phenolic oxygen. Reduction of flavone under these conditions leads to no cyclic product, but rather to a dibenzyl 
alcohol which results from the hydrogenolysis of a benzylic-allylic carbon-oxygen bond.

As part of a program directed toward the synthesis of T a b l e  I
trichodermin1 (1) and related sesquiterpenes, we re- H y d r o b o r a t io n - O x id a t i o n  P r o d u c t s  o f

quired 4,7-dimethyl-3-chromanone (2) as an interme- O x y g e n  H e t e r o c y c l e s

diate. Previous syntheses reported for the 3-chroma- Substrate Cyclic product and yield Acyclic product and yield

"'T ry  X x X *
^3  ̂ CH\ CH3

OCOCH3 Coun-arin O ^ X  ***
14

none system have usually required the preparation of q
o-(carboxymethoxy)phenylacetic acids and their cv- CtjCkX^ ^ • ^ ch.cohch.oh58i
clization by either Dieckmann reaction of the corre- I CHa J.„
sponding diesters2 - 4  or as in the original synthesis of 1 2 I 3  is
3-chromanone itself,6 acetic anhydride catalyzed reac- 0
tion of the diacid. In these syntheses, however, the Dihydropyran O k  8056
particular 3-chromanone involved was generally the 0H
ultimate synthetic goal. Thus a lengthy route to a
carboxymethylphenylacetic acid was a reasonable price chromone k Jk %k\OH79?<’
to pay for obtaining the desired ketone. In our case 
such an expenditure of experimental effort in a multi-
step route to a synthetic intermediate was clearly 4 885i
undesirable, and we therefore sought a shorter route to ch3

2 from readily available starting materials. 6
One such material is 4,7-dimethylcoumarin (3)  ̂ (^737

(Table I), the Pechmann reaction product of m-cresol avcne ^ ^ ' 'chchohch/ 6̂
and acetoacetic ester. We have investigated a number 19
of routes for the conversion of 3 to 3-oxygenated chro-
man systems, but one in particular, hydroboration- „ , , , . , .
oxidation of 3 , has led directly to the desired structural the reactlon Produc* ™ xtur(; aqueous base
type. Thus, continuous passage of externally generated The conversion of 4 to 4 7-dimethyl-3-chromanone ( 2  

diborane through a tetrahydrofuran solution of 3 was then effected m 84%  yield by Moffat oxidation6

followed by hydrogen peroxide oxidation of the inter- employing dicyclohexylcarbodiimide, dimetnyl sulf-
mediate alkvlborane yielded 4 9 %  4 ,7 -dimethyl-3 - oxide, and monophenyl phosphate 
chromanol (4). A second product, the triol 5, obtained , The structural assignments of 4, 5, and 2 follow from 
in 40%  yield was readily separated from 4  by extraction *heir sPectf al characteristics. The nmr spectrum of 4

tor example, displays a two-proton multiplet at 3.71
(1) s. Abrahamsson and b. Hiisson, P roc. Chem . S oc., 188 (1964). ppm for the C2-methylene group as well as a doublet
(2) A. Robertson and G. Rusby, J .  Chem. Soc., 212 (1936). for ^he C4-methyl gTOUp at 1.12 ppm, and tWO One-
(3) N. S. Vurfson, T. N. Podrezova, and L. B. Senyavina, Zh. Obsch. . 0  ro i o r  <1

K h im ., 34, 2676 (1964). proton muitipiets a t 2.5o and o.4o ppm tor the O3
(4) M. Miyano and M. Matsui, B u l l .  Chem. Soc. J a p . ,  31, 267 (1958).
(5) P. Pfeiffer and E. Enders, Chem. Ber., 84, 247 (1951). (6) K. E. Pfitzner and J. G. Moffat, J .  A m er. Chem . S oc., 87, 5661 (1965).
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and C4 protons, respectively. The C2- and Crproton the resulting aldehyde 11 would suffer further reduction
resonances show appropriate downfield shifts from the to eventually yield a borane convertible to 5 .
values given above in the spectrum of the oxidation In order to test the validity of these reaction schemes 
product 2 , and the signal for the C2-methylene group and to explore the generality of the reduction process,
occurs as an AB pattern in the latter spectrum. Chemi- we undertook the investigation of the reaction of
cal evidence for the structure of 4  was obtained by the diborane with a number of oxygen heterocycles. Table
demonstration that 4,7-dimethyl-2-chromene (6 ), pre- I  lists the compounds reduced and the products isolated
pared by the pyrolysis of 4,7-dimethyl chromane-2- in each case. In  the cases of reduction of three cou-
acetate , 7 was converted to the same alcohol 4 by the marins, a 2-chromene, and dihydropyran, the chromanol
action of diborane and hydrogen peroxide, and di- type of product is clearly the result of the usual direc-
hydropyran under the same conditions gave tetrahy- tive effects that operate in hydroboration reactions,
dropyran-3-ol. 8 that is, production of the least substituted alcohol from

The nmr spectrum of the triol 5 shows that the two an unsymmetrically substituted olefin9 or formation of
aliphatic hydroxyl groups must have a vicinal relation- the /3-ol product from a vinyl ether system . 1 0 Thus,
ship since the signal for the benzylic methyl group 4,7-dimethylcoumarin (3), 4,7-dimethyl-2-chromene
occurs as a doublet. In addition, the mass spectrum of (6 ), and coumarin yield 3-chromanols, and 3-methyl-
5 shows prominent peaks at m/ e  165 and 135 for loss of coumarin ( 1 2 ) affords 3-methyl-4-chromanol (13). The
the fragments ■ CH2OH and • CHOHCH 2OH, respec- last result also indicates that reduction of the proposed
tively. pyrylium salt shown in Scheme I for the reduction of 3

A likely pathway for the multistep reduction of 4,7- occurs by a 1,2 rather than by a 1,4 process. If  a 
dimethylcoumarin can be described by the sequences 2-chromene, the product of 1,4 addition, were an inter-
shown in Scheme I. Thus, production of a 3-chromanol mediate in these reactions, then each of these examples

should have yielded a 3-chromanol.
S c h e m e  I  The second series of products shown in Table I, the
H + ring-opened compounds 5, 14, and 15 all appear to

CH3 v / ^ 0 ^ 0 — ari se as suggested in Scheme I  by hydroboration of an 
Y Y  j I ***] intermediate o-hydroxycinnamyl system. In all three

2  *" *■ cases the product is a vicinal diol despite the fact that 15
I I must arise from carbon-boron bond formation at the
CHs 3 most substituted position of a double bond. A recent
7  8  study 1 1  of the hydroboration of cyclic conjugated

1 enones has shown that these systems yield vicinal diols
also. The authors of this work showed that the first 
step in these reactions was the reduction of a cyclo- 

CH3n̂ ^ / O B v  CHO 6  C H . ^ ^ , 0 ^  hexenone to the corresponding allylic borate, and they
|| | / T  T  J ascribed their results to the directive influence of the

\ oxygen atom of this first reduction product. None of
I \ the cases studied, however, featured alkyl substitution

3 \ 3 (as in 1 2 ) which could be expected to counter the sug-
\ y' 9  gested directive effect of the borate oxygen. There

| Y  are, furthermore, a number of other reports that sug-
| | gest that this directive effect is less general than has

been suggested. 1 1  For example, hydroboration of 
5  CH y. 0  2,3,4,4-tetramethylcyclohex-2-enone has been shown1 2

|| ''J to yield 16 and 17 in the ratio of approximately 2 : 1 , and
g /  the reduction of cinnamyl alcohol with diborane has

! ^  been reported1 3  to lead to a mixture of 3-phenylpropane-
CH3 1 ,2 - and -1,3-diols.

10

1 HO CH3 * 4  CH3
4 h o v x . c h 3

k J r 3 1  ^ oh
from 3 would appear to require first hydride reduction ^ " " 1  CH* ^ 3

to yield a hemiacetal borate 7 followed by dissociation CH3 3

of the latter to a pyrylium salt 8 . This species should 1 6  1 7

then undergo rapid reduction by either 1,4 or 1,2
addition of hydride to yield 6  or 9 . The final reduc- In our cases, the key to the specificity that we have 
tion step, hydroboration of the double bond of either 6  found appears to be the presence of an oxygen atom
or 9, would then produce the 3-chromanylborane 10. conjugated with the reducible double bond. This type
The second product of the overall reduction sequence, of effect has been shown previously to occur in the 
5, would appear to arise from the alternative pathway (9) H c Brown and G Zweifel, x  Chem, Soc„ 82, 4 7 0 8  (1960). 
described in Scheme I. If 7 undergoes ring opening, (io) d . j . Pasto and c . c . Cumbo, ,m ,  86, 4343  (1964).

(11) J. Klein and E. Dunkleblum, Tetrahedron, 24, 5701 (1968).
(7) W. E. Parham and L. D. Huestis, J .  A nier. Chem . Soc., 84, 813 (1962). (12) A. Uzarewicz, I. Uzarewicz, and W. Zacharewicz, Rocz. Chem ., 39,
(8) S. A. Barker, J. S. Brimacombe, A. B. Foster, D. H. Whiffen, and 19 (1965).

G. Zweifel, Tetrahedron, 7, 10 (1959). (13) K. Kratzl and P. Claus, M onatsh. Chem ., 94, 1140 (1963).
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hydroboration of substituted styrenes by Brown and ciates T-60 spectrometer and data are reported in parts per
Sharp14 who found that styrene, o-methoxystyrene, and million from internal tetramethylsilane (TMS). All mass spectra
p-methoxystyrene afford 81, 8 6 , and 9 3 %, respectively, were obtamed °? a Yarian Associaf  M ‘ 6 6  spectrometer andr u n i J  j  rp, , /ty’ r. prec.se mass calculations were performed on a Digital, Inc.,
Oi the p-oi product. Ihe latter two results were PDP-9 computer. Precise mass data are given for the molecular 
correlated with the electron-donating resonance effects ion unless'otherwise specified.
of o- and p-methoxyl substituents. In the examples 4,7-Dimethylcoumarin (3).—m-Cresol (300 g, 2 .0 0  m) was 
investigated in the present work this effect, now of an allowed to react with acetoacetic ester (260 g, 2.78 mol) accord- 

, , . ... , , , . . .  mg to the method of Tries and Klostermann, 15 and the crude
o-borate substituent, coupled With that of the aliphatic product was recrystallized from methanol to yield blunt needles
borate group, 11 is apparently sufficient to produce only (254 g, 73%), mp 129-130° (lit.15 mp 132°).
the /3-ol product regardless of the position of alkyl 4,7-Dimethyldihydrocoumarin.—4,7-Dimethylcoumarin (20 g,
substitution on the double bond ° ' 1 5  mo1) was dissolved in 2 0 0  ml of acetic acid containing 1 0 %

* •  r ?  .aT nmanns leads to both chromanols and 3-phenylpropane- gas had been adsorbed (3-5 hr). The catalyst was then removed
diols. In contrast, the chromone system ought to by filtration through Celite 545 and the solvent was evaporated
yield only the cyclic product since the initial product to rield a yellow oil. This crude product was distilled in vacuo
of reduction of a chromone, 18 (Scheme II), cannot to gwe a clear od (i9.4 g 96%); bp 1 2 2 ° (t.25 mm); ir (neat

1754 cm 1 (C=0); nmr (CCU) 6.95 (m, 3), 3.12 (m, 1), 2.55 
(m, 2), 2.33 (s, 3), 1.27 (d, 3, J  = 6 Hz).

„ , TT 4,7-Dimethylchroman-2-ol.—Lithium aluminum hydride (3.42
cheme gj 0.090 mol) and 50 ml of anhydrous tetrahydrofuran were

.  q ji q v  placed in a 250-ml three-neck flask fitted with an addition funnel,
1̂  Y  ' j  (| 1̂" 'll stirrer and reflux condenser and cooled to 0°. Anhydrous t-
1  ̂ U -—>. I! JL JJ -—>- butyl alcohol (19.9 g, 0.27 mol) was added dropwise with stirring

| v  /\  over a 1 -hr period; the mixture was allowed to warm to room
q HO H temperature and then stirred an additional 30 min. This hydride

jg solution ws then diluted with an additional 1 0 0  ml of anhydrous
tetrahydrofuran and transferred to an addition funnel. 4,7- 

+ H H Dimethyldihydrocoumarin (15.9 g, 0.090 mol) was dissolved in

a V R R = H 1 0 0  ml of anhydrous tetrahydrofuran and cooled to —60° in
j —► I ¡1 ------► I Jl a Dry Ice-acetone bath. The hydride solution was then added

dropwise over a period of 2 hr and the mixture was allowed to 
2 0  Vs warm to room temperature. After pouring the mixture into ice

water, the precipitated salts were filtered from the solution using 
} r= C6Hs Celite 545, and the filtrate was extracted four times with ether.
' /  The salts were then refluxed with 200 ml of ether, the salts filtered,

3-chromanol and all extracts combined, washed, and dried (Na2S0 4). The
I solvent was removed to give a yellow oil which was distilled

œ !H2C6H5 in vacuo to yield 12.9 g (82%) of a transparent, oil: bp 138° (1.0
mm); ir (neat) 3420 cm- 1  (O-H); nmr (CDC13) 6.94 (m, 3),
5.54 (t, 1, /  = 4 Hz), 3.91 (s, 1, OH), 3.05 (m, 1), 2.35 (s, 3), 

19 1.77 (m, 2), 1.28 (d, 3, J  = 7 Hz).
Anal. Calcd for CnHuOi: C, 74.13; H, 7.92. Found: C, 

74.28; H, 8.09.
tautomerize to an open-chain isomer. This conclusion n, Chromane-2-acetate.-4,7-Dimethylchroman-2-

, , , f  . ol (oOg, 0.337 mol) and 19 ml of pyridine were dissolved in 220 ml
was borne out by the result of hydroboration of chro- of acetic anhydride and stirred for 3 days at room temperature,
mone itself which was the production of 3-chromanol The acetic anhydride and pyridine were then removed to yield a
in 79%  yield. When the same procedure was applied brown oil which upon vacuum distillation gave the colorless ace-
to flavone, however, no cyclic alcohol product was tate ,62g, 84%); bp iS ^ y  .Omm); n (neat) m 9  cm“1 (C =0);
obtained. Instead we found that the dihydroxy com- 2.23 (g) 3)( 1 M  (d> 3> j  =  2 Hz); 1-89 (m> 2); 1-35 (d> 1.5j
pound 19 was produced m 73% yield. As suggested in /  = 7 Hz), 1.31 (d, 1 .5 , /  = 7 Hz).
Scheme II the reduction sequence with chromones Anal. Calcd for Ci3H1603: C, 70.89; H, 7.32. Found: C, 
follows the same course as the reduction of coumarins 70.6u; H, 7.24.
through the step involving hydride addition to the ^ l ^ 6116 chromane-2 -• , j- , if j • i i i acetate (50 g, 0.227 mol) was placed in a 100-ml flask along with
intermediate pyrylium salt tô  yield a chromene 20. several boiling chips. The flask was then fitted with a 1 2 -in.
At this point, however, an additional hydride transfer Johnson pyrolysis column16 packed with glass helices, upon which
step appears to take place in the case of the phenyl- was a 1 2 -in. heated spiral metal fractionating column and still-
chromene that results in cleavage of the heterocycle. he,ad- The lower column was heated to 450 ° and the uPPerTu.j u- ^ „ , 1 1  „„„„„ ■ ,, , ,. /  ,, column to 70 , and the system was evacuated (0.60-1.00 mm).That this step should occur in the reduction of the The acetate was then heaied to a fa5t reflux J  that the lowe;r
Ilavone and not in that ol chromone itself is not sur- boiling prouct was distilled while any unreacted starting ma­
prising in view of the benzylic-allylic nature of the terial was returned to the flask through the side arm of the John-
carbon-oxygen bond which suffers hydrogenolysis in son c°lumn- Crude product distilled from the column at 90° 
tho flavnm» (1-0° mm) and was finally redistilled to yield a colorless oil (32me navone case. g> 79%): bp 5 0 ° (0.75 mm); ir (neat 1668 cm- 1 (C=C); nmr

(CCU) 6.95 (m, 3); 6.45 (d, 1, J  = 6 Hz), 4.80 (d, 0.5, J  = 6  

Experimental Section Hz), 4.84 (d, 0.5, J  = 6 Hz), 3.42 (m, 1 ), 2.23 (s, 3), 1.31 (d, 3,
J  = 7 Hz).

All melting points were determined on an Arthur A. Thomas Anal. Calcd for CuH120: C, 82.46; H, 7.55. Found: C, 
Co. Uni-Melt capillary melting point instrument. Analyses 82.26; H, 7.50.
were performed by Midwest Microlabs, Inc., Indianapolis, Ind. Chromone.—2-Hydroxyacetophenone (28 g, 0.206 mol) was
Infrared spectra were taken on a Perkin-Elmer Model 257 spec- -------------
trophotometer. Nmr spectra were recorded on a Varian Asso- (15; K. Fries and W. Klostermann, Chem. Her., 3 9, 871 (1906).

(16, K. L. Williamson, R. T. Keller, G. S. Fonken, J. Szmuszkovicz, 
(14) H. C. Brown and R. L. Sharp, J . A m er. Chem . S oc., 88, 5851 (1966). and W. S. Johnson, J .  Org. Chem ., 27, 1612 (1962).

2284 J .  Org. C h em ., V ol. 3 5 , N o . 7 , 1 9 7 0  Still and Goldsmith



allowed to react with 120 ml of ethyl formate according to the 40:60 ether-hexane to yield a colorless translucent oil (23.6 g,
procedure given by Schonberg and Sina.17 The crude product 35%): ir (neat) 3330 cm“1 (O-H); nmr (CDCh) 6.79 (m, 3),
was recrystallized from ether-hexane to yield fine needles (21.4 g, 4.44 (s, 1, OH), 4.27 (s, 1, OH), 2.70-3.78 (m, 4), 2.25 (s, 3),
71%), mp 58° (lit.17 mp 59°). 1.23 (d, 3, J  = 7 Hz); mass spectrum (70 eV) m/e (rel intensity)

4 .7- Dimethylchroman-3-ol (4).—Sodium borohydride (23 g, 196 (10), 165 (3), 136 (7), 135 (10), 121 (5), 117 (1), 115 (1), 
0.6 mol) and 100 ml of diglyme were placed in a 500-ml three- 100 (5), 91 (1).
neck flask fitted with an addition funnel containing 100 g of Anal. Calcd for C„H,603: C, 67.35; H, 8.16; precise mass,
boron trifluoride etherate, a magnetic stirrer, and two gas inlet- 196.10985. Found: C, 67.18; H, 8.07; precise mass, 196.10757.
outlet adapters. One adapter was connected to a nitrogen tank 3-Methylchroman-4-ol (13).—3-Methylcoumarin (5 g, 0.031 
and the other to the gas dispersion column which was filled with mol) was allowed to react according to the method described for 3.
anhydrous tetrahydrofuran (600 ml) as were both the side bulb Removal of solvent from the ethereal layer yielded a clear oil
and chamber below the fritted disk. All joints were then secured which rapidly crystallized on standing. This was recrystallized
with pressure clamps, the column was heated to approximately from hexane to yield large blunt needles (1.3 g, 20%): mp 96°,
50°, and 3 (60 g, 0.345 mol) was dissolved in the tetrahydro- ir (CHC13) 3580 and 3430 cm"1 (O-H); nmr (CDC13) 7.05 (m,
furan. The system was then well purged with nitrogen while 4), 4.00 (m, 3), 2.27 (s, 1, OH), 1.94 (m, 1), 0.96 (d, 3, /  = 7
cooling the column to 40 ± 5° where it was maintained through- Hz); mass spectrum (70 eV), m/e (rel intensity) 164 (10), 122
out the addition. The nitrogen was cut off and the boron tri- (10), 121 (9), 100 (2).
fluoride etherate added dropwise with stirring over a period of not Anal. Calcd for Ci0H12O2: C, 73.17; H, 7.32; precise mass,
less than 6 hr, at all times keeping the gas flow relatively slow. 164.08366. Found: C, 73.35; H, 7.45; precise mass, 164.08213.
Occasionally, starting material crystallized in the fritted disk of 2-(2'-Methyl-2',3'-dihydroxypropyl)phenol (15).—The sodium 
the column. When this occurred, tetrahydrofuran was added hydroxide layer from above was worked up according to the
from the side bulb to dissolve the obstructing material and there- method described for 5. The crude product was chromato-
by prevent pressure buildup in the generating flask. When ap- graphed on 30 g of Silicar CC-7 eluting with 50:50 ether-hexane
proximately 60% of the diborane had been added, the tetra- to yield a transparent oil which crystallized on standing. This
hydrofuran solution turned intensely yellow and the color per- was recrystallized from ether-hexane to give fine white needles
sisted until shortly before the addition was completed. The (3.26 g, 58%): mp 93°; ir (KBr) 3410 and 3240 cm"1; nmr
solution was then transferred to a 2-1. flask and allowed to stand (DMSO-d6) 6.90 (m, 4), 4.99 (a, 1, OH), 4.72 (t, 1, J  = 5 Hz,
overnight. Aqueous sodium hydroxide (320 ml, 3 N) and 320 OH), 3.20 (d, 2, /  = 5 Hz), 2.70 (s, 2), 1.00 (s, 3); mass spectra
ml of 30% hydrogen peroxide were added with cooling as neces- (70 eV), m/e (rel intensity) 182 (3), 151 (5), 133 (3), 131 (2),
sary, and the mixture was stirred for 6 hr at room temperature. 109 (2), 108 (10), 107 (7), 105 (2), 100 (5).
The mixture as then acidified with dilute hydrochloric acid and Anal. Calcd for C,oH„03: C, 65.93; H, 7.70; precise mass,
extracted three times with ether. The combined extracts were 182.09421. Found: C, 65.89; H, 7.92; precise mass, 182.09407.
extracted with 5% aqueous sodium hydroxide an additional three Chroman-3-ol.—Coumarin (10 g, 0.0685 mol) was allowed to
times and the aqueous was layer set aside. The ethereal layer react with diborane using the same method as in preparation of
was washed with saturated sodium chloride solution and water and 4. Removal of the solvent from the ethereal layer gave a clear
dried (Na.SOJ, and the solvent was removed to give a thick yellow oil which on crystallization from hexane gave fine needles (1.23
oil which, upon vacuum distillation, yielded a thick colorless g, 12%): mp 79°; ir (CHC13) 3565 and 3420 cm"1 (O-H);
oil which solidified upon standing. This was recrystallized from nmr (CDC13) 6.95 (m, 4), 4.16 (s, 1, OH), 4.03 (d, 2,,/ = 2 Hz),
hexane to give fine needles (29 g, 47%): bp 128-132° (0.5 mm); 2.71 (m, 3); mass spectrum (70 eV) m/e (rel intensity) 150 (10),
mp 60°; ir (CHC13) 3380 cm"1 (O-H); nmr (CCh) 6.62 (m, 3), 131 (2), 121 (1), 119 (1), 107 (9), 106 (2), 91 (2), 78 (3).
3.71 (m, 2), 3.43 (q, 1, J  = 4 Hz), 3.07 (s, 1, OH), 2.53 (m, 1), Anal. Calcd for C9Hio02: C, 72.00; H, 6.67; precise mass,
2.16 (s, 3), 1.12 (d, 3, J  = 7 Hz); mass spectrum (70 eV) m/e 150.06802. Found: C, 72.19; H, 6.77; precise mass, 150.06685.
(rel intensity) 178 (10), 152 (1), 150 (1), 135 (7), 134 (10), 133 Chromone (5.0 g, 0.034 m) under the same conditions yielded 
(5), 105 (3), 91 (5), 77 (1). 4.08 g (79%) of chroman-3-ol.

Anal. Calcd for CnHuOj: C, 74.25; H, 7.81: precise mass, 2-(2',3'-Dihydroxypropyl)phenol (14).—The basic layer from 
178.09930. Found: C, 74.30; H, 8.09; precise mass, 178.09804. above on acidification and extraction with ether gave a thick

Treatment of 6 (5.0 g, 0.037 mol) with diborane by the pro- yellow oil. This was chromatographed on 60 g of Silicar CC-7
cedure described above yielded 5.0 g (88%) of 4. eluting with 50:50 ether-hexane to yield a clear thick oil (6.45 g,

4.7- Dimethylchroman-3-one (2).—4,7-Dimethylchroman-3-ol 57%): ir (neat) 3350 cm"1 (O-H); nmr (DMSO-d6) 6.95 (m,
(1.78 g, 0.01 mol) was dissolved in a mixture of 15 ml of anhydrous 4 ), 4 .5 0  (s, 2, OH), 3.70 (m, 1), 3.41 (d, 2, J  = 2 Hz), 2.70 (d, 
DMSO and 15 ml of anhydrous benzene containing 6.20 g (0.03 2, J  = 5 Hz); mass spectrum (70 eV), m/e (rel intensity) 168
m) of dicyclohexylcarbodiimide. A 2-ml portion of a 2.5 M (5), 1 5 0  (1), 137 (4), 132 (2), 119 (3), 108 (10), 107 (10), 100
solution of anhydrous monophenyl phosphate in DMSO was (2), 91 (5).
then added dropwise. After 4 min a white precipitate formed. Anal. Calcd for C9Hi203: C, 63.79; H, 7.14; precise mass,
The mixture was stirred for 2.5 hr following which 25 ml of ethyl 168.07857. Found: C, 63.73; H, 7.12; precise mass, 168.07905.
acetate and 2.7 g of oxalic acid in 25 ml of methanol were added; Tetrahydropyran-3-ol.—3,4-Dihydropyran (30 g, 0.35 mol)
stirring was continued for an additional 30 min. The mixture was allowed to react with diborane using a method analogous to
was then filtered, and the filtrate was washed with water, re- that of 3. Evaporation of the ethereal layer gave a clear yellow
filtered, and finally washed with aqueous sodium bicarbonate and oil which was vacuum distilled to yield a colorless oil (27.3 g,
dried over sodium sulfate. Removal of the solvent left 2.65 g of 80%): bp 83° (10 mm) [lit.7 bp 70-72 (0.1 mm]; ir (neat) 3320
a crude oil. cm"1 (O-H); nmr (CCh) 5.80 (s, 1, OH), 3.08-3.79 (m, 5),

The oil was chromatographed on 20 g of silica gel (100-200 1.25-1.87 (m, 4).
mesh) with elution by a 1:4 ether-hexane mixture. Theresulting Anal. Calcd for C5Hi0O2: C, 58.82; H, 9.81. Found: C,
material was distilled to yield 1.5 g (84%) of ketone: bp 106° 58.60; H, 9.93.
(0.5 mm); ir (neat liquid) 1730 cm"1 (C=0); nmr (CCh) 6.80 2-(3'-Phenyl-2'-hydroxypropyl)phenol (19).—Flavone (5 g,
(m, 4), 4.20 (AB q, 2, J  = 9 Hz), 3.35 (q, 1, J  = 7 Hz), 2.26 0.025 mol) was allowed to react with diborane by a procedure
(s, 3), 1.34 (d, 3, J  = 7 Hz); mass spectrum (70 eV), m/e (rel analogous to that of 3. Acidification and extration with ether
intensity) 176 (9), 161 (2), 133 (10), 105 (7). of the sodium hydroxide layer gave a thick yellow oil. This was

For analytical purposes the ketone 2 was converted to its vacuum distilled to yield a clear oil which was then crystallized
semicarbazone derivative, mp 216° dec. from carbon tetrachloride to give fine transparent needles (4.2 g,

Anal. Calcd for Ci2Hi302N3: C, 61.80; H, 6.44. Found: C, 74%): mp 93°; bp 182° (0.17 mm); ir (KBr) 3390 and 3180
62.02; H, 6.38. cm"1 (O-H); nmr (DMSO-d6) 7.36 (s , 5), 6.87 (m, 4), 5.20

5-Methyl-2-(l'-methyl-2',3'-dihydroxypropyl)phenol (5).—The (d, 1, J  = 4 Hz, OH), 3.60 (m, 1), 2.43 (d, 2, J  = 6 Hz), 1.87
sodium hydroxide layer from the preparation of 4 above was (d, 2, J  = 7 Hz); mass spectrum (70 eV), m/e (rel intensity)
acidified with dilute hydrochloric acid and extracted three times 228 (1), 211 (6), 210 (10), 209 (8), 195 (7), 193 (6), 181 (1),
with ether. The combined extracts were then washed with 121 (1), 120 (1), 119 (7), 107 (8), 104 (8), 100 (2), 91 (7). 79 (6),
water, dried (Na2SO<), and evaporated to give a thick green oil. 7 7  (8).
This was chromatographed on 500 g of Silicar CC-7, eluting with Anal. Calcd for Ci5Hi602: C, 78.95; H, 7.02; precise mass
-------------  (M+ — H20), 210.10439. Found: C, 78.69; H, 7.22; precise

(17) A . Schonberg and A. Sina, J .  A m e r.  Chem. Soc., 72, 3396 (1950). m a ss , 210.10257.
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The stereochemistry of 3-arylideneflavanones has been established by the preparation of both cis (3a-c) and 
trans (2a-c) isomers. Configurations and conformations are assigned on the basis of nmr spectra. The products 
obtained by the acid-catalyzed condensation of flavanones and aromatic aldehydes have the trans configuration.
Ultraviolet irradiation produces the cis isomers. Allylic coupling constants show that the trans isomers exist in 
the conformation with the 2-phenyl group axial. The cis isomers appear to exist in both conformations. In
2,2-diphenylchromanone (4) the steric effect of the second phenyl group causes formation of the cis product 2,2- 
diphenyl-3-benzylidenechromanone (5). o-Hydroxybenzaldehyde with flavanone does not give the benzylidene 
derivative but forms o-hydroxybenzylflavone.

Flavanones have been condensed with a number of acid. This compound was cyclized by refluxing with
aromatic aldehydes to form 3-arylideneflavanones hydrochloric acid or on treatment with hydrogen chlo-
(termed flavindogenides) in high yield . 1 Flavindo- ride to give 5 ,5 -dimethyl-5 ,6 -dihydrobenz [c]ac idine.
genides have also been isolated as coproducts during Algar and M ’Cullagh8 were unable to isolate the corre-
the preparation of flavanones by the acid-catalyzed sponding amino compound by reduction of 3-(2-nitro-
condensation of aromatic aldehydes and substituted benzylidene)flavanone with stannous chloride in acetic
o-hydroxyacetophenones. 2 Interest in 6-nitro-3-ben- acid saturated with hydrogen chloride but obtained 2,3-
zylideneflavanones as bacteriostats led Szell and Zar- (2-phenylchromano-3,4)quinoline directly. This cy-
andy to reinvestigate methods for their preparation . 3 clized product was the only product obtained when the
Recently two natural products, eucomin and eucomol, flavanone was treated under the conditions described
related in structure to flavindogenides, were isolated . 4 5 by Bell and Cromwell for formation of the amino com-
Eucomin is the first member of the arylidenechro- pound. 9 These results tended to indicate a cis con-
manone family to be found in nature. figuration for the 3 -arylideneflavanones.

Two geometrical isomers are possible for the product In  view of the interest shown in flavindogenides we 
from the condensation of aromatic aldehydes and flava- undertook the present work in order to assign their
nones since the /3-aryl groups of the flavindogenide stereochemistry. The stereochemical assignment was
may be either cis or trans to the carbonyl group. In also necessary for our further studies on the epoxidation
the reported cases only one of the two possible geometri- reactions of flavindogenides. 1 0 In  this paper the results
cal isomers was obtained. The condensation of aryl of cur study on cis- and iraws-3 -arylideneflavanones are
aldehydes with methylene compounds normally yields presented. 1 1

unsaturated products which have the carbonyl function The stereochemistry of the 3 -arylideneflavanones has 
trans  to the larger group at the /3-carbon atom . 6 ' 6 now been unambiguously determined by the synthesis
However, as shown below, there was some evidence to of both the trans  (2a-c) and cis (3a-c) compounds,
suggest that 3 -( 2 -nitrobenzylidene)flavanone prepared Condensation of flavanones (la,b) with benzaldehyde or
in the normal way had the cis configuration. Crom- anisaldehyde forms trans-flavindogenides (2a-c) in
well and coworkers7 prepared ¿rans-2 -( 2 -aminobenzyli- yields approaching 90% . In  our study, as in previous
dene)-4,4-dimethyltetralone by the reduction of the reports, only one isomer was obtained. An examina-
corresponding nitro compound with iron and acetic tion of the reaction mixture using thin layer chromatog­

raphy showed no trace of a second isomer. The nmr
(1) (a) A. Katschalowsky and St. von Kostanecki, B e r .,  3 7 , 3 i6 9 ( i9 0 4 ) ;  s p e c t r a  o f  t h e  c r u d e  r e a c t i o n  p r o d u c t  a ls o  i n d i c a t e d

(b) H . R yan and G. Creuss-Callaghan, P ro c . R o y . I r i s h  A c a d ., 3 9 B ,  1 2 4  O n ly  O n e  i SO m e  I

(2) (a) J. H . Adams, J .  O rg . C hem ., 3 2 , 3992 (1967); (b) M . K . Seikel,
M . J. Lounsbury, and S. Wang, ib id . ,  2 7 , 2952 (1962); (c) T . Sz411 and R.
E. M . U ny i, ib id . ,  28, 1146 (1963).

(3) T . S z ill and M . Zarandy, C a n . J .  C h em ., 46, 1571 (1968). (8) J. A lgar and T . M . M ’Cullagh, P ro c . R o y . I r i s h  A c a d ., 40B, 84 (1931).
(4) P. Bohler and Ch. Tam m , T e tra h e d ro n  L e t t . ,  3479 (1967). (9) J. R . D oherty , P h.D . Thesis, N ationa l U n ive rs ity  of Ire land , 1962.
(5) D . Y . C urtin , R ec. C h em . P ro g r .,  15, 111 (1954); H . E . Zim m erm an (10) (a) F lavanoid  Epoxides. V I :  D . D . Keane, W . I .  O 'S u llivan ,

and L. A hram jian , J .  A m e r.  C hem . Soc., 81, 2086 (1959). E . M . P h ilb in , R . M . Simons, and P. C. Teague, T e tra h e d ro n , in  press.
(6) D . N . K e v ill, E . D . W eiler, and N . H . Crom well, J .  O rg . C h e m ., 2 9 , (b) F lavonoid  Epoxides. V I I :  J. R. D oherty , D . D . Keane, K . G. M arathe ,

1276 (1964). W . I .  O 'Sullivan, E . M . P h ilb in , R . B. Simons, and T . C. Teague, ib id .,
(7) (a) V . L . Bell and N . H . Crom well, ib id . ,  2 3 , 789 (1958); (b) N . H . in  press.

C rom w ell, R . E . Bam bury, and R. P. Bark ley, J .  A m e r.  C hem . S oc., 81, (11) P re lim inary  com m unication: J. R . D oherty , D . D . Keane, K . G.
4294 (1959); (c) N . H . Crom well and R. E . Bam bury, J .  O rg . C h e m ., 26, 997 M arathe, W . I .  O ’Sullivan, E. M . P h ilb in , R . M . Simons, and P. C. Teague,
(1961). C h em . I n d .  (London), 1641 (1967).
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Table I
Physical Data on Flavindogenides

,------------------------ Is o m e r s -------------------------- ------------------------- Is o m e r s -------------------------* .------------------------ Is o m e r s ------------------------ .

C o n fig u r a tio n  2 a , trans 3 a , cis  2 b ,  trans 3 b ,  cis  2 c ,  Ivans 3 c ,  cis

Yield,« % 80 82 83 44 81 38
Mp, °C (lit.) 104 (104*') 96 147.5 (149*) c 145.5 108.5
Uv, xSSH (e) 304 (16,600)* 307 (11,000)“* 340 (16,900) 352 (14,500) 357 (21,800) 354 (19,400)

242 (13,600) 250 (18,100) 239 (16,600) 239 (17,900)
Ir,e pc-o, vc-c 1670,1610 1670,1610 1670,1600 1670,1600 1675,1610 1675,1610
Photochemical equilibration, % 8 92 8 92 20 80
Chemical equilibration, HC1, % 100 0 100 0 100 0
Anal., %

CalcdC, H 84.6,5.2 84.6,5.2 80.7,5.3 77.42,5.38 77.42,5.38
Found C, H 84.6,5.2 84.4,5.2 80.2,5.5 77.41,5.47 77.42,5.30

“ Yields are for recrystallized products. * See ref lb. c 3b was not crystalline. d Determined in methanol. 6 Determined as 1% 
solution in CCh.

flavindogenides, 2a-c were prepared with deuterium in 
R i  1 CHO the 8  position by condensation of l a  and lb  with the

/===\ HC1 respective aldel^des-l-d. The products have physical,
+  \  J  Eton” electronic, and infrared spectral properties essentiolly

j] identical with those of the nondeuterated compounds.
0  R' The nmr spectra of deuterated irans-flavindogenides
1 lacked the signal at r 1.9 and allowed unequivocal

y f l  assignment of this signal to the vinyl proton. The
r singlet in the r  3.9 region was not so broad. Irradiation 

| jT T  of the irans-flavindogenides-/3-d and product work-up
as described above yielded the cts-flavindogenide-d-d. 

q h The nmr spectra of these c is  derivatives were essen-
2  tially identical with those of the nondeuterated isomers

except for the absence of a signal of r 3.3 and a sharp-
a, R =  H; R' =  H ening of the singlet in the region of r  3.9. Significant
b, R = Ik R = OCH3 nmr ¿ata for thg a 's_ and p-aiis-flavindogenides are
c, R = OCH3; R' = OCH3 listed in Table II.

Irradiation of the tr a n s  compounds with ultraviolet 
light using a Corex or a Pyrex filter to screen out radia- Table II
tion below 260 mg gave mixtures with a high percentage Nmr Data of Flavindogenides« ■*>
(80-92% ) of the c is  isomers (3a-c). No other products Con-
were detected. The pure a s  isomers were isolated by Com_ tion Vinyl H 2 H 5 H och3
either fractional crystallization or by column chroma- pound

tography. The cis isomers are crystalline solids except 2a trans 1.92 3.37 2.14
for 3b (a yellow glass) which resisted attempts at crys- 3a cis 3.30 3.89 2.08
tallization although thin layer chromatography indi- 2b trans l -98 3.34 2.14 6.30
cated it to be pure. The structure of the as-flavindo- 3b cis 3.32 3,89 2.10 6.28
genides was inferred from elemental analyses, infrared, 2c trans J'®® 6 '25
and electronic spectra (which were very similar to 3c cls ' ' . ' ' . . .,i r , in  ̂ * “Determined as 10% solutions m CDCI3. b Correct mte-
those of the tr a n s  compounds), nmr spectra, and grated area was obtained for the multiple* of the aromatic pro-
the fact that they were completely and essentially tons not iisted.
quantitatively isomerized to the irans-flavindogenides
when treated with acid. The properties of the isomeric Configuration. -N u clear magnetic resonance spec- 
flavindogenides aie shown in Table . troscopy has been most definitive in allowing the stereo-

chemical assignment of c is  and t r a n s  exocyclic a,/3- 
hv R q [ J  unsaturated ketones. The deshielding effect resulting

2 H+> from ^iamaSnetic anisotropy of the carbonyl group
causes the vinyl proton in the tr a n s  isomer (with the 

If \—  proton c is  to the carbonyl group) to display a signal
0  /  \  at a lower field than does that of the c is  isomer.12

' = /  This property has been used by Cromwell, et a l . , 6

R' in assignment of c is  and tra n s  configurations to benzyl-
3 idenindanones and benzylidenetetralones and by Hass-

r' _ H ner an(  ̂ ^ ea<̂ 13 in assignment of the geometrical iso-
R~ R, ~ 0CH mers of benzylidenecyclohexanones. In each instance

c' R = OCH ■ R' = OCH, the vinylic proton in the tr a n s  isomer gives a signal at a

T , , . . .  r  x i • v  j  i i  (12) L . M . Jackman, “ App lica tions of N uclear M agnetic  Resonance
I I I  O rd .G r t o  a s s ig n  th .6  p o s i t i o n s  o f  t i lG  v i n y l i c  a n d  t i l  6  Spectroscopy in  Organic C hem istry ,”  Pergamon Press, 1959, p  124.

2 - p r o t o n  s ig n a ls  i n  t h e  n m r  s p e c t r a  o f  t h e  i s o m e r i c  (13) A. H assnerand T . C. Mead, T e tra h e d ro n , 20, 2201 (1964).
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lower field (by ca . 1 ppm) than the c is  isomer. W ith with flavanone did show hydrogen bonding as indicated
both the c is -  and ir ems-3-arylideneflavanones available, by its infrared and nmr spectra. However an inspec-
the configuration of each pair could be established by tion of the spectral data showed that the endocyclic
determining the field position of the vinyl protons. product, 3-(2-hydroxybenzyl)flavone had been obtained

The nmr spectra of the frans-flavindogenides 2a-c ob- and not the expected flavindogenide. 
tained in the acid-catalyzed condensation showed two Conformation.—The “sofa” conformation has been 
broadened singlets (each corresponded to a single pro- proposed by Philbin and Wheeler18 for flavanone-type
ton) a t r  1.9 and 3.3. The two singlets are due to the molecules. This conformation allows a strainless
proton at C 2 and the vinylic proton. The observed chromanone molecule to have all the atoms, apart
broadening of the signal is attributed to a small long- from C2, coplanar. The infrared frequencies of a series
range allylic coupling14 between the two protons. An of flavanones indicate that the carbonyl group and the
absorption at r  1.9 is much lower than expected for fused benzene ring are conjugated in each case . 16

either 2 H  or an ordinary vinyl proton and indicates Hence they are probably coplanar. This coplanarity
the tr a ils  configuration for the flavindogenides 2a-c in is also indicated by the observation of Clark-Lewis,
which the vinylic proton lies well in the deshielding zone et a l . , 17 that the 2,3-coupling constants in flavanones
of the carbonyl group. In  support of this conclusion, are unaltered by the presence of a 5-hydroxyl group,
the cis-flavindogenides 3a-c obtained by ultraviolet An hydroxyl substituent in this position forms a strong
irradiation do not display a signal at this low-field po- intramolecular hydrogen bond with the carbonyl group
sition. The 5-H protons of 3a-c absorb at a lower and forces the coplanarity of this group with the aro-
field (r  2 .08-2 .10) than the other aromatic pro- matic A ring.
tons. The 5-H protons of 2a-c absorb a t a similar Inspection of models indicates that the fiavindogen- 
field position (r  2 .12 -2 .14). The shift of the aromatic ides may adopt the strainless “sofa” conformation in
5-H  proton downfield arises from the deshielding effect which all the atoms of the heterocyclic ring except C2

of the carbonyl group and is characteristic of flavanone are coplanar. As in the flavanones two conformers are
and flavone systems. possible in which the axial and equatorial bonds at

Compared with the preparation of flavindogenides, the C2 are interchanged, 
condensation of benzaldehyde with 2,2-diphenyl-4-
chromanone (4) requires a lengthy reaction period. / S s
When an ethanolic solution of the chromanone and | j  \___
benzaldehyde was saturated with hydrogen chloride j f a )  ^  \
and worked up after 12 or 24 hr, only starting materials \___ ^ y ^ H (a )  \  \
were isolated. After a reaction period of 4 days a 0  /  c \ / = \
condensation product was obtained in 39%  yield. — /  o '  H ^ V eW  f f
Spectral data and elemental analysis are consistent \ ---------- /
with 2,2-diphenyl-3-benzylidenechromanone (5). In  3 '  / ' y  Hfa)
contrast to the flavindogenides obtained in the conden- X 7

sation reactions, S has a c is  configuration as shown by 6

an nmr signal a t r  3.70 for the B hydrogen. a = as- X = Ar- Y = H
b =  trans-, X  =  H; Y  =  Ar

(T J) An examination of the model of irans-flavindogenides
O f  /= = \  ,^ /C H O  / ==\  shows that in conformation 7b there is severe nonbonded

j " \ __+ f  | L  ll I~"\__v  interaction between an equatorial 2 -phenyl and the
^ (3-phenyl group. Such an interaction is not present in

0  conformation 6 b which has the 2 -phenyl group in the
O V J ?  axial position. Whereas in cyclohexane and related

4  5  structures a large group normally adopts the equatorial
conformation to avoid 1,3 diaxial interaction, in the 

In  view of the results obtained upon reduction of 3- flavindogenides there are no axial groups to interact 
(2 -nitrobenzylidene)flavanone, it seemed of interest to wĵ j1 an axfaf 2 -phenyl.
prepare this compoand and examine its nmr spectrum. Supporting evidence for an axial 2-phenyl group is 
The spectrum of this compound was consistent with a provided from an examination of the long range allylic 
tra n s  configuration since it showed a signal at r 1.70 coupling between the 2-H and B proton. Sternhell,
(assigned to the vinyl hydrogen) and a signal a t t 3.70 e£ a i  is found that the magnitude of allylic coupling de-
(assigned to the 2 nydrogen). Apparently the amino pends on the dihedral angle (<f>) that the C -H  bond of the
compound isomerizes under the mildly acid reduction allylic proton at position 2  makes with the plane of the
conditions which then allow cyclization to occur. double bond. xh e  valuesw are, for 4, =  0 -6 5 °  and

Prior to the synthesis of the as-flavmdogemdes an fo r 0  =  110-180°, «7allylio =  0 -1 .3  cps; for <#. =  6 5 -1 1 0 ° ,
attem pt was made to prepare 3-(2-hydroxybenzyli- t „ , _  1 q_o 1 „„„
dene)flavanone. It was anticipated that the presence
or absence of hydrogen bonding between the hydroyl (15) B. M. PhUbin and T. s. Wheeler, Froc. Chem. Soc. Londoni 167 (1958).
group and the carbonyl group would allow assignment (ie) b . l . shawand t . h. Simpson, j . chsm. Soc., ess (i9ss).
of c is  or tra n s  configuration, respectively. The prod- 1 7 L M Jackman’ and T' M' Spotswood' Aust- J -
uct of the condensation of 2-hydroxybenzaldehyde ( i s )  d .’ j . C o iiin s ,  j . j . H o b b a , a n d  g . s t e m h e i i . M . ,  i s ,  1 0 3 0  ( 1 9 « 3 ) ,

(19 ) G .  R .  N e w s e r o f f  a n d  S .  S te r n h e ll,  U n i v e r s i t y  o f S id n e y ,  p e r s o n a l  

(14 ) S . S te r n h e ll,  Rev. Pure A p p l .  Chem., 14 , 1 5  (1 9 6 4 ) . c o m m u n ic a tio n .
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The nmr spectra of c is -  and irans-benzylidenechro- The Preparation of irans-3-Arylideneflavanones (2 a-c).—The 
manones20 show a doublet for the protons a t C2 ( c is , following procedure for the preparation of irans-3-anisylidene-

-  1.27 cps; irans, -  2 06 cps) ind,eating in 25
that these protons become equivalent by rapid inversion ml of ethanol was saturated with anhydrous hydrogen chloride 
of the two conformers. For the c is -  and b'cms-benzyl- capped, and allowed to stand for 24 hr. The mixture was then
idenechromanones the observed splitting is the average cooled in an ice bath. The solid was removed by filtration and
value of the allylic coupling of the vinyl proton with an washed with 25 ml of cold ethanol giving 27 g (91%) of product.

. , , , % , „ Recrystalhzationfrom 700 ml of ethanol gave 2o g (83%) of pale
axial proton at C2 and with an equatorial proton at C2. yellow crystals, mp 146.5-147.5° (lit.lb 148-149°).

The low value of the allylic coupling constant for the Yield, physical, and spectral data of 2 a-c are recorded in 
irans-flavindogenide (Jaiiyiic = 0.95 ± 0.5 cps) confirms Tables I and II.
that these compounds exist in conformation 6b in which irans-Flavindogenides-f-d 2a-c were prepared by the above 
, i , i  , o • , • i , no procedure from amsaldehyde-l-d26 or benzaldehyde-l-d. 27
the hydrogen at position 2 is equatorial 4> =  2 Photochemical Isomerization of fmns-3-Arylideneflavanones

fu rth er support of conformation 6 is provided by the (2a-c) to c7s-3 -Arylideneflavanones (3a-c).—The following is a 
fact that cfs-2,2-diphenyl-3-benzylidenechromanone (5) typical example of the photochemical isomerization experiments, 
is formed on treatm ent of 4 with benzaldehyde (the Asolutionof5gofirans-3-anisylidene-7-methoxyflavanoneinl00 
Vinyl proton of 5 is found at r  3.70 showing little ^  of benzene was irradiated at room temperature for 12 hr by a 
. n o . i i i re , n i 7  Hanovia 450-W mercury arc lamp contained m an immersible
influence of the deshieldmg effect of the carbonyl group quartz probe. A Corex filter was utilized to screen out radiation
and thus indicates a c is  configuration). W ith two below 260 mM. At the end of a 1 2 -hr irradiation period the
phenyl groups at C2, the steric effect prevents the benzene was removed and a yellow oil was left. The crude prod-
formation of a tra n s  isomer uct was chromatographed over 60 g of silicic acid. The column

TTi • n • i was eluted with benzene and yielded earlier fractions of a yellow
For m-flavmdogemdes there appears to be little oil (3 g) and later fracti0ns which were predominantly trans

steric energy difference between the conformation m isomer. The yellow oil was again chromatographed over 60 g of
which the 2-phenyl group is axial (6a) and that in which silicic acid and eluted with 3:2 hexane-benzene. This procedure
it is equatorial (7a). Models indicate that some non- resulted in a series of fractions which were induced to crystallize,
bonded interaction may exist in 7a between the (3 hy- These f actl0n% ^ e,n °°mbmed and recrystallized from hexane,
drogen and 2-phenyl. The epoxidation reactions of Yields and physical and spectral data of the m-flavindogenides
m-fiavindogenides also seem to indicate an axial are recorded in Tables I and II.
2-phenyl group. 10 However, the allylic coupling con- cts-Flavindogenides-/?-d (3a-c) were prepared from the deu-
stant (1.23 ±  0.5 cps) of lb is very close to the average terat?d ^ an\ isoT Trs by tbe general procedure described abovet \ i -l f> • o t t i t Acid-Catalyzed Isomerization of 3a-c to 2a-c.—A dilute solu-
value (1.27 cps) observed for m-3-benzylidenechro- tion of the cis isomer in ethanol was broughfcto reflux and 1 drop of
manone and suggests that the cis-flavmdogemdes exist concentrated hydrochloric acid was added. The solution was
in both conformations. refluxed for 30 min. On removal of the solvent a solid was left

(>90% yield) which had an nmr spectrum identical with that 
of the corresponding trans isomer. No cis isomer could be de- 

Experimental Section tectedbynmr.
iraras-3-(2-Nitrobenzylidene)flavanone.—A solution of o-nitro- 

Melting points were taken in open capillaries and are uncor- benzaldehyde (1.1 g), flavanone (1.1 g), and ethanol (10 ml) was
rected. Elementary analyses were performed by Alfred Bern- saturated with anhydrous hydrogen chloride. After 48 hr the
hardt Mikroanalitisches Laboratorium, Elbach uber Engels- solvent was removed on a water bath at reduced pressure. The
kirchen, West Germany, Galbraith Laboratories, Inc., Knox- resulting oil was dissolved in 20 ml of hot ethanol and deposited a
ville, Tenn., or in the departmental microanalytical laboratory solid on cooling, 0.3 g, mp 144-156°. Recrystallization from 20
of University College, Dublin. The infrared spectra were deter- mi 0f ethanol gave 0.2 g of a cream colored solid: mp 156-157°
mined with either a Perkin-Elmer Model 337 or Beckman IR-5 (lit.« mp 155.5-156.5°); nmr r 3.7 (singlet, 1 proton assigned to
spectrometer. Ultraviolet spectra were determined either on a 2 H), 1.7 (singlet, 1 proton assigned to ¡3 H), 3.2-2.8 (complex
Perkin-Elmer Model 202 or Bausch and Lomb Spectronic 505 aromatic absorption, 13 protons).
spectrometer. The nmr spectra were recorded on a Varian A-60 2,2-Diphenyl-4-chromanone (4).—Concentrated hydrochloric
or 60A spectrometer using tetramethylsilane (t 10) as an internal acid (37 ml) was added to a refluxing solution of 5.5 g of 2'-
standard. The measurements of the allylic coupling constants hydroxy-/3-phenylchalcone28 in 180 ml of glacial acetic acid. The
of cis- and ¿rans-3-benzylideneflavanones were determined21 as solution was refluxed for 5 hr, cooled in an ice bath, and 300 ml
12% solutions in CDCI3 on an HA-100 spectrometer using de- 0f water was added. The resulting solid was removed by filtra-
coupled scans and were corrected by compensating for incom- tion, washed thoroughly with water, dried, and recrystallized
plete resolution. from 270 ml of hexane. The off-white crystals weighed 4.7 g

The Preparation of Flavanone (la) and 7-Methoxyflavanone (8 6 %), mp 137-138.5° (lit. 28 133-134°).
(lb).—Benzaldehyde was condensed with 2'-hydroxyacetophe- ds-2,2-Diphenyl-3-benzylidenechromanone (5).—A solution of
none (Eastman Organic Chemicals) or 2 '-hydroxy-4'-methoxy- 1 g of 4, 2 ml of benzaldehyde, and 3 ml of ethanol was saturated
acetophenone22 in ethanol in the presence of 50% sodium hy- at room temperature with anhydrous hydrogen chloride, sealed,
droxide solution to form the respective chalcones as previously and allowed to stand for 4 days (previous reaction periods 12 and
described. 23 The 2'-hydroxychaleone was obtained as yellow 24 hr had resulted in recovery of only starting material). The
needles in 78% yield, mp 87-89° (lit. 23 mp 88-89°). The 2'- dark-colored reaction mixture was taken up in 100 ml of ether
hydroxy-4'-methoxyflavanone was obtained as yellow needles in and washed successively with water, 5% sodium carbonate solu-
65% yield, mp 107.5-108.5° (lit.24 mp 105°). The chalcones tion, water, 15% sodium bisulfite solution, and water. The
in turn were converted to the flavanones by ring closure in ether was evaporated leaving a yellow oil which was dissolved in
dilute aqueous sodium hydroxide as previously described: 25 20 ml of refluxing ethanol. The solution furnished 0.65 g
la, white needles (92% yield), mp 74-76° (lit..26 76°); lb, (50%) of solid, mp 173-184°, upon cooling. The solid was re­
white plates (64% yield), mp 88-89° (lit.24 mp 91°). crystallized from 50 ml of ethanol and gave 0.5 g (39%) of yellow
-------------  crystals, mp 190-191°. The infrared spectrum (CCL) shows

(20) M . Bennett, University College, Dublin, Ireland, personal oommuni- significant absorptions at 1680 (C=0) and 1605 (C=C) Cm-1,
cation. The nmr spectrum (CDC13) has signals at r 2.23 (pair of doublets,

(21) The authors are grateful to Professor S. Sternhell for determining the -------------
allylic coupling constants. (26) D. Seebach, B. W. Erickson, and G. Singh, J. Org. Chem., 31, 4303

(22) R. Adams, J. Amer. Chem. Soc., 41, 247 (1919). (1966).
(23) W. Feuerstein and St. von Kostanecki, Ber., 31, 715 (1898). (27) A. Streitwieser, Jr., and J. R. Wolfe, J. Amer. Chem. Soc., 79, 903
(24) St. von Kostanecki and M. L. Stoppani, ibid., 37, 1180 (1904). (1957).
(25) K. Freudenberg and L .  Orthner, ibid., 5 5 , 1748 (1922). (28) A. Schonberg and E. Singer, Ber., 94, 241 (1961).
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1 , j  = 2 and 8 cps, 5 H), 2.32-3.33 (m, 18, Ar H), and 3.70 3-(2-Acetoxybenzyl)flavone.—A solution of 0.5 g of 3-(2-
(s, 1, 5 H). hydroxybenzyl)flavone, 3 ml of acetic anhydride, and 2 drops

’Anal. Calcd for C28H20O2: C, 86.57; H, 5.19. Found: of phosphoric acid was refluxed for 5 min and then poured into
C 86.44' H 5.39. 5 ml of water. An oil separated which soon solidified. An addi-

3 -(2 -Hydroxybenzyl)flavone—A solution of 0.5 g of flavanone tional 50 ml of water was added, and the solid was removed by
in 1 ml of salicylaldehyde was saturated with anhydrous hydrogen filtration and washed thoroughly with water. The solid was re­
chloride, stoppered, and allowed to stand for 24 hr; 3 ml of meth- crystallized from 20 ml of ethanol and gave 0.4 g (71%) of small
anol was then added. A crystalline solid separated. Recrystal- white crystals, mp 143-144°. The infrared spectrum (CCh) has
lization from ethanol gave 0.4 g (55%) of fine off-white crystals, characteristic absorptions at 1770 (CH3C=0), 1650 (C=0), 1625
mp 200-201°. The ultraviolet spectrum (EtOH) has X„„ 307 (C=C), and 1215, 1198 cm 1 (=COC- and -COC=0). The
mu (e 11, 600), 283 (13,800), and 241 (21,800). The infrared ™  spectrum (CDClj) has signals at r 1.82 (perturbed pair of
spectrum (CCh) shows significant adsorptions at 3100 (bonded doublets, J  = 7.5 eps, 5 H, wt 1), 2.42-3.16 (complex multiplet,
OH), 1640 (0=0), 1615 (C=C), and 1230 cm’ 1 (=COC-). Ar E, wt 12), 6.12 (singlet, CH2, wt 2), and 7.87 (singlet, CH.CO,
The nmr spectrum (CDC1S, very dilute owing to insolubility) wt3).
has signals at r 0.3 (singlet, bonded OH, wt 1), 1.65 (perturbed Registry N o.— 2a, 24467-41-2; 2b, 24467-42-3; 2c, 
pair of doublets, J  =  8 cps, 5 II, wt 1), 2.0-3.1 (complex multi- 24467-43-4 ; 3a, 24467-44-5; 3b, 24467-45-6; 3c,
plet., Ar H, wt 12), and 6.07 (singlet, CH2, wt 2). In deuterated 24467-46-7; 5, 24467-47-8; ¿rans-3-(2-nitrobenzyli-
dimethyl sulfoxide the signal at 0.3 is missing and is replaced by dene)flavanone) 24467-48-9; 3-(2-hydroxybenzyl)fla-

aT S U clLdaforC22H1608: C, 80.47; H, 4.91. Found: C, vone, 24467-49-0; 3-(2-acetoxybenzyl)flavone, 24467-
80.29; H, 5.11. 5°-3-
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The reaction between 0-carotene and molecular oxygen in toluene at 60° was investigated. A linear relation 
was found between the loss in /3-carotene and time. The reaction rate increased with increasing temperature.
The activation energy, Ea, for the oxidation of /3-carotene was found to be 10.2 kcal/mol. Though free-radical 
initiators caused rate enhancement, the kinetics of the reaction and the light absorption characteristics of the 
reaction solution were altered. This indicated a difference in -he mechanism of the reaction in the presence of 
free-radical initiators. The rate of loss of /3-carotene was increased in the presence of cupric ions and decreased in 
the presence of diphenylamine. The products of the reaction were /3-carotene 5,6-monoepoxide and its isomer,
/3-carotene 5,6,5',6'-diepoxide, and /3-carotene 5,8-monoepoxide and its isomer, /3-carotene 5,8,5',8'-diepoxide.
A reaction mechanism was proposed.

In  view of the fact that the oxidative reactivity of of such a space-requiring transition state would favor
the 3-carotene molecule may be influenced by both an those sites of least steric hindrance. These might
electronic factor and a stereochemical factor, as was give the most stable transition state even though these
suggested by Zechmeister, et a l ,2 the size and reactivity sites may not be the centers of the highest electron
of the oxidizing agent would be expected to play a pre- density.
dominant role. The reaction site would not only be a Oxidation of /3-carotene with molecular oxygen has 
function of the inherent reactivity (electron density) two unique characteristics. (T) Owing to the smaller
of the /3-carotene molecule but also a function of the size of the oxygen molecule, steric hindrance is not
size and reactivity (stability) of the attacking reagent. important. (2) Owing to the relative unreactivity
This is shown by the results of the oxidation reactions of the oxygen molecule compared with peroxy radi-
of d-carotene in the presence of the various metal oxides cals, the competitive reactivity between different car-
(and metal oxide catalysts)3-6 and by peroxides alone bon atoms could be retained.
or with enzyme catalysis.6-8 The oxygen in metal The oxidation of /3-carotene with molecular oxy- 
oxides or in the form of peroxy radicals is in an activated gen may therefore reflect the inherent reactivity of
(reactive) state and thus might nullify the inherent the /3-carotene molecule. Also, the reaction of /3-
differences in reactivities in the various parts of the carotene with oxygen could illustrate the mechanism of
3-carotene molecule. From  a stereochemical consider- the uncoupled enzymatic oxidation of 3-carotene in
ation oxidation with metal oxides, for example OsCh v iv o 10 by way of model systems,
and H 2O2 or K M n 0 4, involves the transitory formation _  , _ .
of a five-membered intermediate.» The formation Results and DlSCUSS10n

The rate of loss of 3-carotene is shown in Figure 1.
( 1 )  F a c u l t y  o f A g r ic u ltu r e ,  U n i v e r s i t y  of K h a r t o u m , K h a r t o u m  N o r th ,  A Straight line passing through the Origin WaS obtained.

S u d a n . This indicates an overall zero-order reaction kinetics.
(2) L .  Z e c h m e is te r ,  A .  L .  L e  R o s e n , W . A .  S c h r o e d e r , A .  P o lg a r ,  a n d  L .  T h . U S  

P a u lin g ,  J .  Amer. Chem. Soc., 6 5 , 19 4 0  ( 1 9 4 3 ).

(3) (a) B. A .  G r o s s  a n d  R .  W .  M c F a r la n e ,  Science, 1 0 6 , 3 7 5  ( 1 9 4 7 ) ;  (b) 0-earotene + 02 [0-carotene • 02] *
P .  M e u n ie r ,  C. R. Acad. Set., Paris, 2 3 1 ,  1 1 7 0  ( 1 9 5 0 ). J

(4) P .  K a r r e r  a n d  L .  S o im s s e n , Helv. Chim. Acta, 2 0 , 68 2  ( 1 9 3 7 ) .  A
(5 ) P .  K a r r e r ,  L .  S o im s s e n , a n d  T .  G u g e t m a n n ,  ibid., 20 , 10 2 0  ( 1 9 3 7 ) .  *

(6) R .  F .  H u n t e r  a n d  N .  E .  W illia m s , J .  Chem. Soc., 5 5 4  ( 1 9 4 5 ) .  p r o d u c t s

(7) P .  K a r r e r  a n d  E .  J u c h e r , Helv. Chim. Acta, 2 8 , 4 2 7  ( 1 9 4 5 ) .  d(P) , , , H I *

(8) M .  E la h i,  P h . D .  T h e s is ,  U n i v e r s i t y  o f  N e w  S o u th  W a le s ,  K e n s in g t o n ,  “dT = *obsd = Ip-Carotene ■ U2J
N .  S .  W .,  A u s tr a lia ,  1 9 6 7 . ---------------------------

(9) R .  W ib e r g  „ n d  K .  S a e g e b a r th , J .  Amer. Chem. Soc., 7 9 ,  2 8 2 2  ( 1 9 5 7 ) .  (10 ) D .  S .  G o o d m a n ,  Amer. J .  Clin. Nut., 2 2 , 9 6 3  (19 6 9 ).
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%  L O S S  The activation energy reported 1 1  for the autoxidation
of linoleic acid is 15.2 kcai/mol and 17.2 kcal/mol for its 

10 - ethyl ester. Thus the activation energy for the oxida­
tion of 3-carotene is 5.0 kcal lower than that of the 
free acid and 7.0 kcal lower than that of the ester, 

y  The low activation energy for the oxidation of 3-
/  carotene indicates that this reaction is more favored

than the autoxidation reaction of linoleic acid. This 
/  difference in reactivity, however, can be attributed to

/ 0  the greater stability of an allylic (carbon 4) radical in
/  the /3-carotene molecule, which is stabilized over 11

/  double bonds compared with only two double bounds
/  in the linoleic acid and ester. The possibility for the

5 - y  formation of an allylic radical and hence a free-radical
/  mechanism for the destruction of /3-carotene by oxygen

/  remains open.
/  To further investigate the possibility of free radical

o /  participation in the oxidation of /3-carotene, the reac-
/  tion was run in the presence of catalytic amounts of

/  free radical initiators. N-Bromosuccinimide (NBS)
/  is a specific reagent for the preferential production of

/  allylic radicals12 v i a  a free-radical chain mechanism.13’14
/  Thus

/ ................................................................ NBS Oj R.H
K ------- ------- ------------------------------- — RH — >- R- (carbon 4) — >■ ROO - — >■ ROOH — >  products
0 60 120 180

-p I. .  p / • , \ When the data obtained in the presence of 2 X  10
m I n U e S ) ^  y(_bromosuccjnjmide js plotted as per cent loss in

Figure 1.—-Degradation of /3-carotene with oxygen. Rate of /3-carotene against time in minutes, a straight-line
loss of /3-carotene. relationship is obtained with a positive intercept. The

ratio of fcobsd(NBS)/fc0 bsd(control) =  6.5. fcobsd(NBS)
, ,  ., , . , , r  . ., , , , is the observed rate constant for the oxidation of 3-The slope oí the straight line is the observed rate con- . . ,, „ , x u • ■ ■, ,, F & carotene in the presence of N-bromosuccimmide and

s an obsd- . . , , fcobsd (control) is the observed rate constant for the oxi-
The overall zero-order kinetics must mean that the ,° , • s a í -n i „, r ,, . .• dation oí 3-carotene with oxygen alone. JLnus therate of the reaction is independent ot the concentration . . . .  7 „ , . t  AT,____ _r  , rpi oxidation of /3-carotene in the presence ot N-bromosuc-of 3-carotene in the presence ot excess oxygen, the r  ,. , , ,, ,, , ,T . , a  , ,, , cimmide is 6.5 times taster than the control,reaction between oxygen and 3-carotene may go through T., 6  . . .  . t a ■ I f  the oxidation in the presence ot N-bromosuccmi-

an activated dipole association complex, formed m a n  ^  dg the formation of an allylic radi-
equihbrium step. This activated complex may then ((¿ bon 4) then ft  would be expected that the rela-
decompose into products or go back to free oxygen and ^  reactiyi¿ g of ^.carotene and a v itamin A deriv-
p cam ene. , ,, . , , ative would be similar. When the loss in vitamin A

I t  is important to notice that there is no lag phase, , , , , , , , , . ,  ,• • „r. . . . / , . ,, , . ,  ,. , , , °  j  ., ’ acetate brought about by oxidation m the presence otwhich is observed in the autoxidation ot tats, and that . . f  , . , . Q T 1  jA • N BS is plotted against time, a curve is obtained andthe reaction is not autocataiytic; that is, there is no ,. . 1  r ,, y , . ,,. . . .  . ,. . , J , j  the slope of the tangent gives the observed rate con-
buildup of a reactive intermediate that decomposes »  ratio of %ohJ ^ r o t e n e  +  NBS)/fcobsd(vi-
mto species that will further catalyze the reaction. tamin A acetate +  NBS) =  1.4. Thus 3 -carotene is

In  order to obtain information about the energetics more ^  vitamin A acetate. This
of the reaction between 3 -carotene and oxygen the ^  * attributed to the extra six doub]e bonds in 
effect of temperature on the reaction rate was studied. rotene which w i ] 1  ticipate in the stabilization
The reaction rate constants, /cobsd, determined at bt),  ̂ .. ,

in ’ V9310X  210^h n s12thXe T ^ l g h  uTe of N-bromosuccinimide results in rate
10 > /® ,54 X  10 .’ and 14'° ^  X  10 .' d h  * enhancement, the reaction is accompanied by a shift
rate of the reaction increases with increasing tempera- (g ^  q {  the oyera]1 absorptiorl spectra  of the 3-caro-

tuI Ie;, x, . ... , ., , . . „ , .. , tene reaction mixture to longer wavelengths, loss of
When the logarithms of the rate constant are plotted fine gtmctu and finall the reduction to a single

against the reciprocal of the absolute temperature, a
straight line relationship is obtained. From the slope pe^ b h tMs b itself g i v e 3  evidence for the incorpor- 
of the line and using the relationship ation of oxygen at tbe 4  and/0r the 4 ' positions as

carbonyl groups and thus lengthens the conjugated 
log k  =  - E J 2 . Z R T  chain, this behavior is not observed in the oxidation of

3-carotene with oxygen alone. Further, on examination
where k  =  the rate constant, F a =  activation energy,
R  =  the gas constant (1.987 cal/m ol), and T  =  the a n  J;  andig . Gee 5 fj»™*« a » ..« ,  as® (im®.

_ _ 0  , \  • -1 (12) A. Woh], Chem . B er ., 52, 51 (1919).
absolute temperature, the activation energy is cal- (13) G Bloomfield, j . Chem. soc., iu  (1944). 
culated to be 10.20 kcal/mol. (ii) D. H. Heye, A m u . Rept. Progr. Chem., 41, 184 (1944).
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of the reaction products in the absence of NBS, no %  L O S S
4-keto-0-carotene or 4,4'-diketo-0-carotene could be
found. Petracek and Zechmeister1 5  obtained these /
compounds by oxidizing /3-carotene with NBS. The J
evidence is therefore that the reaction catalyzed by ' /
N BS is quite different from that brought about by 3 0  ’ /
oxygen alone and that the 4,4' positions are probably /
not the sites of oxygen attack. /

This is confirmed by the use of azobisisobutyroni- /
trile (AIBN) as an initiator. Compared with N BS, /
A IBN  is an efficient free-radical initiator and does not /
bring about side reactions. With catalytic amounts 20  - p
of AIBN , Figure 2 , rhe initial rate of loss of /3-carotene /
increases continuously with time, indicative of a chain /
process not observed in the oxidation of /3-carotene with /
oxygen alone. Furthermore the destruction of ¡3- /
carotene in the presence of A IBN  is subject to catalysis /
by stearic acid. In  the presence of (2 X  10 ~ 3 M ) /
stearic acid (molar ratio of /3-carotene: A IB N : stearic 1 0  /
acid 1: 1: 10)  the rate of loss of /3-carotene increased by cr
a factor of 2.5. The effect of stearic acid might be a /
dilution effect retarding the recombination between /
radicals to form nonradical species. Thus /

CHa CHs CHa Q .......................................................
CH3—C—N=N—(i—CH3 -— 2CH3—C- + N2 0 40 80 120

cn cn cn TIME (minutes)
Figure 2.—Effect of azobisisobutyronitrile (2 X 10-4 M) on

CH3 CH3 IIC3 CH3 rafe of loss of /3-carotene.
I I ii I I

CHa—C. + CHa—C---->- CH3—C—C—CHa
¿ N ¿ N N(l  ¿ N ylamine might decompose the /3-carotene-oxygen asso­

ciated complex.
Reaction ii is subject to dilution effects. reacti°n between /3-carotene and oxygen is

If the oxidation of /3 -carotene does not occur through subject to metal ion catalysis. Cupric stearate causes
hydrogen abstraction at the 4 ,4 ' positions, then the a rate enhancement of 4.3-fold. Cupric ions presum-
activation energy of 10.20 kcal/mol is too small and ab ^ stabilized the association between /3-carotene and
hence would exclude any such process occurring for 0 Xi,?en' , .
all other hydrogens in the molecule. That is to say, products of the oxidation of /3-carotene are shown
the oxygen molecule does not attack a preformed free in. Table L . Tentative identification is given together 
radical or assist in hydrogen abstraction to form one. with the evidence for the identification.
The possibility, however, remains that the process might predominant lormation of epoxides is further
involve (a) the addition of the oxygen molecule across evidence that the initial site of the oxygen attack on 
a double bond in a single step (this is unlikely because d-carotene molecule occurs at the terminal double
it will result in higher reaction order kinetics) or (b) bonds\ This is in agreement with the predictions of
the activation of the oxygen molecule through electron b̂e oxidation of a conjugated system, since in a con­
donation in a process possibly involving a dipole asso- iuSat0d system the highest electron density is found
ciation product. in the terminal double bonds, with a progressive de-

To obtain more information about the nature of Potion of electron density as the central double bond
such association between oxygen and a double bond in 1S aPProached. I t  is therefore reasonable that reac-
/3-earotene the effect of free-radical inhibitors on the tions requiring high electron density would occur at
reaction was studied. The addition of such inhibitor, tbe terminal double bonds.
diphenylamine in excess (molar ratio of ten diphenyl- Central Bond Cleavage. As has been mentioned 
amine to one /3 -carotene), after allowing the reaction before, 0 -carotene and a number of carotenoids are
to proceed for 80 min, completely stops the loss of converted into vitamin A in the animal body. In  the
0-carotene. I f  the reaction is initiated in the presence mechanism of the conversion of 0-carotene into vitamin
of 2 X 10 - 4 M  diphenylamine a lag phase (22 min) is A’ the most obvious expectation is that in  vivo this
introduced and the rate is reduced by 48% . This be- takes Place bY a hydrolytic fission of the 0 -carotene
havior in the presence of diphenylamine indicates the molecule as follows,
presence of free-radical character in the associated com­
plex. This is further evidence against addition of /3-carotene +  H20  >■ 2(vitamm A)
ox3 ^gen across a douole bond in a single step. Diphen-

However, the absence of any evidence for such a 
(15) F. J. Petracek and L. Zechmeister, J .  A m er. Chem . Soc., 78, 1427 hydrolytic fission and the failure of all attempts to

(1956)- bring about such a conversion in  vitro makes the case
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Table 1  this process implies that the reaction site is the central
R i V a l u e s  of B ands S epa r a ted  from  Ox id a tio n  of double bond, and regardless of the mechanism of the

/3-Ca r o t en e  w ith  Ox y g e n  ( T im e , 60 m in ) reaction the enzyme system would have to accomplish
'----- Ri----- - Color this conversion at the position of least electron density,

Compound ^ 3° aoeto g6"  gJJ that is, the least reactive double bond. The informa-
0-Carotene 0.94 0.97 No color Hon obtained from the degradation of /3-carotene with
0-Carotene 5,6-monoepoxide 0.88 0.93 Blue oxygen shows that direct cleavage of a double bond is
0-Carotene 5,6-monoepoxide isomer 0.82 0.93 Blue an energetically feasible process (10-20 kcal/mol) at
0-Carotene 5,6,5',6'-diepoxide 0.77 0.90 Blue those sites with high electron density, namely the ter-
0-Carotene 5,8-monoepoxide 0.42 0.47 No color minal double bonds. Therefore, it appears that the
0-Carotene 5,8-monoepoxide isomer 0.40 0.47 No color function of the enzyme system in the enzymatic oxi-
Polyene carbonyl 0.37 0.38 No color dative cleavage of /3-carotene must be to minimize or
0-Carotene 5,8,5',8 '-diepoxide 0.34 0.30 No color oppose the electron density depletion from the center

(i) 0-Carotene of the molecule.
(a) Decreased Ri value
(b) Epiphasic in phase test . .
(c) Spectral properties: maxima (in hexane) at 475, 446, Experimental Section

and 423 m̂  corresponding to the recorded spectrum Materials. Chemicals.—All-irons crystalline 0-carotene was
of Tsukida and Zechmeister:“ 475, 446, and 423 mji a gift from Hoffmann-La Roche. All-irons vitamin A acetate

(ii) 0-Carotene 5,6-monoepoxide isomer was a commercial material. Cupric stearate, N-bromosuccin-
(a) Decreased Rt value amide, and azobisisobutyronitrile (AIBN) were commercial ma-
(b) Epiphasic in phase test terials. AIBN was recrystallized from methanol, mp 105-106°.
(c) Spectral properties: maxima (in hexane) at 473, Diphenylamine was recrystallized from petroleum ether, mp

444, and 423 mji - , , , . . .  . . .., Solvents.—Petroleum ether refers to the fraction which
(m) 0-Carotene 5,6,5 6  -diepoxide distMed at 60-80°. Toluene analytical reagent, bp 110, was

(a) Decreased Rt values used. Spectroscopic grade n-hexane was used for spectral deter-
(b) Epiphasic m phase test minations.
(c) Spectral properties: maxima (in hexane) at 468, Adsorbent.—Aluminium oxide thin layer chromatography

440, and 417 mn (Tsukida and Zechmeister:6 470, plates were obtained from Brinkmann Instruments Inc., N. Y.
440, and 417 m¿i) Absorbent thickness was 250 ¡i. Neutral alumina supplied by

(iv) 0-Carotene 5,8-monoepoxide Baker Chemical Co. of N. J. was used for chromatography.
(a) Decreased Ri value Methods.—Spectra were measured using silica cells on a Cary
(b) Epiphasic in phase test recording spectrophotometer Model 14
) . „ , , . ,. , , , . . .  Partition Test.—Partition tests were done by shaking a hexane(c) Spectral properties: maxima (in hexane) at 450, solutk)n ^  ^  equal vdume of 95% methanol and determining

427, and 404 m/i (Elahi. 451, 426, and 440 m/i) the ratio of the concentrations in hexane by estimating (spec-
(v) 0-Carotene 5,8-monoepoxide isomer trophotometrically at Xmax) the concentration remaining in

(a) Decreased Ri value hexane.
(b) Epiphasic in phase test Oxidation of 0-Carotene.—0-Carotene (5 mg) was dissolved in
(c) Spectral properties: maxima (in hexane) at 448, 427, 50 ml of toluene. The solution was incubated in a thermostat at

404, and 500 m/x. The 427mM peak is indicative 60° in the dark. A slow stream of oxygen was passed through
of the 5 8-epoxide the solution. Samples were withdrawn at regular time intervals

( ') Polvene carbonvl' and *̂ e concentration of the residual 0-carotene was determined
V̂1' , . _ Jn  . spectrophotometrically at the wavelength of maximum absorp-

a Decreased Rvalue tion, 464 mM.
(b) Epiphasic in phase test Identification of Major Reaction Products.—The reaction mix-
(c) Spectral properties: single peak at 378 mn (in hexane) ture wag appped under a stream of nitrogen along a straight line

(vii) 0-Carotene 5,8,5',8'-diepoxide on an alumina thin layer plate (250-m/x thickness) about 3 cm
(a) Decreased R i value from the bottom. Drying was completed under a stream of
(b) Mainly epiphasic in phase test nitrogen. The chromatogram was developed by the ascending
(c) Spectral properties: maxima (in hexane) at 426, technique empolying one of the following systems: (1) 1%

401, and 381 m/t corresponding to the recorded acetone in petroleum ether, (2) 3% acetone in petroleum ether,
spectrum (Elahi:6 426, 401, and 381 mM) and j3> f% acetone in petroleum ether. The chromatogram ̂ . , was developed until the solvent front reached a distance of 15

a K. Tsukida and L. Zechmeister, Arch. Biochem. B tophys74, cm from the applied mixture. Bands were removed from 
408 (1958). partially dry chromatograms, extracted with acetone, and re­

chromatographed for better separation. The R i values were 
for this mechanism doubtful. Clover, et aZ. , 16 ad- measured from the center of the band.
ministered vitamin A aldehyde orally and parentally After removal from the plate, bands were again extracted with. . . , -i , , , J j r I .-, , .r  acetone and the solvent was evaporated to dryness under reduced
to vitamin A depleted rats and found that it was eon- pressure at low temperature while the products were protected 
verted to vitamin A in the gut wall. This suggested from exposure to light. The absorption spectra were obtained
that the transformation of /3-carotene to vitamin A in  after redissolving the products in spectroscopic hexane.
vivo is more likely achieved by oxidation of /3-carotene
to vitamin A aldehyde, which is then rapidly reduced to Registry No.—-/3 -Carotene, 116-32-5.
vitamin A, rather than by hydrolytic fission. Further,
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Imperatorin, bergapten, isobergapten, pimpinellin, and 6-isopentenyloxyisobergapten have been isolated from 
the extracts of Angelica genuflexa Nutt. (Umbelliferae). Mild acid hydrolysis of 6-isopentenyloxyisobergapten 
gave 6-hydroxyisobergapten, which was in turn converted by methylation into pimpinellin. 6-Hydroxyisober- 
gapten was correlated with isopimpinellin through the quinone (14), hydroquinone (15), and 5,8-dibenzyloxy- 
psoralen (16) followed by methylation and rearrangement. These correlations ar.d spectroscopic considerations 
establish the structure as 6 -isopentenyloxyisobergapten. Fruit of A. genuflexa collected the following season 
gave only ( + )-oxypeucedanin. Oxypeucedanin (17) was converted into the episulfide (2 0 ) and trithiocarbonate 
(21). ORD and CD studies on 21 establish the absolute configuration of 17 as R.

The extractives of Angelica genuflexa Nutt. (Um- structures, 7 or 8 , for the natural coumarin and 9  or 1 0

belliferae) have been the subject of a previous study for the dealkylated phenol respectively,
by Nikonov and coworkers. 1  They reported the iso­
lation of imperatorin and two other new furocoumarins, OCH3

genufline, C i6H i4 0 4 , mp 70-72°, and genuflinine, Ci6- R 0  I
Hx60 6, mp 132°. The present study has resulted in 
the isolation of a new angular furocoumarin, as well as
imperatorin (2), bergapten (1), isobergapten (3), \ T  0

pimpinellin (4), and (-f-)-oxypeucedanin (17), from
A . genuflexa. 7, R = -CH2CH=C(CH3)2

9, R = H

f  f  O R  " ' H- AC OH

O n f x  r’t V si h*
°  0  (\ ^ J  0  °

1, Ri = CH3O-; R2 = H 3  R, = CH„0~ R — R OCH3

2, R, = H; R2 = -OCH2CH=C(CH:j)2 4 , R1 = R2 = CH30 -  8, R = -CH2CH=C(CH3)2 12
/O x  5, R, = R2 = H ’

17, R, = -OCH2CH—C(CH3)2; R2 = H 6, R, = H; R, = CH30-
OH OH The presence of an isopsoralen system was shown

1 j chemically by methylation of the phenol to give pim-
18, R, = -OCH2CH C(CH3)2; R2 = H pinellin (4). The phenol formed a monoacetate, whose
19, R1 = -OCH2COCH(CH3)2;R2=H uv spectrum was similar to that of isobergapten and

unlixe that of sphodin (6 ) . 4 An acetoxy group is
20, R,=-OCH2CH C(CH3)2;R2 = H generally considered to cause the uv spectrum of the

§ acetate derivative to be similar to that of the derived
unsubstituted hydrocarbon . 5  This strongly supports 

f  structure 9 for the dealkylated phenol and thus 7 for
21, R2 = -OCH2CH— C(CH3)2; R2 = H the natural coumarin.

. The dealkylated coumarin was recovered unchanged
The new coumarin, mp 95-96 , analyzed for C 1 7- after treatment with base and acidification, indicating

HieCb. Its  uv spectrum was similar to that of iso- that a change from an angular furocoumarin to the
bergapten (3) and pimpinellin (4 ) , 2 indicating that the linear analog, 12, allowed by structure 10 had not taken
compound was an isopsoralen (5) derivative. The place . 6 This provides further permissive evidence
nmr spectrum showed resonances for H-3 and H-4 of a for structure 9
coumarin lactone ring, one methoxy group, a fused Distinction between structures 9  and 1 0  was finally 
Rran anc an 1S0Pentenyl group. The chemical shown chemically by correlation with isopimpinellin 

shift of the methylene doublet of the isopentenyl group ( 1 3 ). Isopimpinellin (13) or imperatorin (2 ) was oxi-
m mated that it was attached to an ether oxygen atom dized to the quinone (14) which was in turn reduced
rather than directly to a benzene ring . 3 The presence to the hydroquinone (15) by published procedures. 7

of an isopentenyl ether group was shown chemically To block the free phenolic groups, the hydroquinone
by mud acid hydrolysis. A phenolic product was ob­
tained, which corresponded to loss of the isopentenyl (4) T- R- Seshadri and M-s- Sood, j . i n i .  Chem. Soc., 3 9 , 539 (1962) ; 
group. These results are consistent with two possible Furopyrones''’ Interscience PubUshers' Inc"

. p v  . (5) H. Brockmann, E. H. F. Falkenhausen, R. Neeff, A. Dorlars, and G.
4 *' 1  ;^ o t\Nl̂ 0n0V’ N' Rodian’ and M- G‘ pimenov, A ptechn. D eio, Budde, C hem . Ber., 84, 865 (1951); H. Brockmann, F ort. Chem . Org. N atu r-  

CherH: i bS~ "  62',815 (i965)- stu# e - 14> 141 PaSD; A. I. Scott, "Interpretation of the Ultraviolet Spectra
j  V. D. Desai, T. R. Govmdachari, K. Nagarajan, and N. Viswanathan, of Natural Products," The MacmiMan Co., New York, N. Y„ 1964, p 294.

B- 41 C 9 Q 7 ) .  (6) C f  E  g paeth and L  g ocias B e r  D e u t  C h e m  G e s  '  67> 59 (1934).
(d) Compare with nmr data on other isopentenyl substituted furocou- (7) M. E. Brokke and B. E. Christensen, J .  Org. C hem .. 24, 523 (1959) ;

mann: D. L. Dreyer, J .  Org. Chem ., 33, 3574 (1968); Tetrahedron, 22, 2923 see also E. A. Abu-Mustafa, B. A. H. EI-Tawil, and M. B. E. Fayez, In d .
(1966); Phytochem istry, 5, 367 (1966). J ,  Chem ., B, 283 (1967).
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(15) was converted into its dibenzyl ether (16). This of absolute configuration in this class of extractives be 
allowed selective methylation of the lactone hydroxy used as a chemotaxonomic indicator? 
group under basic conditions with dimethyl sulfate and The availability of substantial amounts of 17 from 
aqueous base. Acid-catalyzed removal of the benzyl this work permitted studies to be undertaken designed
groups and concurrent lactonization gave the desired to determine its absolute configuration. Trithio-
isobergapten derivative (9) in low yield, identical by carbonates are optically active chromophores which
spectroscopic criteria and tic with that obtained from have low intensity adsorptions near 430 m/z. 11 The
the natural material. preparation of trithiocarbonates from epoxides with

p o t a s s iu m  m e t h y l  x a n t h a n a t e  p r o c e e d s  t h r o u g h  t h e  

O C H 3 0  e p i s u l f i d e  a n d  in v o l v e s  t w o  i n v e r s io n s  s o  t h a t  t h e  s t e r e o -

I I  c h e m i s t r y  o f  t h e  t r i t h i o c a r b o n a t e  p r o d u c t  is  t h e  s a m e

/ Y V ^  Cr03 / ^ Y iT ^ I  sO;_ a s  t h e  s t a r t i n g  e p o x i d e . 12

\ / \ A ( A  *" I t  is generally accepted that the chirality, or sense
j u ' | 0  of twist, of the heterocycle ring is the major factor

OCH3 0  in determining the sign of the Cotton effect in trithio-
13 14 carbonates18' 14 and the magnitude of the Cotton effect

OR T OCH2Ph 1 depends on the amount of twist of the ring. The posi-
I tion of substitutents on the ring has relatively little

(ch;!)2so4i 9  effect on the sign of the Cotton effect. If the chirality
N o A ^ k o A o  0ir COO- is positive, a positive Cotton effect would be predicted

I J  OCR, and correspondingly a negative chirality leads to a
15 R - OCH2Ph _ negative Cotton effect. In  bicyclic systems the chir-
16 R -  PhCH -  ality, or sense of twist of the trithiocarbonate ring, is

2 determined by the stereochemistry of the ring juncture
and preferred conformations of the system in those

E xtracts of fruit from the following season gave cases where flexibility exists . 14 

quite different results. The major product, mp 101- Trithiocarbonates of open-chain systems might be 
102 , [a]D + 1 1 .1  was obtained in good yield. Its expected to be nearly planar. However, twisting of
uv spectrum was superimposable on that of bergap- the heterocycle ring would result in relief of the eclipsing
ten. The nmr spectrum showed a one-proton aromatic interactions of the groups on the ring. Relief of these
singlet as well as two sets of AB doublets assignable eclipsed interactions by rotation about the C -C  bond
to H-3 and H -4, and a fused furan ring in a psoralen will cause twisting of the trithiocarbonate ring. The
system. The remaining resonances were consistent sense of twist will depend on the absolute stereochem-
with a 2', 3'-epoxyisopentyloxy system. These data istry of the starting system. Newman projections of
are consistent with structure 17, (+)-oxypeucedanin, the two possibilities are shown in 22 and 23. For
for the coumarin . 8’ 9 case 2 2  a positive Cotton effect would be predicted

Chemical evidence for the presence of the epoxy group an(i a negative Cotton effect for 23. 
was obtained by acid catalyzed hydrolysis. Two prod­
ucts were obtained, after chromatography on alumina. CH3 CH3 CH2— 0 —
One was the expected 1,2-diol (18), oxypeucedanin J^C=S
hydrate, and the other was the known 2'-oxo deriv- H— (—■\ Y ~ °  H'— <Q—
ative (19), isooxypeucedanin .8' 9 The new coumarin \ / c==s
found in this study differs both in analytical and physi- CH3 CH2— 0 —  Clh S '
cal properties from those reported for genufline and 2 2  (+ Cotton effect) 23 ( -  Cotton effect)
genuflinine. On the other hand, no evidence for the
presence of genufline and genuflinine in A . g en u flex a  After treatm ent of oxypeucedanin (17) with potas- 
was found in this study. sium methyl xanthanate it was possible to isolate,

Extractives with isopentenyl side chains are widely after chromatography, both the episulfide (20) and 
distributed in the Umbelhferae and Rutaceae. Many trithiocarbonate (2 1 ). The ORD and CD curves of the
of these isopentenyl extractives occur epoxidized, as trithiocarbonate (2 1 ) showed the usual pattern for
1 ,2 -diols or ring closed to isopropyldihydrobenzofurans. guch compounasu.i3 with a positive Cotton effect at
These extractives are, with a few exceptions, optically 4 4 3  mfX foilowed by a negative Cotton effect at 322
active. The absolute configuration of the isopentyl Thege data would indicate that ( +  )-oxypeu-
derivatives is known m only a few cases. 1 0 The stereo- cedanin hag the R  configuration. Chemical studies
chemical relationships between the different types of recentiy reported by Nielsen and Lemmich1 5  on oxy-
extractives in the plant are not known; e .g ., does oxide peUcedanin hydrate also lead to the R  configuration,
ring opening to the diol occur with retention or inver­
sion of configuration in the plant? The absolute con- _ . T. Ui „  „  , „  _ . ,
_ P  , , , » . . . (11) C. Djerassi, H . W olff, D . A. L igh tner, E . Bunnenberg, K . Takeda,
figuration of such extractives might also be ot interest T Komen0i and K_ K uriyam a, T e tra h e d ro n , 19, 1547 (1903).
from a chemotaxonomic standpoint. Can the concept (12) C. G. Overberger and A. D rucker, J .  O rg . C h ern ., 29, 360 (1964);

see also, A. M . Creighton and L. N . Owen, J .  C hem . S oc., 1024 (1960); S. M .

(8) E . Spaeth and K . K layer, B e r . D e u t.  C hem . Ges., 66, 914 (1933). Iq b a l and L . N . Owen, ib id . ,  1030 (1960).
(9) A. B u tenand t and A . M arten, A n n . ,  496, 187 (1932). (13) D . A . L igh tner, C. Djerassi, K . Takeda, K . K uriyam a, and T . K o -
(10) B . Eiehstedt, Nielsen and J. Lem m ich, A c ta  C hem . S c a n d ., 1 8 , 2111 meno, T e tra h e d ro n , 2 1 ,  1581 (1965); K . K u riya m a  and T . Kom eno, “ O p tica l

(1964); W . A. Bonner, N . I .  B u rk , W . E. Fleck, R. K . H ill,  J. A . Joule, B . R o ta to ry  D ispersion and C ircu la r D ichroism  in  Organic C he m is try ,”  G.
Sjoberg, and L . H . Zalkow , T e tra h e d ro n , 20, 1419 (1964); M . N akazaki, Y . Snatzke, E d., Heyden and Son, London, 1967, C hapter 21.
Hirose, and K . Ikem atsu, T e tra h e d ro n  L e t t . ,  4735 (1966); I .  Harada, Y . (14) A . H . Haines and C. S. P. Jenkins, C hem . C o m m ., 350 (1969).
Hirose, and M . N akazaki, ib id . ,  5463 (1968). (15) B . E . Nielsen and J. Lem m ich, A c ta  C hem . S c a n d ., 23, 962 (1969).
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Experimental Section16 made so that the solution was kept basic. After six times the
calculated amount of dimethyl sulfate was consumed, the basic 

Isolation.—Plant material was collected July 1967 at Neptune solution was warmed on a steam bath a further 20 min. The
State Park on the Oregon Coast. Dried and ground seed heads mixture was cooled and extracted with chloroform. The aqueous
were extracted with acetone. Solvent was removed from the ex- phase was acidified and re-extracted with chloroform. Solvent
tracts and the residue chromatographed on alumina. Solvent was removed from the latter chloroform extracts and the residue
was removed from the first fractions showing fluorescence on tic warmed with acetic acid-hydrochloric acid for 2 0  min on a steam
and the residue crystallized from hexane or ethyl acetate-hexane, bath. The cooled mixture was poured into water and extracted
to give the new coumarin (7): mp 95-96° after further crystal- with chloroform. The chloroform extracts were dried and sol-
lization from ethyl acetate-hexane; X®1™ 2 2 1  m/x (e 27,700), 252 vent was removed. The residue was sublimed. The sublimate
(26,000), 304 (12,300); nmr S 8.09 (d, /  = 10 Hz, H-4), 7.68 was identical with natural 9 by ir, uv, and tic criteria.
(d, J  = 2 Hz, H-7), 7.06 (d, J  = 2 Hz, H-8 ), 6.35 (d, J  = 10 Isolation.—Fruit of A. genuflexa was collected at the end of
Hz, H-3), 5.60 (t, /  = 7 Hz, vinyl), 4.82 (d, .1 = 7 Hz, a- Aug 1968 on the Oregon Coast along Highway 101 just south of
methylene), 4.07 (s, methoxyl), 1.78, 1.72 (C-methyls) (in the Drift Creek bridge, south of Lincoln City, Ore. Solvent was
CDCL). removed from the acetone extracts and the residue was chro-

Anal. Calcd for C17H16O5: C, 67.99; H, 5.37. Found: C, matographed on alumina. Those fractions eluted with hexane
68.1; H, 5,44. which did not show fluorescence on tic were discarded. Elution

The fractions following from the column eluted with benzene with hexane-benzene mixtures and benzene gave fractions which
and chloroform gave upon work-up imperatorin (2 ), after crystal- after work-up gave (— )-oxypeucedanin (17): mp 101-102°
lization from ethyl acetate-hexane, identical with an authentic from ethyl acetate-hexane [lit.18 mp 104° for ( + ) isomer];
sample.17 The mother liquors from work-up of the imperatorin [a]D —1 1 .1 ° (CHCL); nmr 5 9.23 (d, J  = 10 Hz, H-4), 7.71
give further amounts of 7. Large amounts of bergapten (1 ), mp (d, J  = 2 Hz, H-7), 7.13 (s, H-8 ), 7.06 (d, J  = 2 Hz, H-6 ), 6.25
183-186° (from ethyl acetate-hexane) were recovered from the (d, /  = 10 Hz), 4.50 (m, a-methylene), 3.15 (q, epoxy), 1.34,
benzene eluents. 1.39 (C-methyls) (in CDCL).

The mother liquors from these operations were combined, the Anal. Calcd for C15H14O5: C, 67.12; H, 4.93. Found:
solvent was removed, and the residue was heated with a trace of C, 67.3; H, 4.96.
hydrochloric acid in acetic acid on a steam bath for 30 min. Further work-up of the mother liquors gave mixtures of oxy-
After work-up, the product was chromatographed on alumina to peucedanin and isoimperatorin.
give isobergapten (3) and pimpinellin (4), both crystallized from Acid Hydrolysis of Oxypeucedanin (17).—A solution of 1 g of
ethyl acetate-hexane. The pimpinellin was identical in all crude 17 in aqueous ethanol containing 5% oxalic acid was re­
respects with a sample provided by Dr. T. R. Govindachari. fluxed for 1 hr. The solution was cooled and extracted with ethyl

Acid Hydrolysis of 6 -Isopentenyloxyisobergapten (7).—A solu- acetate. The ethyl acetate extracts were dried, the solvent was 
tion of the coumarin (7) in glacial acetic acid and a trace of hy- removed, and the residue was chromatographed over a short
drochloric acid was heated for 30 min on a steam bath. The column of alumina. Isooxypeucedar.in was eluted with benzene
solution was cooled, diluted with water, and extracted with ethyl and thediol 18 was eluted with chloroform. Solvent was removed
acetate. After drying and removal of solvent, the residue was from the chloroform eluents and the residue was crystallized from
crystallized from ethyl acetate-methanol-hexane and sublimed benzene-acetone to give oxypeucedanin hydrate (18), identical 
for analysis to give 9: mp 223-224°; 221 m/x (e 21,000), in all respects with that of a sample isolated from expressed lemon
254 (18+00), 308 (9,000); X®*°H“Na0H 275, 323 mM; nmr 5 8.14 oil: nmr 5 8.41 (d, /  = 10 Hz, H-4), 7.79 (d, J  = 2 Hz, H-7),
(d, ./ = 10 Hz, H-4), 7.86 (d, J  = 2 Hz, H-7), 7.07 (d, J  = 2  7.20 (s, H-8 ), 7.19 (d, J  = 2 Hz, H-6 ), 6.35 (d, J  = 10Hz, H-3),
Hz, H-8 ), 6.37 (d, /  = 10 Hz, H-3), 3.97 (methoxyl) (indeuterio- 4.62 (m, a-methylene), 4 .0 0  (q, methine), 1.40, 1.38 (C-methyls) 
dimethyl sulfoxide-CDCL). (in CDCI3).

Anal. Calcd for Ci2H305: C, 62.07; H, 3.47. Found: C, Anal. Calcd for Ci6HI(!06: C, 63.15; H, 5.30. Found: C,
62.1; H, 3.90. 63.2; H, 5.22.

Acetylation of 9 with acetic anhydride-pyridine gave the mono- Workup of the benzene elutents gave isooxypeucedanin (19).8'9
acetate (11): mp 171-173° from ethyl acetate-hexane; \ZT mP 148~149-5° from ethyi acetate-hexane; nmr S 8.65 (d, J  = 
219, 249, 301 m/x; nm: S 8.09 (d, /  = 10 Hz, H-4), 7.64 (d, J  = 1 0  Hz< H‘4)> 7 -8 9 (d> J  = 2  Hz- 7 -3 9  (s’ H-8)> 7 -0 9 (d’
2 Hz, H-7), 7.11 (d, J  = 2 Hz, H-8 ), 6.40 (d, J  = 10 Hz, H-3), J  = 2  Hz> H‘5)> 6 -5 0  (d>J  = 1 0  Hz’ H-3)> 6 -2 6  (s> «-methylene),
4.00 (methoxy), 2.47 (acetoxy) (in CDCL). 2 -9 7  (sePt, J  = 7  Hz- methme), 1.30, 1.18 (C-methyls) (m

Anal. Calcd for CuĤ Oc.: C, 61.32; H, 3.68. Found: C, CDCL).
61.6; H, 3.77. Anal. Calcd for Ĉ HhC)»: C, 67.12; H, 4.93. Found: C,

Methylation of 9 with diazomethane gave pimpinellin (4), 67.3; H, 4.96.
identical in all respects with an authentic sample: nmr S 8.07 Reaction of Oxypeucedanin (17) with Potassium Methyl
(d J  = 10 Hz H-4) 7 67 (d J  = 2 Hz H-7) 7 06 (d J  = 2 Xanthanate.—Three milliliters of CS» was added to a solution of
Hz, H-8), 6.34 (d, J  ’= 10 Hz, H-3), 4.15, 4.06 (methoxyls) (in 1 & of K0H ln 8 ml of methanol. One gram of oxypeucedanin
CDCL). (17) was added and the mixture was warmed briefly on a steam

5,8-Dibenzyloxypsoralen (16).—A solution of 1.5 g of 157 and 2 bath to affect solution. The mixture was then allowed to stand
g of benzyl chloride in dry acetone was refluxed over anhydrous 48 â  room temperature. The solution was then poured into
potassium carbonate for 8 hr. The cooled solution was filtered water and the aqueous mixture was extracted with ethyl acetate,
and solvent was removed from the filtrates. The residue was Solvent was removed from the dried ethyl acetate extracts and
taken up in chloroform and filtered through a short column of the residue was chromatographed over a short column of alumina,
alumina with chloroform. Solvent was removed from the fil- Benzene eluted the episulfide (20), mp 125-127°, after recrystal-
trates and the residue was recrystallized from methanol: mp lization from ethyl acetate-hexane: nmr 5 8.16 (d, J  = 10
157.5-158°; nmr 6 8.12 (d, J  = 10 Hz, H-4), 7.70 ( d , J  = 2 Hz, Hz’ H-4), 7-64 (d> J  = 2 Hz> H‘7)> 7-14 (s> H-8)> 6-97 (d> J  =
H-7), 7.47 (m, phenyl), 6.95 (d, J  = 2 Hz, H-6), 6.23 (d, J  = 2 Hz> H‘6)> 6-29 (d> J  = 10 Hz> H-3)> 4-58 «-methylene),
10 Hz, H-3), 5.43, 5.33 (s, benzyl methylenes) (in CDCL); 3'20 :q’ methine)< 1-68-162 (C-methyls) (in CDCL).
241,249,268,312 m̂i. Anal. Calcd for C16H14O4S: C, 63.5; H, 4.66. Found:

Anal. ’ Calcd for C2oH1805: C, 75.37; II, 4.55. Found: C, 64.8; H, 4.76.
75.60- II 4.82. Further elution of the column with chloroform gave the yellow

6 -Hydroxyisobergapten (9 ).—One gram of dibenzyl ether 16 trithiocarbonate (2 1 ): mp 184-186° from benzene; nmr 5 8.29
was dissolved in ethanol-10% aqueous sodium hydroxide by ( d , J =  10 Hz, H-4), 7.S4 (d,/  = 2 Hz, H-7), 7.34 (s, H-8 ), 7.02
means of heating. The solution was then diluted with more (d, /  = 2 Hz, II-6 ), 6.38 (d, J  = 10 Hz, H-3), 4.92-4.34 (m, a-
water. Dimethyl sulfate was added with stirring. Alternate methylene and methine), 1.92, 1.78 (C-methyls) (in CDCL);
additions of dimethyl sulfate and aqueous sodium hydroxide were ORD in dioxane (c 0.03) [<*¡473 +3200 , [0 + 2 5 +330 , [o+so
_________ +2000° (last reading); CD in dioxane (c 0.0008) 500 (0), 446

(16) Nmr spectra were ;aken at 60 MHz. The relative areas of the peaks ( +  2-5). 389 (0). A qualitative CD curve in ethanol showed
were consistent with their assignments. J  values are in hertz. -------------------

(17) D. L. Dreyer, J .  Org. Chem ., 30, 749 (1965). (18) B. E. Nielsen and J. Lemmich, Acta Chem. S can d ., 18, 1379 (1964).
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The syntheses and solvolyses of 3̂ -(l/3-hydroxyethyl)-A6-A-norcholestenyl (10) and 3/3-(la-hydroxyethyl)- 
A6-A-norcholestenyl (11) p-toluenesulfonates are reported. The products of solvolysis in each case were similar 
to those formed in the solvolyses of the related ring-expanded cholesteryl derivatives, namely, 4/3-methylcho- 
lesteryl (7) and 4«-methylcholesteryl (4) p-toluenesulfonates, respectively. The interrelationships among the 
various cationic intermediates in these solvolyses are discussed.

Experiments directed toward defining the structures that diene 8 was not a primary reaction product but
of intermediary ions in the solvolyses of cholesteryl rather resulted from a secondary reaction involving a
systems with methyl substituents in the A ring has led highly reactive precursor.6
to a number of interesting results. The examples4-8 I t  was felt that a potential clarification of this point 
shown in Scheme I summarize some of these findings. might be achieved from the solvolytic behavior of the

As can be seen, the configuration of the C4 methyl A-ring-contracted compounds 10 and 11. W hitham9 
group in 4 and 7 is extremely important with respect to
the products of solvolysis. In  the case of the 4 a  and I I I
equatorial orientation present in 4, the outcome of the 
reaction is similar to th t observed in the unsubstituted
cholesteryl system. The 4/3 and axial orientation of H H^1 H' '
the methyl group in 7 caused the reaction to take a CH3 | H H j CH3 h/ n H
significantly different course, yielding the conjugated 0Ts 0Ts OTs
diene A3-6-4-methylcholestadiene (8) as the predom- 10 11 12
inant product. A difference in the geometry of the A showed that 12 yielded the same products upon solvoly-
ring of 4 and 7 has been offered as an explanation for sis as cholesteryl p-toluenesulfonate except that no
this divergent behavior.5-6-8 Thus, the A ring of 4 is hydrocarbon was formed, in contrast to the 1 -2 %
considered to exist in a chair form, while the A ring of 7, obtained with cholesteryl toluenesulfonate. This
in order to relieve the 1,3-diaxial methyl interaction, result indicated the intermediacy of a common homo-
adopts either a flattened chair conformation5-6 or a allylic ion resulting from each precursor i . e . ,  choles-
boat form.8 These shapes should persist in the transi- teryl or A-nor-A6-cholestenyl.
tion state. In the latter, the favorable geometry for The key point in the solvolyses of 10 and 11 would be 
elimination of p-TsOH is present, and this is obviously whether 10 yields diene 8 upon solvolysis in amounts
a very favored process. This process does not involve a similar to that obtained starting from 7. This would
homoallylic ion. The rate acceleration in solvolysis indicate a common intermediate. Furtherm ore, it is
(ca . 200 :1 ) for 7 compared with its saturated analog, very unlikely that diene can come directly from either
4/3-methylcholestanyl p-toluenesulfonate,6 could be due the symmetrical homoallylic ion 13, or the unsym-
to both steric driving force and the stability of the CH
transition state leading to the conjugated diene. On CH3 I 3 CH3 I 3
the other hand, some evidence was found to indicate

(1) Acknowledgment is made to the donors of the Petroleum Research __ /
Fund, administered by the American Chemical Society, for support of this \ \ ^
project under Grant 1347-A4. __ H H

(2) For part II see R. M. de Sousa and R. M. Moriarty, J . Org. C hem ., '  +   ̂ ^ *
30, 1509 (1965). 13  13a

(3) University of Illinois, Chicago Circle Campus, Chicago, 111.
(4) (a) R. M. Moriarty and E. S. Wallis, J .  O rg . Chem., 24, 1274, 1987 CHn

(1959); (b) Y. M. Y. Haddad and G. H. R. Summers, J .  Chem. S oc., 769 / UAS I
(1959); (c) G. Just, S. Winstein, R. Sneen, F. Shortiand, and D. N. Gupta, A  JL.
unpublished results; see D. N. Gupta, G. Schilling, and G. Just, C an . J .  /  j ----,--------
Chem ., 43,792 (1965). 1 /  /

(5) R. M. Moriarty and R. M. de Sousa, J .  Org. Chem ., 28, 3072 (1963). CH3----- *--------j
(6) R. M. de Sousa and R. M. Moriarty, ib id ., 30, 1509 (1965). ‘
(7) S. Julia, J.-P. Lavaux, S. R. Pathak, and G. H. Whitham, C. R . A cad , **

Sci. P a ris , 256, 1537 (1963). 14
(8) S. Julia, J.-P. Lavauax, S. R. Pathak, and G. H. Whitham, J .  Chem . -------------------

Soc., 2633 (1964). (9) G. H. Whitham and J. A. F. Wickramasinghe, ib id ., 1655 (1964)
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S c h e m e  I  I

0H| ]5 = f  C'j ^
/'''X, H20-acetone 'XX*1
I I I  KOAc '  ''A

T s O '^ X ^ /  U
CH 3 'C H 3 15a

1
CH3l CH3i I

< J U  + (ref4a_c) rp^ V ^  pyr
I  HO--------CH3 H0 1 0H

CH3 CH3 CHj 15b, R=Ac
2,70% 3,20% c, R =  H

/ X j O  LiC10,-acetone-H20 m

-  tiô x j — -  v u  «
ch3 ho 1 0H o X

4 15d 16
S^i ,1

l \ (ref 5-8) Borohydride reduction of a mixture of 17 and 18 to
yield 19 requires comment since two new stereochemical

! 1 I centers are established, namely, at C3 and at the carbon
Cii3 CH3 bearing the hydroxyl group. The initial step is

5> E5̂ ° 6; 20^ probably hydrolysis of the enol acetate to yield 3-acetyl-
CH A-nor-A5-cholestene which is reduced more rapidly by

j l  . borohydride than the prototropic shift to yield the
j H;°"acetone >• conjugated ketone. The most favored mode of pro-

T s O K°Ac tonation of the enol at C3 is from the a  side.9 Inspec-
I tion of molecular models reveals that a significant steric

CH;I difference exists for the carbonyl group once it is formed
f in the ketonization step. Thus reduction from the

I I I  least hindered side, that is, away from the Ci9 angular
+  methyl group, would lead expectedly to a predominance

k— x J  of 3(3-(la-hydroxyethyl)-A5-A-norcholestene (19), and
| Y  I | this is found to be the case. Tosylation under the usual
CH3 C H jX k H CH3 OH conditions proceeds normally to yield a crystalline
8,80% O 9a, 3% tosylate ester (11).

9, 14 yo

(ref 5,6)
S c h e m e  I I

metrical ion 13a, cr that 10 would rearrange to a struc- CHa\ I i
ture such as 14, which has been proposed in order to CH/ C °AC
explain the direct formation of diene 8 from 7.8 Struc- 16 ----- ----------- ► V > i ^ J  + \  }
ture 14 represents the transition state for E2 elimina- 2 2 IT
tion of TsOH. AcO CH3 cHj^^OAc

Solvolysis of 11 is of interest because it bears the 17 ,  18
same configurational relationship to 4 as 10 does to 7. / bh,~
Comparison of the results of solvolysis of 10 and 11 . * .
offers a stringent test of the configurational integrity of ^ l l .  ^ 1 ,  Ac2o . l l  ..
intermediary ions in this series. | •*£TsC1 pyr * /

Hv ^  pyr H v *  - l « v ^
Results and Discussion H |^CH3 r -T 'C H  h^ ; CH3

The alcohol precursor of tosylate 10, namely ring- OTs OH ^Aj9a
contracted alcohol 9, was already available from the 19
hydrolysis of 7.5'8 The synthesis of 11 proceeded from
4-methylcholestenone (15) using the method of Julia, As mentioned earlier, the epimeric ring-contracted 
Whitham, e t  a l . , s to yield the A-ring-contracted con- alcohol 9 is obtained by hydrolysis of tosylate 7. A
jugated ketone 16. Alternatively 16 could be prepared potentially important observation was forthcoming in
as shown in eq 1. the attempted tosylation of 9. Under the standard

Enol acetylation of 16 yielded a noncrystalline conditions, namely, p-toluenesulfonyl chloride in pyr-
product which showed two vinyl methyl resonances idine, the only product obtained was 4-methyl-A3'5-
possibly indicative of two stereoisomers 17 and 18 cholestadiene (8). In fact, attempted acetylation of 9
(Scheme II). using acetic anhydride-pyridine at room temperature
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Scheme III

CH3i

T,0Wls  ! ch3

CH‘ H OH CH3|

a , -
O ^ J  '------------ — — '  ch3 h  ch3

h' X :H ^TCH ,
OTs

II

CH1

Ts0' i T  ^  r  ch - i  ch, £ :

. p - - -  l - t H - l N
pTT / ¡ S r i   ̂ CH3
ttl3 ! H 13h a

OTs b 8
1 0

also yielded 4-methyl-A3'5-cholestadiene (8) as the interpret diene 8 as coming from ion 13b and Asteroid 9a.
predominant product. Furthermore, acid-catalyzed This agrees with our earlier proposal that Asteroid
treatm ent yielded the diene. 9a 8 under the buffered solvolytic conditions. The

In another experiment 9 and 1 equiv of p-toluene- hypothesis that diene 8 derives from direct elimination
sulfonyl chloride were allowed to stand at room tern- of p-toluenesulfonic acid from the A-ring boat form 7 is
perature for 5 hr in pyridine solution. Aqueous acetone rendered unlikely by the observation that only 1%
(60% ) and 3 equiv of sodium acetate were added, and diene is obtained in the solvolysis of 2,2-dimethyl-
the reaction system was kept at reflux overnight. An cholesteryl mesylate.10 Thus if the boat form is
85%  yield of 8 was obtained. favored in 7 owing to relief of the C4-C i0 dimethyl inter-

Solvolysis of 3d-(la-hydroxyethyl)-A 5-A-norcholes- action, the same should apply to 2,2-dimethylcholesteryl
tenyl tosylate ( 1 1 ) under buffered conditions yielded the mesylate.
same products as were obtained in the solvolysis of The mechanism for conversion of 10 to 8 probably
4a-methylcholesteryl tosylate (4), namely, 4a-m ethyl- involves the intervention of the classical homoallylic
3a,5-cyclocholestan-6/3-ol (5) (80% ) and about 4%  ion. Both 7 and 10 yield the same nonclassical inter-
4a-methylcholesterol (4a). Scheme I I I  summarizes the mediary ion (13b). A small energy barrier separating
reaction pathways for 1 0  and 1 1 . the nonclassical and classical ion in this series suggests a

The fact that 1 1 , upon hydrolysis yields 5, may be reasonable route to diene 8 v ia  deprotonation from the
taken as indicating the incursion of the symmetrical ion classical 4/3-methylcholesteryl cation. Scheme IV
20. Coordination with solvent occurs at C6. This is a summarizes this behavior, 
result completely analogous with the finding of W hit-
ham9 in the solvolysis of 12. Scheme IV

We interpret the behavior of 10 to indicate that ion 13b 9 a (kinetic control)
forms initially, and this ion may yield Asteroid 9a, but ii
this product is unstable. Under the reaction conditions 7 --------\-OTs
it is converted to the product of thermodynamic /  *  13b
control, namely 8. The decreased stability of 13b and jj
the related Asteroid 9a is due to the C4- C 10 dimethyl 1

interaction as well as the Ce axial hydroxyl group _H+
interaction in Asteroid 9a. According to this hy- f T *  (thermodynamic
pothesis 9 a is the product of kinetic control. control)

Furthermore, it appears unlikely that diene 8 results i
directly from elimination of p-TsOH from 7 in the ---------------
manner suggested by Whitham, et a U  Rather, we (io) s. r . Pathak and g. h. whitham, j . chem. Soc., 193 (1968).
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Finally a result found by Just, et a l.,n in the 3a-A - lected, washed thoroughly with water, and dried in vacuo to
norcholesteryl system is in complete agreement with the y!e!d J mP 138-140' , l̂ ecrystallization from acetone . ' , r , , 1 & yielded 900 mg of 18, mp 141-142 . The analytical sample was
mam Ideas outlined above. prepared by recrystallization from acetone, mp 144-145 °.

Acid-catalyzed treatm ent of the photolysis product Anal. Caled for C36H5606S: C, 71.38; H, 9.58. Found: 
21 yields the ring-contracted alcohol 22 which upon C, 71.07; H, 9.73.
tosylation and solvolysis regenerates 21 with retention of 3-Acetyl-A3-A-norcholestene (16) by Solvolysis of 15c. 
configuration of the deuterium. Lithium perchlorate 1 118 g, and dry calcium carbonate, 1.25 g,

& in 30 ml of tetrahydrofuran were stirred at room temperature.
I I A solution of 720 mg of 15c in 10 ml of tetrahydrofuran was

I 1 added dropwise over a period of 1 hr. The reaction mixture was
H30+ I I i IT stirred under nitrogen for 1 hr, then kept at reflux for 72 hr.

L--- Jl J J-----J After cooling, ether was added and the solution was filtered from
sy 7 >[ j_jq_QYiD the insoluble part. The ether-tetrahydrofuran solution was

„„ washed with a saturated solution of sodium bicarbonate. The
j) ether-tetrahydrofuran solution was dried with magnesium sulfate

/  and concentrated to dryness to yield a clear viscous gum, 610 mg,
v jj q /  which was crystallized by trituration with cold acetone. Re-
\ 2 I crystallization from acetone yielded 430 mg of 16: mp 97-99°,

1 -  [a ]D  +83° (c, 1), xr,H 257 mM (e 13,000); lit.8 mp 97-99°, X®la°H
257 m/i (e 13,000).

y  L I Enol Acetylation of 3-Acetyl-A3-A-norcholestene (16).—Ketone
ipsO_CHD 16, 1.148 g, was dissolved in 80 ml of freshly distilled isopropenyl

2 3  acetate, and 2 drops of concentrated sulfuric acid were added.
The solution was kept at reflux for 20 hr. The isopropenyl ace- 

. . . tate was then removed in vacuo. Water was added, and extrac-
ih e  optical integrity of such a rearrangement has tion with ether (six 30-ml portions) was carried out. The com-

been demonstrated in the indanyl series for the con- bined extracts were then washed with a saturated solution of
version of (S)-l-indany]m ethyl tosylate (24) to (JR )- sodium bicarbonate followed by water. The ether extracts
tetrahydro-a-naphthol (25) with 80%  stereospecificity. 12 were dried and concentrated in vacuo to dryness. The resulting1 - semicrystallme mass, 1.50o g, showed in the infrared (CCL)

H CHOTs k 1750 (C=0) and 1675 (C=C) cm“1. The nmr (TMS, CC1,)
2 .. .OH showed CH3CO at 2.0S and 2.17 ppm possibly corresponding to

i l l )  ~0Ts> (('f|  \  Hz0, p || jK cis and tvans stereoisomers of the isopropenyl part (17 and 18).
k i k J  rt Sodium Borohydride Reduction of Enol Acetates 17 and 18.—

2 4  2 5  The crude enol acetate, 539 mg dissolved in 20 ml of 95% ethanol,
was added dropwise to a stirred solution of 1.5 g of sodium boro­
hydride in 30 ml of 95% ethanol at 0° over a period of 2 hr.

T? nor! * 1 Co 13 The reacbon was allowed to come to room temperature and was
Xpenmentai section stirred for an additional 50 hr. At the end of this rime excess

4a-Methylcholestane-3/3,4/3,5a-triol 3-Acetate (15b).—To a borohydride was decomposed by addition of glacial acetic acid,
solution of 1.65 g of 15a in 500 ml of acetone was added a solution Most of the ethanol vas removed in vacuo, and 10 ml of 6 N
of 3.2 ml of 2 N sulfuric acid in 40 ml of water. The resulting hydrochloric acid was added. After thorough extraction with
solution was allowed to stand at room temperature for 5 days. ether the combined ether extracts were washed with a saturated
At the end of this time the acetone was removed in vacuo and solution of sodium bicarbonate followed by water. The extracts
water was added. The reaction mixture was extracted thor- were dned and concentrated to dryness in vacuo to yield 502 mg
oughly with ether, and the combined ether extracts were washed crystalline product. This product was acetylated in the usual
washed with a saturated solution of sodium bicarbonate. After waX > and crude gummy acetate was chromatographed upon
drying with magnesium sulfate, the extracts were concentrated to 8d & sdlca gel. Elution with petroleum ether gave a hydro­
dryness to yield a crystalline residue of 1.96 g which was recrystal- carbon product, 60 mg, mp 57—59 . This was shown to be homo-
lized from acetone to yield 1.76 g, mp 213-216°. Recrystalliza- geneous by tic on silica gel (10% benzene-petroleum ether),
tion from acetone yielded 1.63 g, mp 218-220°. The analytical Further elution with 10% benzene-petroleum ether gave 340
sample was prepared by recrystallization from acetone and had mS’ mP 85-86 . This acetate was recrystallized from acetone
mp 218-220°. to yield 290 mg of 19a: mp 104-106°; X̂ * 1730 (C=0) cm“1;

Anal. Caled for C30H52O4: C, 75.60; H, 11.00. Found: nmr (TMS, CCL) 2.00 (CHsCO) and 5.40 (C=CH) ppm; [<*]d
C, 75.40; H, 10.91. — 23 (c 1). The analytical sample was prepared by recrystal-

4a-Methylcholestane-3j3,4/3,5tt-triol (15c).—15b, 1.051 g, was lization from acetone and had mp 105-106 .
dissolved in 500 ml of methanol. In one portion 1.00 g of potass- Anal. Caled for CsoHsoCh: C, 81.49; II, 11.38. Found:
iumhydroxide was added and the reaction mixture was kept at re- C, 81.49; H, 11.11.
flux for 4 hr. The volume was then concentrated in vacuo to 3 3-(1«-Hydroxy ethyl )-Ar,-A-norcholestene (19). A solution
50 ml and diluted with water. The solution was extracted seven of 255 m§ of acetate 19a in 270 ml of methanol containing 10 ml
times with 50-ml portions of ether. The combined extracts of water and 2-688 S of potassium carbonate was kept at reflux
were washed with water and concentrated in vacuo to dryness.  ̂ !Fen left at room temperature overnight. Most of the
The crude product was crystallized from ether-methanol to methanol was removed in vacuo, and the product was crystallized
yield 747 mg, mp 203-205° (lit.14 202°). out uPon addition of water. It was filtered and recrystallized

4a-Methylcholestane-3/3,4/3,5a-triol 3-p-Toluenesulfonate from acetone to yield 176 mg, mp 88-90°. Recrystallization
(15d).—'The above triol (1.0 g) was dissolved in 5 ml of purified from acetone gave a sample, mp 99-100°, [«]d -38° (c 1.2).
pyridine by gentle warming. The solution was cooled to 20° Anal. Caled for C28H4S0: C, 83.93; H, 12.08. Found:
and 1.0 g of p-toluenesulfonyl chloride was added. The result- 83-88; H, 11.81.
ing solution solidified to a crystalline mass. After 12 hr at room Chromium Trioxide-Pyridine Oxidation of 19.—The required
temperature ice was added, and the crystalline mass was col- complex was prepared by addition of 200 mg of chromium tri-
-------------  oxide to 1.50 ml of pyridine. To this was added a solution of 50

(11) G. Bauslaugh, G. Just, and E. Lee Ruff, Can. J .  Chem., 44, 2837 mg of 19 in 0.50 ml of pyridine. The reaction mixture was
r> •. -d u . • „ „ „  „ „ allowed to stand at room temperature overnight. At the end(12) D. Battail Robert and D. Gagnaire, B u ll. Soc. Chim. F r„  208 „f ™  r„u j  •„ , ,, t i-{1966) * ol this time ice was auded followed oy water. Then the solution

(13) ' Melting points were determined using a Kofler hot stage. Rotations Wa& extracted seven times with chloroform. The chloroform
were measured using chloroform solutions. Microanalyses were performed extracts were washed twice With water, dried, and concentrated
by G. I. Robertson, Florham Park, N. J. Nuclear magnetic resonance spec- to dryness in vacuo. The resulting gum was dried under high
tra were determined using a Varian A-60A. vacuum (0.001 mm) for 6 hr. Crystallization from acetone

(14) s. Julia and J-P Lavaux, B u ll. S oc. Chim. F t . ,  1231 (1963). yielded 20 mg of 3/3-acetyl-AE-A-norcholestene, mp 73-73° (lit.8
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73.5-75°). Warming of an ethanolic solution of 3|3-acetyl-A5- was chromatographed upon 10 g of Merck neutral alumina.
A-norcholestene containing potassium hydroxide led to the Elution with pentane yielded 19.5 mg of an oil which showed four
development of the conjugated ketone chromophore present in spots upon tic. No pure compound could be isolated. Further
3/3-acetyl-A5-A-norcholestene (16). elution with benzene yielded 59.5 mg, mp 85-91°. Recrystal-

3/3-(1 a-Hydroxyethyl)-A6-A-norcholestene p-Toluenesulfonate lization from acetone gave 46 mg, mp 95-97°, of 4a-methyl-
(11).—To a solution of 600 mg of 19 in 5 ml of dry pyridine was 3a,5-cyclocholestan-6/3-ol (5). Repeated recrystallization from
added 600 mg of p-toluenesulfonyl chloride. The reaction solu- acetone raised the melting point to 102-103°. This was unde-
tion was kept at room temperature for 18 hr. At the end of this pressed upon mixture melting point determination with an au-
time crushed ice was added, and the resulting mixture was ex- thentic sample5 of melting point 101-103°. Further elution
tracted with ether. The combined ether extracts were washed in with chloroform yielded 6  mg of 4a-methylcholesterol (6), mp
turn with a saturated solution of sodium bicarbonate, then water, 164-165°. The melting point was undepressed upon admixture
and finally dilute hydrochloric acid. The dried extracts were with an authentic sample.
concentrated to dryness in vacuo to yield 560 mg of crude tosyl- Attempted Formation of 3/3-(l/3-Hydroxyethyl)-A5-A-norcholes- 
ate. Repeated recrystallization from acetone yielded 320 mg, tenyl p-Toluenesulfonate (10).—The alcohol (100 mg, mp 114-
mp 86-89°. The infrared spectrum of this compound showed 117°) was dissolved in pyridine (1 ml), and 100 mg of p-toluene-
absorption characteristic of the ¡o-toluenesulfonate ester at 8.43 sulfonyl chloride was added at room temperature. After stand-
and 8.50 n- The nmr spectrum (TMS, CC14) showed an aromatic ing at room temperature for 12 hr, ice was added and the solution
quartet at 7.23, 7.38, 7.70, and 7.85 ppm, aromatic CH3 at 2.43 was extracted with ether. The ether extracts were washed with
ppm, and vinyl proton at 5.30 ppm. water, saturated bicarbonate solution, dilute hydrochloric acid

Anal. Calcd for C35H54SO3: C, 75.73; H, 9.79. Found: solution, and finally with water. The dried extracts were con-
C, 75.76; H, 9.69. centrated to dryness to yield an oil which was crystallized from

Solvolysis of 3|3-(l«-Hydroxyethyl)-A5-A-norcholestenyl p- acetone to yield 46 mg, mp 73-74°. The properties of this mate-
Toluenesulfonate (11).—A solution of 176 mg of 11 in 25 ml of rial were identical with those of 4-methyl-A3'5-cholestadiene (8).
acetone was kept at reflux for 10 hr. At the end of this period
the acetone was removed in vacuo, .and the resulting aqueous Registry No.— 11, 24343-84-8; 15b, 1258-92-0;
solutionwas extracted thoroughly with ether. The ether extracts oaoqq ci c. OA9 QS 0 9  «• 1 7  oaoqs sq 7 !
were washed with water, dried, and concentrated to dryness o i  ¿ » ¿ » 0  oa-o, 1 / , ¿UAya-oo-f ,
in vacuo to yield 184 mg of an oil. The crude solvolysis product 18,24298-84-8 ; 19 ,24298-85-9 ; 19a, 24298-86-0.
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Malvalic acid, the major cyclopropene component in cottonseed oil, has been synthesized. When l-chloro-7- 
hexadecyne reacts with diazoacetic ester in the presence of copper-bronze, the ester of l-chloro-7,8-carboxy- 
methano-7-hexadecene is formed. Treating the corresponding acid chloride with zinc chloride causes loss of car­
bon monoxide. Either sodium borohydride or lithium aluminum hydride reduces the resulting cyclopropenium 
compound to l-chloro-7,8-methano-7-hexadecene. Replacing the chloro group with cyano yields malvalonitrile, 
which can be converted to methyl malvalate. An analogous sequence of steps has been applied to l-chloro-4- 
decyne to produce methyl 5,6-methano-5-undecenoate. An alternate synthesis of methyl malvalate starts by 
using l-chloro-7-hexadeeyne as the precursor for methyl 8-heptadecynoate. This acetylenic ester is converted 
to 8,9-carboxymethano-8-heptadecenoic acid, the diacid chloride of which decarbonylates selectively in the 
presence of metallic chlorides to form the cyclopropenium acid chloride. After esterification, the resulting 
cyclopropenium ester is reduced with borohydride to methyl malvalate.

Malvalic acid and its homolog, sterculic acid, together ro-7-hexadecyne and powdered copper-bronze produced
with two other closely related fatty acids1  are the only the expected cyclopropene ester, which on saponifica-
well-characterized naturally occurring cyclopropenes. 2 tion gave l-chloro-7,8-(carboxymethano)-7-hexadecene
Methyl sterculate has been synthesized . 3 ' 4 The present (3). Our prior concern about the involvement of the
paper reports on syntheses of methyl malvalate (8 ) 6 as carbon-to-chlorine bond was allayed when dodecyl
well as on the synthesis of a related cyclopropene, chloride under the same conditions could be recovered
methyl 5,6-methano-5-undecenoate. largely unchanged. The acid chloride 4 from 3, when

The malvalate synthesis starts with 1-decyne (1), mixed with anhydrous zinc chloride, smoothly lost
which as its lithium derivative6 couples with 1,6- carbon monoxide to give cyclopropenium ion 5. So-
dichlorohexane to form l-chloro-7-hexadecyne (2 ). dium borohydride in alkaline methanol or, better,
Dropping diazoacetic ester into a hot mixture of 1-chlo- lithium aluminum hydride in ether7 reduced the cyclo­

propenium ion to the corresponding cyclopropene, 
(p stercuiynic acid, as reported by a. w. jevans and c. y . Hopkins, l-chloro-7,8~methano-7-hexadecene (6 ). The methane-

T etrahedron  Lefi., 2167 (1968), and 2-hydroxysterculic acid, as reported ^  j a d d u ct8 f fljfe cyclop rop en e, form ed  in 98%
by L. J. Morns and S. W. Hall, Chem . In d . (London), 32 (1967), and by J. A. j -  x f  • j  V
Recourt, G. Jurriens, and M. Schmitz, J .  Chrom atogr., 30, 35 (1967). yield , Was hom ogen eou s a cco rd in g  tO gaS-liqilld  CftrO-

(2) F. L. Carter and V. L. Frampton, Chem. Rev., 64, 497 (1964). m a to g ra p h ic  aSSay. R ep la cin g  th e  chforO grou p  w ith

J L l t S S )  S m  “ d *• W- '• cyano by heating with sodium cyanide in dimethyl

” * *• '• m  «  a . Bresloiv and C. U *  J * , « .  = > »
(5) The structure of methyl malvalate has been defined by J. J. Mac- H. E. Nordby, Doctoral Dissertation, University of Arizona, 1963; R.

farlane, F. S. Shenstone, and J. R. Vickery, N ature, 179, 830 (1957); B. Breslow, P. Gal, H. W. Chang, and L. J. Altman J . A m e r C h e m ^ S o c ., 87,
Craven and G. A. Jeffrey, ib id ., 183, 676 (1959); A. C. Fogerty, A. R. John- 5139 (1965); S. D. McGregor and W. MJones, rbrd 90 123 (1968L
son, J. A. Pearson, and F. S. Shenstone, J .  A m er. Oil Chem. S oc., 42, 885 (8) C/„ H. W. Kircher, J .  A m er Oil Chem . S oc., 41, 4 (1964) ; P. K. Ra; u
(1965) an<̂  ■̂ e*ser> L ip id s , 1 , 10 (1964); N. K. Hooper and J. H. Law, J .  L ipid,

(6) C f„  H. H. Schlubach and K. Repenning, Ju stu s  L ieb ig s  A nn. C hem ., R es., 9, 270 (1968). A longer reaction period than that originally called
614, 37 (1958); G. Grimmer and J. Kracht, Chem. B er ., 96, 3370 (1963). for was found to be beneficial.
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sulfoxide yielded malvalonitrile (7), and finally, propenium ion-acid chloride 14 was esterified with 1
saponification and esterification with diazomethane led mol of methanol to give the ion-ester 15, and this was
to the desired methyl malvalate (8). The yield of reduced with sodium borohydride to the final product,

methyl malvalate (8). The overall yield from dibasic 
CH3(CH2)7C=CH —*- acid 12 was in the order of 40%.

1
COOH C8H17C=C(CH2)6C1 —► C8HI7C=C(CH2)6CN —►
I 2 10

/ C\ COOH
C8H17C=C(CH2)6C1 —► C8H17C=C(CH2)6C1 I

2 3 C8H.7C=C(CH2)6COOCH3 —*> CH —>
{ 11 C8H17C==C(CH2)6COOH

coci COOH 12

k  '« r  x h
w A w  -  C .H .Z -W c , o w i W »  A "  ~  C.H„C-C(C„,.COC, -

5 4 9 C8H„C=C(CH2)6COCI 14
1 13’ ¿¿s' (3 steps)

A „, A H. *A H ^
C8H17C=C(CH2)6C1 —  C8H17C=C(CH2)6CN C8H17C==C(CH2)6COOCH3 —► C8H17C=C(CH2)6COOCH3

6 7 15 8

CH2 The reagent pair, diethylzinc and methylene iodide,
c  h r—r r by inserting a methylene group into an olefinic bond,
s i7 ( H2)6COOCH3 can develop a cyclopropane.9* If the method were 

8 applicable to acetylenes, methyl 8-heptadecynoate (11)
, , , , . . , ,  _ 0 ,, _ , could be transformed in one step to methyl malvalatemethyl malvalate from l-chloro-7,8-methano-7-hexa- ro\ c , , ,

decene (6) was 72% and from l-chI„,„-7-hs*ade«y„e <f>„ Un,°rtanately ^
(2) was 23%. The ester was homogeneous as judged The syntheses ,.<:a|lz,:d her‘' the t0 preparing
by hm layer chromatography as well as by the gas- meth , maIvalate labeW , /  ific ¿ ¿ ¡ ¿ J  „ it£
liquid chromatographic behavior of its methanethiol radioactive carbon.«»
adduct. 1 he nuclear magnetic resonance and infrared
absorption curves were consistent with the assigned
structure. Experimental Section10

M *th7 l \6-meThano-5-undecenoate was similarly i-Chloro-7-hexadecyne (2) ,6—A mixture of white powdery 
synthesized by starting with l-chloro-4-decyne and lithium amide (1.15 g, 0.050 mol) and 6.9 g (0.050 mol) of freshly
proceeding through an analogous series of intermediates, distilled l-decyne (1) in 50 ml of dioxane that had been distilled
all well characterized. The decarbonylation step in from hthium aluminum hydride directly into the reaction flask
this series made use of aluminum chloride instead of wa* •stlrred and heated m _ a bath at 125-130° To control the• it • i initial vigorous forthing, the bath temperature had to be lowered

c c on e. for ghort periods. Then the vigorously stirred brown mixture
lwo alternate pathways for synthesis of methyl was boiled for 7.5 hr. Redistilled 1,6-dichlorohexane (23.3 g,

malvalate were also explored. Instead of first removing 0*15 mol) was added in one portion to the slightly cooled dioxane
the unwanted carooxyl group from the cyclopropene suspension, which was then heated and stirred further for 2 days.
ring of intermediate 3 to give 6 and then attaching the f S t T h r ' ’ "-01° ’’" ,l ‘he ^
necessary carbon atom (6 to 7), the steps were reversed, The cooled mixture was treated carefully with 85 ml of water 
so that the chain in 3 was first extended by one carbon and then extracted with several portions of ether. The extracts
(3 to 9) and only then was the ring carboxyl removed were washed twice with water and once with saturated salt solu-
(9 to 7). Although successful, this sequence offered no |fn' alnd1«hen were.dri?d *'ith, sodiu”  Distillationdrlvon+ofTM orrrl „ no a a a. through a 16-in. spinning-band column afforded several fractions,advantages and was not pursued. Another pathway 0f which the second was recovered 1,6-dichlorohexane [12.1 g,
was modeled alter the earlier synthesis of methyl bp 90-91° (19 mm)], and the fourth was water-white l-chloro-7-
sterculate from methyl 9-octadecynoate.3 The starting -------------
ester, methyl S-heptadecynoate (11), came from the
corresponding nitule 10, which in turn was obtained and m. b. Floyd, Chem. Comm., 287 (19 7 0).
either from l-chloro-7-hexadecyne (2) Or l-iodo-7- h0) Infrared absorption curves were taken with double-beam recording
b p v n d p o v n o  TTiKacdn o n id  n  „ „ „ „ „ __J  ; tr o m  • u  spectrophotometers. Nuclear magnetic resonance curves were taken on anexaaecyne. Dibasic acid 12, prepared in 72% yield 60-MHz instrument purchased with funds made available by National
from the copper-catalyzed reaction of diazoacetic ester Science Foundation under Grant GP 3618. Chemical shifts are reported in
with methyl 8-heptadecynoate (11) followed by saponi- parts per ,million d°™nfield from tetramethylsilane. Boiling points andfioo+ivan r , „ ■,.. ,• ■ , . , . . . _ melting points are uncorrected. Analyses for elementary composition werefication, was converted to its diacid chloride 13. De- performed by S. M. Nagy, Microchemical Laboratory, Belmont, Mass.;
carbonylation with the help of zinc chloride removed Galbraith Laboratories, Inc., Knoxville, Tenn.; and Chemalytics, Inc.,
the carboxyl carbon from the ring (as in 14) but did not TelT \ Ariz- For ‘i“11 layer «hrom»‘og™Phy silica gei on glass plates or

a i i ln t*ie *orm °* flexible strips were purchased from Eastman Kodak Co.attaCK til© terminal group. Aluminum chloride and Gelman Instrument Co., and Brinkman Instruments, Inc. Iodine vapor
ferric chloride were also effective in selectively and proved convenient and effective in making the spots visible. In most of
rapidly decarbonyiating the ring carboxyl. The cyclo- ^
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hexadecyne [bp 115-118° (0 . 1 1  mm), # d 1.4602], Both ma- at 3.45 ppm relative to all the rest. No signal for the carboxylic
terials were 99% homogeneous according to gas-liquid chromatog- H was seen.
raphy on a 6 -ft neopentyl-glycol-succinate isothermal column at In another 0.020-mol run, saponification was effected by heat- 
140 and 195°, respectively. The yield of chiorohexadecyne (2 ) ing the crude adduct in a bath at 98° for 2 hr with a solution of
was 8.4 g (65% based on decyne or 45% based on 1,6-diehloro- 0.08 mol of sodium hydroxide in 225 ml of 2-propanol and 4.5 ml
hexane not recovered). Another run on a double scale and with of water. Chromatography of the acid fraction over silica gel
an 80-hr reaction period gave the product in 72% yield (50% deactivated with water (5%) and with 8:1 hexane-ether as
based on dichlorohexane). eluting solvent afforded a faintly yellow oil (63%), which accord-

A sample was prepared for analysis by chromatography through ing to thin layer chromatography and infrared absorption con-
a column of silica gel with hexane as the eluting solvent. The sisted of practically pure chloro acid 3 .
colorless material, carefully freed of solvent, showed a single spot l-Chloro-7,8-methano-7-hexadecene (6).—A mixture of 3 . 8  g 
on a thin layer plate (hexane solvent). (0 .0 1 2  mol) of homogeneous l-chloro-7,8-carboxymethano-7-

Anal. Calcd for Ci6H29C1: C, 74.81; H, 11.38. Found: C, hexadecene (3) and 3.1 g (0.024 mol) of oxalyl chloride was
74.83; H, 11.05. stirred at room temperature for 5.25 hr. After removing most

The infrared absorption curve was not particularly informative, of the volatile material, the viscous residual oily acid chloride 4

although a C-Cl band was noted around 725 cm“1; nmr (50% in was pumped at 0.15 mm for a day: ir (neat), 1775 (but not at
CCh) 5 0.88 (poor triplet, C H 3), 1.29 (complex), 2.07 (complex, 1690), 1905, 980 cm-1. Use of ether solvent gave about the same
CHo’s at 6  and 9), 3.42 (t, J  = 6  Hz, C H 2 at position 1). The results, as did replacing oxalyl chloride with thioriyl chloride, or
integration ratio of the 3.42-ppm signal to all the others was using a threefold instead of a twofold excess of oxalyl chloride, 
close to the required 2:27. To the clear stirred solution of the acid chloride (0.012 mol) in

l-Iodo-7-hexadecyne could be prepared by starting with 0.43 25 ml of azeotropically dried methylene chloride was added 1.72
mol of lithium amide, 0.40 mol of 1-decyne, and 0.45 mol of g (0.013 mol) of granular zinc chloride. The mixture, which
1 ,6-diiodohexane and following essentially the above procedure. frothed and very soon changed from orange to purple, w'as
The iodohexadecyne was obtained as a faintly yellow liquid, stirred for 4.5 hr. At this time most of the solid had dissolved11
bp 140-143° (0.01 mm), homogeneous according to gas-liquid and the bubbling had stopped.
chromatography, in 64% yield: nmr 8 0.88 (diffuse triplet, The decarbonylation mixture was added over 10 min to a
CH3), 1.2—1.6 (multiple!), 1.9-2.2 (multiple!, CHVs at positions stirred, —80° solution of lithium aluminum hydride (0.57 g or
6  and 9), 3.15 (t, J  = 7 Hz, CH2I). The integration ratio of 0.015 mol) in about 60 ml of ether that had been distilled from
the 3.15-ppm signal to all the others was 2:27. lithium aluminum hydride. The color was discharged inst.an-

l-Chloro-7,8-carboxymethano-7-hexadecene (3).—In a three- taneously. After another 2 0  min at -80°, the cooling bath
necked flask fitted with a vertical condenser, a magnetically was removed, and water (0 .6  ml), 0 .6  ml of 15% aqueous sodium
stirred mixture of l-chloro-7-hexadecyne (2, 5.15 g or 0.020 mol) hydroxide, and more water (1.8 ml) were added. Filtration
plus 0.46 g of copper-bronze was brought to 130°. Distilled through diatomaceous earth (Celite) removed the gelatinous
ethyl diazoacetate (4.56 g or 0.040 mol) was added in small solids, which were rinsed on the funnel with fresh ether. After
portions directly onto the stirred mixture. The nitrogen sweep washing the combined yellow ethereal filtrates several times with
was interrupted just before the first addition, and thereafter saturated aqueous salt solution, the ether solution was dried
the evolving gases were led from the top of the condenser to a with sodium sulfate. Removal of all volatile material left 3.1 g
receiver over water. The bubbling observed after each addition of dark crude product 6 .
of reagent lasted 3-4 min, after which time another portion was Chromatography through a 2 X  121 cm column containing
introduced. When all the diazoacetate had been added (25 min), 90-95 g of fresh silica gel with hexane as developing solvent was
heating was continued for another 10 min. The gas that evolved effective in resolving the mixture. After a fast moving component
corresponded to 91% of the expected 0.040 mol. (0.1 g, Rt >0.9 on silica thin layer plates with hexane solvent)

The reaction mixture plus a solution of 2.7 g (0.048 mol) of had been removed with the first 200 ml of solvent, 1.6 g (50%) of
potassium hydroxide in 4 ml of water and 24 ml of methanol was the desired colorless l-chloro-7,8-methano-7-hexadecene (6 ),
boiled in a nitrogen atmosphere for 5.5 hr. Water (100 ml) and homogeneous by thin layer chromatography (Rt 0.64), came
hexane (50 ml) were added, and the separated aqueous phase through in the next 160 ml. An intermediate two-spot fraction
was extracted with several 25-ml portions of 1:1 hexane-ether. (0.33 g) emerged in the following 340 ml, after which 0.26 g of
According to its infrared absorption curve, the extracted ma- faintly yellow l-chloro-7-hexadecyne (2) appeared, with Rt 0.13 
terial contained much ester; saponification of this portion, freed (a second very faint spot was also visible). The yields given here
of solvent (1.3 g), was repeated using 0.2 g of potassium hydroxide are based on constant weights determined after long exposure to
in aqueous methanol. vacuum.

Acidification of the alkaline layer from the first saponification The slow moving recovered actylene 2 was identified by direct
at ice-bath temperatures to pH 5 with 4 N hydrochloric acid was thin layer chromatographic comparison with authentic material
followed without delay by ether extraction. The extracts were as well as by gas-liquid chromatography through a 10% silicone
washed, dried, and then stripped of solvent to leave 4.7 g of a oil column (SF-96) at 210-212°.
viscous brown oil. Similar treatment of the aqueous layer from In another preparation, the decarbonylated mixture was added
the second saponification afforded an additional 0.5 g. to excess sodium borohydride in methanol containing 2 mol of

The combined organic acids (5.0 g) were chromatographed on sodium hydroxide for every mole of starting acid chloride. The
a column of active silica gel (58 g) with 1 1. of 8:1 hexane-ether temperature was kept at —33 to —38°. The yield of homo-
as developing solvent. After careful removal of all volatile geneous l-chloro-7,8-methano-7-hexadecene (6 ) was about 30%;
material from the eluat.e, the oil remaining weighed 3.4 g (55%). some l-chloro-7-hexadecyne (2) was obtained here, too. The
From its thin layer chromatogram (hexane-ether-acetic acid cyclopropene product 6  was identical with the same material
100:40:1), which showed one dominant spot accompanied by produced from the lithium aluminum hydride reduction, as
two faint spots, this material was accepted as practically pure shown by identical ir and nmr absorption curves, as well as by
l-chloro-7,8-carboxymethano-7-hexadeeene (3). It was suitable the same results with the methanethiol adducts (see below),
for use in the next stages. l-Chloro-7,8-methano-7-hexadecene (6 ) showed the following

In another similar preparation, the chloro acid product 3 was properties: ir (neat) 725 (C-Cl), 1010, 1872 cm" 1 (the absence
chromatographed over silica gel containing some water (5%) and of any absorption peak at 1773 cm" 1 supported the absence of
with a solvent of 6:1 hexane-ether with gradually increasing any 1,3-disubstituted cyclopropene12); nmr (30% in CC14) S
proportions of ether. After removing volatiles, the chloro acid 0.75 (s, cyclopropene CH2), 0.91 (m, terminal CH3), 1-29 (m,
was pumped at room temperature (1 0 " 4 mm). -------------

Anal. Calcd for CigH3iC1 0 2: C, 68.65; II, 9.92; Cl, 11.26. (1 1 ) Speculation on the nature of the decarbonylation product is interest-
Found: C 68.80* H 9.76* Cl 11.09. ing. If a cyclopropenium salt is formed, the anion would be expected to be

This material on thin layer chromatography (hexane-ether- ZnCU”, since zine(ll) tends to coordinate with four ligands. If so, the
acetic acid 100:20:1) showed only one spot, Rt 0.87; ir (CC14) experimental 1:1 ratio of acid chloride to zinc chloride would provide too
1690 (C=0), 1900 cm" 1 (cyclopropene); nmr (25% in CCh) 5 zmc cMon,de \° m T aT
n  ,  J  , , . , , X t t  \ ** ort \ i  a -  /1 j  • i , would remain undissolved. The fact that 1 mol of zmc chloride dissolves as
0 .8 8  (ill-defined triplet, CH3), 1 .3 0  and 1 .4 0  (broad singlets, weii as the development of a deep color suggests the possibility of a tetra-
CH2 S at positions 2—o and 10—16), 1 .9 5  (s, cyclopropene H), hedral ic complex, possibly (7r-cyclopropenium)ZnCl3 [cf. D .  L. Weaver and
2 .4 2  (rn, CH2 at positions 6  and 9), 3 .4 5  ppm (1, J  -- 7 Hz, CH2 R. m. Tuggle, J .  A m e r .  C h e m .  S o c . ,  91, 6606 (1969)].
at position 1 ) .  Integration showed a ratio of 2 : 2 8  for the signal (12) G. L. Closs, A d v a n .  A l i c y c l .  C h e m . ,  i ,  74 (1966).
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CII2’s at positions 2-5 and 10-15), 2.39 (m, CII2’s at positions a stirred 145° mixture of dodecyl chloride (20.5 g or 0.10 mol)
6  and 9), 3.48 (t, J  = 6.5 Hz, CH2C1). The ratio of the area plus copper bronze (0.05 g). The crude reaction mixture was
under the last signal to all the others corresponded closely to the mixed with a solution of 9.75 g (0.17 mol) of potassium hydroxide
required 2:29. in 140 ml of methanol plus 24 ml of water, and the two-phase

Anal. Calcd for C17H31CI: C. 75.38; H, 11.54. Found: C, system was stirred and boiled for 3 hr. The recovered nonacidic
75.18; H, 11.41. material was a practically colorless oil (17.6 g, 8 6 %) which,

The methyl mercaptan adduct8 was prepared by allowing according to its infrared absorption curve, was unchanged start-
0.1142 g of the cyclopropene 6  to stand stoppered for 7 days at ing material. The small quantitity of acidic material, a mixture,
room temperature in ca. 2.9 ml of an ether solution previously was not investigated.
saturated with dry methyl mercaptan at 10° or below. A jet l-Chloro-4,5-(ethoxycarbonylmethano)-4-decene.—According
of pure nitrogen was directed to the surface of the reaction mixture to the same general procedure as described above, ethyl diazo- 
until the weight no longer decreased (0.1319 g or 98.1%). The acetate (11.4 g, 0.10 mol) was added over a period of 4.5 hr to
colorless liquid adduct on gas-liquid chromatography on a 10% 17.3 g (0.10 mol) of l-chloro-4-decyne plus 0.15 g of copper-
silicone oil (SF-96) column at 235° gave a single symmetrical bronze. The bath temperature was 150-155°. After another
peak. 2 0  min of heating, the liquid was fractionated through a spinning-

Methyl Malvalats (8) from l-Chloro-7,8-methano-7-hexa- band column to give 6.4 g (37%) of unchanged l-chloro-4-
decene (6 ).—A slurry of 0.108 g (2.2 mmol) of dry sodium cya- decyne, bp 33-35° (0.01-0.0001 mm). A portion of the residual
nide in 1 ml of dimethyl sulfoxide that had been dried with cal- oil heated in a bath at 65° was evaporatively distilled (10~ 4 mm)
cium hydride was stirred at 96° for a short time. l-Chloro-7,8- in a short-path apparatus over a 1 2 -hr period. The distillate
methano-7-hexadecene (0.45 g, 1.66 mmol) was injected from a was taken as the desired ester: ir 1720 (C=0) and 1900 cm-1;
syringe, and the magnetic stirring and heating (90°) was con- nmr (CC14) 8 0.97 (distorted t, distal CId3), 1.18 (t, J  = 7 Hz, 
tinued for 1.5 hr. Water (4 ml) was added to the cooled reaction OCH2CH3), 1.4-2.8  (m’s, chain CH2’s), 2.00 (s, cyclopropene
mixture, and the two-phase system was extracted with hexane. H), 3.60 (t, J  = 7 Hz, CH2C1), 4.03 (q, J  = 7 Hz, OCH2CH3).
The extracts, washed first with water and then with saturated A sample of the ester was sent for analysis after two more 
salt solution, were dried with sodium sulfate. The yellow mal- distillations.
valonitrile (7), freed of all volatiles, weighed 0.42 g (97%). Anal. Calcd for Cl4H23C102: C, 64.97; H, 8.96; Cl, 13.70.

A solution of this nitrile (1.6 mmol) with sodium hydroxide Found: C, 65.15; H, 8.95; Cl, 13.65.
(0.37 g, 9.2 mmol), water (0.3 ml), and 95% alcohol (2.4 ml) was l-Chloro-4,5-carboxymethano-4-decene.—A double-sized prep-
stirred and boiled for 7.5 hr and then was allowed to stand over- aration of the above ester was performed essentially as described
night. The clear orange solution was diluted with 5-7.5 ml of above. The crude reaction mixture, dissolved in 200 ml of
water plus 8-10 ml of methanol and then was shaken with 4 ml methanol and 40 ml of water containing 13.5 g (0.24 mol) of
of hexane. The two lower layers of the resulting three-phase potassium hydroxide was boiled for 3 hr. Considerable 1-chloro-
system were mixed with 10 ml of 1:1 hexane-ether and then were 4-decyne (12.9 g, 37%) could be recovered from the nonacidic
treated at 0° with 3 ml of 4 N  hydrochloric acid. With no un- fraction. The dark oily acidic fraction (30.5 g) was chromato­
necessary delay, the acid aqueous phase was further extracted graphed on a 3.7 X 27 cm column containing 200 g of silica gel
with hexane-ether, and the combined organic extracts were deactivated with 1 0  g of water; 2.51. of solvent was used, starting
washed with several small portions of water, dried with sodium with 5:1 hexane-ether and ending with 1:1 hexane-ether. Frac-
sulfate, and then carefully freed of all volatile material. The tions were combined on the basis of thin-layer chromatographic
residual orange malvalic acid, pumped at 0.1 mm, weighed 0.44 evidence. Faintly yellow l-ehloro-4,5-carboxymethano-4-decene
g (97%): ir (neat) 1710 and 2300-3400 (COOH), 1870, and 1005 (22.5 g, 49%) was obtained from the early fractions as one-spot
cm-1. material. A sample was evaporatively distilled at 90° (10- 4  mm).

This crude acid in 2 ml of ether was added in portions at 0° Anal. Calcd for C12Hic,C102: C, 62.64; H, 8.28; Cl, 15.39.
to 20-25 ml of an ethereal solution of diazomethane prepared Found: C, 62.64; Ii, 8.42; Cl, 15.52.
from 14 mmol of N-nitroso-N-methyltoluenesulfonamide.13 The acid in carbon tetrachloride showed ir absorption peaks at
Low-boiling materials were removed first by evaporation in a jet 1695 (C=0), 2300-3500 (OH), and 1905 cm-1; nmr (CC14) 5
of pure nitrogen and then by exposure to reduced pressure in a 0.92 (distorted t, CH3), 1.43-2.8 (broad signals, CH2’s), 2.00
rotary evaporator. The residual crude methyl malvalate (8, (s, cyclopropene H), 3.57 (t, J  = 7Hz,CH2Cl). The nmr curves
0.45 g) was fractionated by chromatography on a 2.4 X 30 cm taken before and after distillation were identical,
column containing 35 g of silica gel deactivated with 1.75 ml of A slower moving minor product (2.6 g), homogeneous accord-
water. The developing solvent was 15:1 hexane-ether. After ing to thin layer chromatography, was tentatively taken as 1-
the first 100 ml had been collected, methyl malvalate (8), methoxy-4,5-carboxymethano-4-decene on the basis of its nmr
homogeneous according to thin layer chromatography, emerged in curve: 8 0.90 (t, terminal CH3), 1.42 and 2.45 (m’s, CH2’s),
the next 40 ml. Most of the solvent was removed, and the clear, 1.96 (s, cyclopropene H), 3.26 (s, OCH3), 3.38 (t, CH2OCH3).
colorless residual oil was then kept under reduced pressures until l-Chloro-4,5-(chlorocarbonylmethano)-4-decene.—A mixture of
the weight held constant at 0.35 g (72% from l-c.hloro-7,8- 2.3 g (0.010 mol) of l-chloro-4,5-carboxymethano-4-decene with 
methano-7-hexadecene). colorless thionyl chloride (2.4 g, 0.020 mol) was shaken occa-sion-

This methyl malvalate spotted on a silica plate together with ally during a 45-min period. After removing volatiles, the black
the same material obtained from methyl 8 -heptadecynoate (1 1 ) residue was evaporatively distilled in a cold-finger apparatus at
and developed with hexane-ether-acetic acid (100:40:1) showed 60° (1 0 - 4  mm) to give 2 .0  g (81%) of the pale yellow acid chloride,
a single spot moving exactly the same as the other product. Anal. Calcd for Ci2IIi8Cl20: C, 57.84; H, 7.28; Cl, 28.46.
The neat material gave an infrared absorption curve identical Found: C, 58.11; H, 7.39; Cl, 28.74.
with the one from the alternative route, ir (neat) 1748 (C=0) The acid chloride darkens on standing at room temperature,
and 1870 and 1005-1010 cm-1; nmr (CC14) 5 0.72 (s, cyclo- becoming black after 2 days.
propene CH2), 0.88 (distorted t, CH2CH3), 1.29 (complex), 2.11 l-Chloro-4,5-methano-4-decene.—The cyclopropene acid (19.7
(m, CH2 at 2), 2.36 (m, CH2’g at positions 7 and 10), 3.59 (s, g or 0.085 mol) plus thionyl chloride (20 g or 0.17 mol) in 25 ml
OCH3). Integration shotved a ratio for the ester methyl group of ether was shaken for 1 hr. After most of the volatiles had been
signal to all other’s of 3:31, as required. removed, the red-brown oily acid chloride was pumped at 0.1

The methyl mercaptan adduct,8 formed as described below in mm for 1 hr.
100.4% yield, showed a single symmetrical peak at 21.2 min on Aluminum chloride (14.2 g or 0.11 mol) was rapidly weighed
gas-liquid chromatography through a silicone oil column (1 0 % and then added in several portions over a 1 0 -min period to a
SF-96) at 225° plus a faster moving blip (<$Cl%) at 9.2 min. stirred solution of the crude acid chloride in 85 ml of dry methy-

Additional information on the properties and purification of lene chloride at room temperature. After 0.5 hr, the dark,
methyl malvalate is given below. When purified malvalonitrile almost opaque, solution was added dropwise over 20 min to a
(7), prepared as described below, was hydrolyzed and esterified, vigorously stirred mixture of 4.1 g (3.11 mol) of lithium aluminum
essentially the same results were obtained. hydride and 425 ml of ether. Ice-bath cooling was employed.

Ethyl Diazoacetate with Dodecyl Chloride.—Diazoacetic ester After an additional 5 min, ether (25 ml) mixed with water (4~ml)
(13.7 g or 0.12 mol) was added dropwise over a 3.75-hr period to was cautiously introduced, followed by 85 ml of 2.5 M sodium
-------------  hydroxide solution. Crude dark-red product (14.5 g) was iso-

(13) See L. F. Fieser and M. Fieser, “Reagents for Organic Syntheses,” l a t e d  e s s e n t i a l l y  a s  d e s c r i b e d  a b c v e  i n  t h e  p r e p a r a t i o n  o f  t h e

John Wiley & Sons, Inc., New York, N. Y ., 1 9 6 7 , p  1 9 1 .  h i g h e r  a n a l o g  6 .
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Distillation through a spinning-band column allowed two thin layer chromatography (hexane-ether-acetic acid 100:85-1)
water-white fractions to be collected. According to gas-liquid was collected in several fractions in the last 2.4 1 of eluate
chromatography, the first fraction (0.93 g), bp 65-70° (1.8 mm), Anal. Calcd for C19H31N02: 0, 74.71; H, 10.23- N 4.59. 
was a 3:2 mixture of l-chloro-4-decyne (retention time 7.0 min, Found: C,74.50; H, 10.35; N, 4.38.
the same as authentic material) and l-chloro-4,5-methano-4- The neat material showed ir absorption peaks at 3500-2400 
decenê (retention time 8.0 min). Use of a 6-ft Apiezon M column 1685 (small shoulder at 1720), 2250, 1900, 990 cm“1- nmr (CC14) 
at 151° evidently caused little if any decomposition of the cyclo- 8 0.89 (t, CH3), 1.30 (multiplet), 1.95 (s,’ cyclopropene H) 2 28
propene. The second fraction (6.9 g), bp 72-74° (1.5 mm), still (poor t, CH2CN), 2.42 (m, CH2 at 7 and 10). 
showed a very small peak for l-chloro-4-decyne butwas essentially Appreciable amounts of product 9 were found in the earlier 
all l-chloro-4,5-methano-4-deeene. eluate fractions, but as two-spot material.

Anal. Calcd for CnHi9Cl: C, 70.75; H, 10.26; Cl, 18.99. Malvalonitrile (7) from l-Cyano-7,8-carboxymethano-7-hexa-
F ™ "d: C’ 70^ 8 ;l H > 9 :99; C} ’ 18'85- decene (9).—A solution of 1.1 g (3.6 mmol) of carboxymethano

ihe yield could be estimated as over 40%: ir (CC14) 1870 and derivative 9 in 10 ml of dry ether containing 1.1 g (9.0 mmol) of
1010 cm R nmr (25% in CC14) 5 0.78 (s, cyclopropene methylene) thionyl chloride was stirred in a dry atmosphere for 1.5 hr.
0.90 (t, terminal CH3), 1.40 (m), 1.8-2.9 (m, CH2’s at positions Removal of volatiles followed by pumping at 0.15 mm for 16 hr
3 and 6), 3.48 (t, J  = 7 Hz, CH2C1). The integration ratio of left 1.2 g of the orange acid chloride; ir (neat) 2250, 1900, 1775,
the 8 3.48 triplet to all the other signals was close to the correct and 1720 (w), 980 cm“1. Decarbonylation was effected by stirring
2:17’ a mixture of this acid chloride with zinc chloride (0.50 g, 3.6

Methyl 5,6-Methano-5-undecenoate.—A slurry of l-chloro-4,5- mmol) in dry methylene chloride (13 ml) for 3.75 hr. The
methano-4-decene (3.7 g or 0.020 mol), dried sodium cyanide color soon became dark red, and all but traces of the solid dis-
(1.2 g, 0.025 mol), and dimethyl sulfoxide (6 ml) that had been solved. The decarbonylation mixture was added over a 15-min
exposed to calcium hydride was stirred in a bath at 100-110° for period to a vigorously stirred solution of 0.68 g (18 mmol) of
1 hr. Processing the mixture essentially according to the corre- sodium borohydride in 16 ml of anhydrous methanol containing
sponding preparation of malvalonitrile (7) gave 3.3 g (93%) of 0.31 g (7.8 mmol) of sodium hydroxide. The temperature was
l-cyano-4,5-methano-4-decene as a pale yellow liquid: ir (CC14) -45 to -50° or lower. A small amount of methylene chloride
2250 (C=N), 1870 and 1015 cm 1. The nitrile, spotted on a helped to complete the transfer. The resulting yellow two-phase
silica plate and developed with hexane, produced a single spot mixture was stirred without cooling for 20 min.
at Ri 0.51; no sign of any material appeared at Ri 1, the value After adding 35 ml of water, the stirred mixture at —15° was 
determined on the same plate for the starting chloride. treated with 10.5 ml of 10% hydrochloric acid. The resulting

A solution of the nitrile (2.4 g or 0.013 mol) and sodium hy- frothing called for care. With no unnecessary delay, ether was
droxide (3.0 g) in 18 ml of 95% alcohol plus 2.2 ml of water was added so that the organic phase was the upper one. The lower
boiled for 11 hr. The 2.1 g of 5,6-methano-5-undecenoic acid aqueous layer was extracted further with ether, and the combined
isolated from this reaction mixture was dissolved in 8 ml of ether, organic extracts were washed with 5% sodium bicarbonate solu-
and this solution was added slowly and with stirring to an ice- tion, twice with water, and finally with saturated salt solution,
cold solution of ca. 1.5 g (0.036 mol) of diazomethane in 100 ml The dried solution, freed of all solvent, left a clear yellow-orange
of ether. The product (2.3 g) from this reaction was evapora- residual oil of crude malvalonitrile (7).
tively distilled at 80° (0.02 mm) in a short-path cold-finger Chromatography on a 2.1 X 45-cm column of silica gel (45 g) 
apparatus to give 1.8 g (59%from the chloride) of faintly yellow deactivated with 2.75 ml of water with 10:1 hexane-ether as 
methyl 5,6-methano-5-undecenoate. developing solvent furnished a series of fractions that were com-

Anal. Calcd for C43H2202: C, 74.24; H, 10.55. Found: C, bined on the basis of monitoring by thin layer chromatography 
74.10; H, 10.50. (hexane-ether-acetic acid 100:40:1). Removal of solvents first

Thin layer chromatography on a silica plate with hexane solvent in a rotary evaporator and then by exposure to a 0.1-mm vacuum
produced only a single spot, Rt 0.79; nmr (25% in CC14) 8 0.77 for 12 hr gave very faintly colored one-spot malvalonitrile (7,
(s, cyclopropene CH2), 0.90 (distorted t, CH2CH3), 1.40 (com- 0.19 g or 20%).
plex), 1.7-2.9 (complex, CH2’s at positions 2, 4, and 7), 3.58 Anal. Calcd for C)8H3iN: C, 82.69; H, 11.95. Found: C,
(s, COOCH3). The integration ratio of the ester methyl group 82.94; H, 11.68.
to all other protons was exactly 3:19. No signals corresponding The neat malvalonitrile absorbed in the infrared at 2250, 1870, 
to any kind of olefinic hydrogen could be detected at 8 > 4. 1725 (weak), 1010 cm“1; nmr (CC14) 8 0.75 (s, cyclopropene
Gas-liquid chromatography on a 6-ft Apiezon column at 151° CH2), 0.90 (ill-defined t, CH3), 1.30 (complex), 2.19-2.29 (poor
indicated a single component; a 6-ft neopentylglycol succinate t, CH2 at 2), 2.42 (m, CH2 at 7 and 10).
column at 159° gave a main peak as well as two small shoulders Although additional amounts of the nitrile could be detected
on the long-retention-time side of the main peak. We believe in all the other chromatography fractions, no attempt was made
that the shoulders, rather than indicating minor impurities in to isolate more of the homogeneous product,
the product, originate in the partial decomposition of the cyclo- l-Cyano-7-hexadecyne (10).—Pure dimethyl sulfoxide (500 ml) 
propene on the column.14 that had been dried with calcium hydride was poured into a

l-Cyano-7,8-carboxymethano-7-hexadecene (9).—Sodium cya- three-necked flask containing sodium cyanide (19.6 g, 0.40 mol) 
nide (0.91 g, 19 mmol) that had been dried at 100° (reduced previously held at 100° in vacuo. l-Chloro-7-hexadecyne (76.8 g,
pressures) was stirred for a short time with dry dimethyl sulfoxide 0.30 mol) was added dropwise to the stirred suspension heated
(5.5 ml) at 96°. l-Chloro-7,8-carboxymethano-7-hexadeeene in a 90° bath. Some tendency for the inside temperature to
(3, 2.5 g or 8.0 mmol) was introduced with the help of 1 ml of rise was noted. The mixture was stirred and heated at 105-
rinse dimethyl sulfoxide, and the stirred slurry was heated for 115° for 2.5 hr. The cooled mixture was poured into 1 1. of cold
I. 75 hr. Shaking the cooled mixture with 20 ml of hexane plus water, and the separated aqueous phase was extracted several
35 ml of 1.3% hydrochloric acid produced a troublesome emul- times with ether. After washing the ether extracts with water,
sion (pH <2) that could be broken by adding small portions of they were combined with the original dimethyl sulfoxide phase
salt, methanol, and ether. The organic layer was washed several and dried with magnesium sulfate. Removal of low-boiling
times with saturated salt solution, dried with sodium sulfate, materials followed by fractionation in a short-path still gave
and stripped of volatiles to leave 2.4 g of a dark brown residue. water-white l-cyano-7-hexadecyne (10), bp 130-132° (0.01
This was chromatographed on a 3.8 X 46-cm column of 150 g of mm), in 93% yield. Gas-liquid chromatography (6-ft silicone
silica gel deactivated with 7.5 g of water. Hexane-ether (3:1) oil SF 96 column at 218°) indicated a purity of 98%.
was used to condition the column as well as for the initial eluting A small amount of the product was further purified by prepara-
solvent (1.2 1.); the hexane-ether ratio was then reduced to 2:1 tive gas-liquid chromatography.
(2.3 1.) and finally to 1.5:1 (1.4 1.). The desired nitrile product Anal. Calcd for CnH29N: C, 82.52; H, 11.81. Found: C,
9 (1.34 g after long pumping, 55%), homogeneous according to 82.37; H, 11.69.
________  This material revealed only a single peak on analytical gas-

liquid chromatography through the silicone oil column at 218°
% Hr; Z  KirChT / \ i m£o°naZ em\SOn i1, 4 (1964);,42- ?99 or a 4-ft silicone rubber column at 227°; »“d 1.4578; ir (neat)(1965). F. G. Magne, tbid., 4 2 , 332 (1965). A. C. Fogerty, et a l., ref 5. ooen -i /nc\m • nrn \ t a oo r i + • i +

T. W. Hammonds and G. G. Shone, A nalyst. 91, 455 (1966). M. M. Hassan, 2260 »  pCl,) 8 0.88 (skew triplet, CH, ,
J .  Chem . U. A. J?., 9, 217 (1966). Some factors influencing gas-liquid chro- T2  ̂ (multiplet), 2.0 2.4 (m, CH2 S at position 2, 7, and 10).
matography results have been examined. See Recourt, et a l., ref 1, as well The integration ratio of the 2.0-2.4-ppm signal to the others was
as I. A. Wolff and T. K. Miwa, J .  A m er. Oil Chem . S oc., 4 2 , 208 (1965). 6:23, as required.
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When essentially the same directions were followed with 85 ml point was not pursued. Subsequent work showed that thin layer
of dimethyl sulfoxide, 3.8 g (0.080 mol) of sodium cyanide, and chromatography using Brinkmann silica plates with 1:1 nexanê -
18.0 g (0.052 mol) of l-iodo-7-hexadecyne, the yield of distilled ether containing 5-10% (v/v) of 1:1 acetone-acetic acid dif-
nitrile, bp 125-129° (0.1-0.03 mm), was 93%. Gas-liquid ferentiated well between the acetylenic acid, the desired cyclo­
chromatography showed less than 1% impurity. Alcohol was propene diacid 12, and the suspected triacid, 
also used successfully as the reaction solvent. The homogeneous product 12, which crystallized (mp 42-45 )

Methyl 8-Heptadecynoate (11).—A mixture of 98-99% 1- after some time in the refrigerator, gave lr absorption maxima
cyano-7-hexadecyne (10, 11.1 g or 0.045 mol), sodium hydroxide at 1700 (C=0) and 1900 cm 1 (cyclopropene); nmr (CC14) S
(9.0 g or 0.23 mol), 95% ethanol (115 ml), and water (10 ml) 0.88 (t, CH,), 1.3-1.43 (m, CH2’s at positions 3-7 and 11-16),
was boiled for 17 hr. The cooled solution was diluted with 275 1.97 (s, cyclopropene H), 2.32-2.42 (m, CH2’s at positions 2, 7,
ml of water and then washed with ca. 100 ml of hexane. Acidifi- and 10), 12.18 (s, COOH).
cation of the stirred and cooled solution by dropwise addition of Methyl Malvalate (8) from 8,9-Carboxymethano-8-heptadecen-
12 N hydrochloric acid to pH 3 was followed by dilution with oic Acid (12).—A solution of diacid 12 (3.9 g, 0.012 mol), oxalyl
water to about 700 ml and then extraction with ether. The ex- chloride (5.0 g, 0.040 mol), and 45 ml of dry ether was stirred
tracts were washed several times with water, dried with sodium at room temperature for 1.5 hr. After most of the volatile
sulfate, and stripped of volatile solvents at room temperature. materials had been removed, the residual light brown oily diacid
The faintly yellow residual solid was dissolved in 30 ml of dry chloride 13 was pumped at 10“3 mm to a constant weight of 4.3
ether and was treated with stirring and cooling with diazomethane g (99%): ir (neat) 1785 (poorly resolved , carbonyls) and 1905,
(estimated 3 g or 0.07 mol) by distilling diazomethane plus ether but nothing at 3100-3600 cm-1.
directly into the reaction flask. After a short time, excess The subsequent decarbonylation, esterification, and boro-
reagent was swept out in a stream of nitrogen. Distillation of hydridereductioninitsessentialsfollowedtheproceduredeveloped 
the remaining material through a Claisen head gave 11.8 g for the corresponding synthesis of methyl sterculate.3 After
(94%) of water-white methyl 8-heptadecynoate (11), bp 125- purification by column chromatography, the colorless product 8,
128° (0.03 mm). homogeneous according to thin layer chromatography, weighed

Anal. Calcd for QigHjiOs: C, 77.09; H, 11.50. Found: C, 1.5 g (34%); other fractions (6%) which were largely methyl
77.24' H 11.50. malvalate but with additional spots were also obtained. In

This product gave a single spot on thin layer chromatography other preparations, yields up to 43% were realized. All fractions
(silica gel, with 8:1 hexane-ether) and a single peak on gas- from chromatography give an immediate positive Halphen test.16
liquid chromatography (6-ft silicone oil SF-96 column at 220°). For the main fraction the following properties were noted.
In a similar run, the same product, analyzed on a 6-ft neopentyl- re25d 1.4545, w80d 1.4515; ir (neat) 1745 (C=0), 1875 (weak),
glycol succinate (10%) column at 197° or on a 6-ft silicone rubber and 1005 (medium) cm-1; nmr (20% in CCh) 5 0.75 (s, cyclo­
column (SE-30, 10%) at 218°, showed a purity of 99+%. propene CH2), 0.88 (distorted t, CH2CH3), 1.1-1.8 (complex),
Methyl 8-heptadecynoate (11) had the following properties: 2.20 (t, J  = ca. 7 Hz, CH2 at position 2), 2.35 (m, t, J  - ca. 7
mp —11 to —13°; w“d 1.4524; ir (CC14) 1740 cm-1; nmr (CCh) Hz, CH2’s at positions 7 and 10), 3.55 (s, OCH3). The integra-
S 0.88 (t, CH2CH3), 1.32-1.42 (complex), 2.08 (m, CH2’s at tions for the cyclopropene CH2, ester OCH3, and all the remaining
positions 2, 7, and 10), 3.60 (s, COOCH3). The integration ratio protons were in the ratio of 2 (estimated):3:29, as required for
of the methyl ester signal to the others was 3:29. Raman ab- methyl malvalate (8).
sorption spectra were taken on a sample obtained by preparative Anal. Calcd for Ci9H3402: C, 77.50; H, 11.64. Found: C,
gas liquid chromatography through a 10-ft Carbowax 20M 77.57; H, 11.47.
column at 205°. The pure neat ester 11 in a laser-based Raman Methyl malvalate (8), on attempted gas-liquid chromatog-
spectropho tome ter showed absorption peaks at 2237 and 2295 raphy through a silicone fluid (SF-96) column at 222°, produced
cm-1 with an intensity ratio of approximately 3:1. A pure two peaks, with an 85:15 ratio of the faster to the slower moving
sample of 4-octyne showed exactly the same kind of absorption, component.14 No new thin layer chromatography spots were
attributable to the disubstituted CfeC grouping. developed when methyl malvalate was stored under nitrogen for

8,9-Carboxymethano-8-heptadecenoic Acid (12).—According 4 days at —17°. For longer storage periods, the solid material
to the general directions described above, ethyl diazoacetate in sealed ampoules was held a t—78°. Samples that had become
(20.6 g, 0.18 mol) was added over a 6.5-hr period to 40.6 g yellc w on standing could be purified by chromatography through
(0.145 mol) of methy 8-heptadecynoate (11) mixed with 0.1 g silica gel or Florisil. Purification of the crude product could be
of powdered copper-bronze. The temperature was kept at 145- accomplished satisfactorily though less conveniently by reverse
150°. When arrangements were made to measure the evolved phase chromatography.3 Attempted fractional crystallization
nitrogen, it became clear that even at 140° the diazoacetic ester in acetone at —70° gave little sign of separation. Urea adduction
decomposition occurred smoothly, rapidly, and quantitatively. from methanol solvent at —5, —30, or —50° gave precipitates,
Saponification of the red-brown reaction mixture was effected but the material in the adduct and in the mother liquor differed
with potassium hydroxide (40.5 g, 0.72 mol) in boiling 95% but little in composition.17 Chromatography through a column
alcohol (180 ml) and water (20 ml) for 4.5 hr. Isolation of acidic of powdered urea with 50:1 hexane-methanol as eluting solvent
material afforded 50.2 g of a viscous orange oil, which was gave no separation. Short-path distillation involving a 5-min
chromatographed on a column (3.7 X 80 cm) of silica gel (360 g) exposure to 160° gave distillate showing distinct olefinic proton
deactivated with about 15% of its weight of water. Untreated signals in the nmr curve at 8 4.8 and 5.33-6.3. Although
silica (or Florisil) was not satisfactory, since the diacid moved evaporative distillation in a wide bore bulb-to-bulb apparatus at
much too slowly. The developing solvent at first was hexane 110° (5 X 10-4 mm) did not introduce olefinic impurities and
alone and then hexane with gradually increasing amounts of ether appeared promising, the method was not developed. Exposure
until the hexane-ether ratio was 2:3. About 4.25 1. was used. to temperatures greater than 120° is to be avoided.
Some 8-heptadecynoic acid (5.0 g or 13%), mp 29-32°, was When anhydrous ferric chloride or aluminum chloride was
recovered in the earlier fractions. On a thin layer chromatog- substituted for zinc chloride in the decarbonylation, evolution
raphy plate (hexane-ether-acetic acid 40:10:1), this acid showed of carbon monoxide was more rapid. When ferric chloride was
a single spot with the same Ri value as authentic 8-heptadecynoic used, mixing with borohydride in the reduction step produced a
acid. Later fractions, combined on the basis of thin layer chro- black precipitate (iron boride?) possibly effective in the catalytic
matography results, provided 34.3 g (73%) of single-spot 8,9- decomposition of the borohydride;18 the yield of methyl malvalate
carboxymethano-8-heptadecenoic acid (12) as a faintly yellow here was 10-30%. In general, aluminum chloride gave yields
oil, re25d 1.714. in the order of 20-30%, although in one exceptional case in the

Anal. Calcd for Ci9H3204: C, 70.33; H, 9.94; neut equiv, analogous synthesis of methyl sterculate, the yield was 45% from
162.2. Found: C, 70.55; H, 10.15; neut equiv, 165, 161. the corresponding diacid.

Although the above directions gave the best yield of diacid 12 -------------
(73%, 84% corrected for recovered starting acid), a more re- l15) In ter  a h a ' I- A- D’yakanov, V. V. Razm, and M. I. Komendantov,
producible yield of 65% (69% corrected) was realized with a 2:1 Tetrahedron  Lett., 1127 (1966); P. F. Wolf, Doctoral Dissertation Columbia
instead of a 1 25'1 molar ratio of diazoacetic ester to acetvlenic University, 1964; D issertation  Abstr., 26, 4251 (1966); T. Shimadate and Y.

, , . .. . - , , . .. c , , j. Hosoyama, B u l l .  Chem . S o c .  J a p . ,  40, 2971 (1967).ester and with a tenfold greater ratio of copper-bronze to diazo- (la) F c Magne j  Amer_ 0il Chem, Soc42i 332 (1965).
acetic ester. In almost all of the additions, a slow moving compo- (17) gee R E Feugei ei aim ref g.
nent emerged after the desired diacid 12. This could have been <18) N. G. Gaylord, “Reduction with Complex Metal Hydrides,” Inter-
the corresponding bieyclo[1.1.0]butane triacid product,16 but the science Publishers, Inc., New York, N. Y„ 1956, p 60.
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The Methanethiol Adduct* from Methyl Malvalate (8).—A 1.8 (complex), 2.0 (s, SCH3), 2.2 (distorted t, CH2C()OCH3)
sample of homogeneous methyl malvalate (0.333 g or 1.13 mmol) 3.60 (s, OCH3). The ratio of the area under the 3.60-ppm signal
was allowed to stand away from air for 8 days at room tempera- to all others was very close to the expected 3:35.
ture with 15 ml of a 10% benzene solution of methyl mercaptan.
After volatiles were blown off in a stream of pure nitrogen, the
residue was pumped in a high vacuum to a constant weight of Registry No.—2, 24471-13-4; 3, 24471-14-5; 6, 
0.389 g (100.5%). This methyl mercaptan adduct was colorless 24471-15-6; 7, 24471-16-7; 8,5026-66-4; 9,24471-18-9;
though faintly milky. It showed the same single spot on thin 10, 24471-19-0' 11 24471-20-3' 12 24471 23 6'

I - “ oro-4 ' t , ( et^ ^ bT nyimeti ‘a" o)-4-ieoene' 2 4 4 ii :tion. Preparative gas-liquid chromatography, using an 8-ft ¿ A r t ,  l-chloro-4,5-carboxymethano-4-decene, 24471-
10% silicone oil (SE-30) column at 230° with helium as the 25-8; l-chloro-4,5-(chlorocarbonylmethano)-4-decene,
carrier, provided approximately 0.3 ml of water-white product. 24471-26-9; l-chloro-4,5-methano-4-decene, 24471-27-
70T2aiHCnIC32fOrC20H88° 2S: C’ 70'12; H> n '18' Found: c ’ 0 ; methyl 5,6-methano-5-undecenoate, 24471-28-1;

The adduct gave one spot on thin layer chromatography on a l-cyano-4,5-methano-4-decene, 24471-29-2. 
silica plate with 8:1 hexane-ether as developing solvent. Gas-
liquid chromatography through a 6-ft silicone oil (SF-9B) column Acknowledgment.-We gratefully acknowledge the
at 230 produced a single symmetrical peak. The adduct showed i i__r Qai ,, -d . 7 /  T , , &XT ~
h25d 1.4702; ir (neat) 3060 (cyclopropane), but no peaks at P °* Southern Regional Research Laboratory, U. S.
1875 or 1005 cm“1; nmr (20% in CC14) 5 0.3-0.85 (complex, Department of Agriculture [Research Grant No. 12-
cyclopropane H’s), 0.90 (distorted t, CH3 at position 17), 1.1- 14-100-7992 (72)], that made this work possible.

C om pounds Derived from  l-M eth yl-4-p h osp h oran in on e.
A W ittig  R eaction  w ith  R eten tion  of Phosphorus

Da n iel  L ednicer

Research Laboratories of The Upjohn Company, Kalamazoo, Michigan 49001 
Recieved December 23, 1969

l-Methyl-4-phosphoraninone was condensed with a series of arylmagnesium bromides. The resulting alcohols 
were converted to a series of derivatives including l,2,3,6-tetrahydro-4-aryl-l,l-dimethylphosphorinium iodides.
These latter were allowed to react via their ylides with aromatic aldehydes to afford 3,6-diaryl-3,5-hexadienyldi- 
methylphosphine oxides. The reaction of these ylides with ketones also gave the corresponding dienes.

Though innumerable nitrogen heterocyclic com- dide (10-13) gave a series of stable, easily character- 
pounds have been prepared as potential medicinal ized compounds. In the case of the m-trifluoromethyl-
agents, their phosphorus counterparts remain largely phenyl derivative, one of the isomers of the alcohol was
unknown. Recent reports on the preparation and bio- isolated as its p-foluenesulfonate salt (14); attempts to
logical activity of the phosphorus analogs of a series of dehydrate this last compound were unavailing.
phenothiazines1 and the finding that 4-phosphorani- The Wittig reaction has come to be one of the most 
nones2 prepared from bis(2-cyanoethylalkyl)phos- versatile of methods for the elaboration of carbon
phines3 readily add Grignard reagents4 led us to use 1- chains; modifications of the reaction are legion.6’7
methyl-4-phosphoraninone (1) as the key intermediate Since this reaction involves in its first stages the genera­
tor the present work. tion of a carbanionoid center, the phosphonium salt

Reaction of ketone 1 with a series of arylmagnesium chosen usually contains but one group with hydrogens
bromides afforded the corresponding alcohols (Scheme a  to phosphorus. In the course of the reaction reor-
I). Because of the conformational stability of tri- ganization of the bonding in the intermediate betaine
valent phosphorus,5 these products would be expected results in the loss of phosphorus as a phosphine 
to be mixtures of the geometrical isomers about phos- oxide.8’9
phorus and C-4. Indeed, each of the oily alcohols ex- The quaternary salts 10-13 contain structural fea-
hibited a pair of P-CHs doublets in the nmr in a roughly tures which suggest a novel modification of the Wittig 
1:1 ratio. Reaction of these phosphines with methyl reaction: first, though there are three sets of a  hydro­
iodide afforded the quaternary salts; since this last gens, the allylic ring proton should be removed in pref-
reaction removes one of the centers of isomerism by erence to the others; and, second, collapse of the be-
symmetrizing the phosphorus, each alcohol mixture taine (Scheme II), as in the generally accepted mecha-
gave a single crystalline methiodide (2-7) (Table I). nism, should lead to a product in which the phosphorus

Alternately, the center of isomerism at C-4 was re- is retained, 
moved by conversion of the alcohol to the olefin. These Treatment of a suspension of the quaternary salt 11 
last products, though often crystalline, proved too in TH F with butyllithium followed by benzaldehyde
labile to air to characterize as the free bases. Conver- gave upon work-up and chromatography a crystalline
sion to either the p-toluenesulfonate (8, 9) or methio- compound (15). The nmr spectrum of this material

showed the presence of two aromatic rings (multiplets
(1) r . a . wiiey and j . h . Coiiins. j . Med. chem .. i2 ,146 (1969). from 8 6.9 to 7.7; 9 H), the three vinyl protons as multi-
(2) R. P. Welcher, G. A. Johnson, and V. P. Wystrach, ./. A m er. Chem .

Soc.. 82, 4437 (1960). (6) S. Trippett, Quart. Rev. (London), 1 7 ,  406 (1963).
(3) M. Grayson, P. T. Keough, and G. A. Johnson, ib id ., 8 1 ,  4803 (1959). (7) H. J. Bestman, Angew. Chem. In t. E d . E ngl., 4, 583 (1965).
(4) II. E. Shook, Jr., and L. D. Quin, ib id ., 89, 1841 (1967). (8) A. J. Speziale and D. E. Bissing, J .  A m er. Chem. S oc.. 85, 2790 (1963).
(5) L. D. Quin and H. E. Shook, Jr., Tetrahedron Lett., 2193 (1965). (9) M. E. Jones and S. Trippett, J .  Chem . Soc., C, 1090 (1966).
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T a b l e  I
4 - H y d r o x y - 1 ,1 - d i m e t h y l - 4 - a r y l p h o s p h o r a n in i u m  I o d id e s  

/— \ / C H °
X - C t f W  P+ I 

HO CH3
Compd Yield, ,-----------------Calcd, %----------------- . ----------------- Found, %----------------- -
no.“ X Mp, °C % C H I  C H I
2 H 228-230 41 44,59 5.76 44.66 5 81
3 p-CH30 212-214 58 44.22 5.83 33.38 44.21 5.72 33.40
4* p-Br 233-235.5 45 36.39 4.46 29.58 36.54 4.30 29.26
5 p-F 227.5-229 47 42.58 5.20 42.58 5.29
6 ot-CF3 142-148 28 40.21 4.58 40.75 4.72
7 p-CH, 182-183 44 46.17 6.09 45.94 6.12

“ Compound recrystallized from acetonitrile-ether. b Recrystallized from acetonitrile.

S c h e m e  I S c h e m e  II
9  r ~ \  < C H l f - \ d < CH3 E tX '=0

Ar^ C H , r ^ ArO P- 0 H , —

?• J~ ;0
Ar—f  P —► Ar—f  P— CH3

-  0H J  8 , X = p-OCH3 quence of the purification procedure rather than a ster-
| . 9, X — p-Br eoselective reaction, particularly in view of the less
I *  than 50%  yields. I t  is of note in this regard that, in
t \  the case of the tolyl compound (I5h, 15i) (Table I I ) ,

__  pn both possible isomers were obtained in pure form.

r h c <  j r x ) <  3 rX ^ O H ^  XCII3 XCH3 S c h e m e  III
2, X = H 10, X = H 9H0
3, X = p-OCH3 11, X = />()( XL r—> r—. .Cl I
4, X = p-Br 1 2 , X = p-F l  V /  p< r  + | 1  -
S> X = p-F 13, X = p-CH3 Xy*'==' '— f  N'CH3
6, X = m-CF3 11-13 y
7, X = p-CH3 1

P 3 p p_CH,'T!0H
cf3 '—\ / °

14 P—CH3

ch3
plets (5 6.4 to 6.9), the methoxyl as a three-proton sin- 1 5

glet at 5 4.9, the ethylene carrying the phosphorus as an
A2B 2 pattern of multiplets centered at 5 1.85 and 3.1, and The reaction of the cyclic ylides with representative 
finally the two methyl groups on phosphorus as a six- ketones similarly afforded the phosphorus-containing
proton doublet (</ =  13 Hz) centered at S 1.5. The dienes. Both benzophenone and cyclohexanone gave
double bond adjacent to the ring has perforce the trans the condensation products in workable yields. Though
con guration, since only a single isomer was isolated, the product from the condensation with acetone was
the geometry of the newly generated double bond can- obtained in good yield as a crude material, this product
not be assigned unambiguously. The uv spectrum of (18) proved difficult to handle; the yield of pure material
the product [Xmax 330 mM (e 53,000) ] suggests it to be was consequently quite low. 
the trans,trans compound. 1 0 As can be seen from Table 
I I  this reaction can be applied quite generally to the
preparation of substituted 3,6-diaryl-3,5-hexadienyldi- Experimental Section 1 1

methylphosphine oxides by the choice of the appropriate i-Methyl-4-(p-methoxyphenyl)-4-phosphoraninol.—To the ice-
salt and aromatic aldehyde. Though a single isomer cooled Grignard reagent prepared from 11.0 g (0.059 mol) of 
was isolated in most cases we consider this a conse-

(11) All melting points are uncorrected and reported as obtained on a 
Thomas-Hoover capillary melting point apparatus. Nmr spectra were 

(10) The corresponding uv spectra for trans,trans- and cis ,tran s-1,4- obtained in deuteriochloroform on a Varian A-60A spectrometer. The
diphenylbutadiene are Xmax 330 m/* (e 50,000) and Xmax 312 mu (e 30,000): author is indebted to the Department of Physical and Analytical Chemistry
J. Dale, A cta Chem . S can d ., 11, 971 (1957). of The Upjon Co. for spectral determinations and elemental analyses.
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T a b l e  II
3 ,6 -D ia r y l -3 ,5 -h e x a d ien y ld im et h y lp h o sph in e  Ox id e s

p -X C 6H4C = C H C H = C H — (p-C eH 4Y )

CH2CH2PO(CH3) 2

Compd Yield, ,----------- Calcd, %----- ------, ,----------- Found, %——---- .
no. X Y Mp, °C % C H C H
15a CH30 H 135-137 50 74.09 7.40 73.72 7.49
15b CHsO CH30 147-149 50“ 70.676 7.57 70.73 7.67
15c F CH30 167-169 41« 70.38 6.75 70.26 6.77
15d F F 122-125 21 69.35 6.11 69.02 6.51
15e F CH3' 141-143 51 73.66 7.07 73.41 7.05
15f F CHa* 117-119.5 20 73.66 7.07 73.42 7.68
15g F NO,« 177-179 13 64.33 5.67 63.97 5.91
15h CH3 H 130-132 45 77.77 7.77 77.27 8.21
15i CHS F 129-131 43 73.66 7.07 73.44 7.15

“Isolated without chromatography. b Nmr shows presence of 0.5 mol of acetone; calcd for C22H27O3P-0 .5 Me2CO. c trans,trans, 
Xmo* 323 (e 37,950). d trans,cis, Xmax 323 (e 36,000). * Recrystallized from aqueous methanol.

anisyl bromide and 1.45 g (0.06 g-atom) of magnesium in 50 ml toluenesulfonic acid in 200 ml of xylene was heated at reflux under
of THF (tetrahydrofuran) there was added 5.0 g (0.036 mol) of a Dean-Stark trap for 8 hr. The mixture was allowed to cool and
l-methyl-4-phosphoraninone in 50 ml of THF. The mixture was extracted thoroughly with water. The aqueous layer was made
allowed to stand overnight at room temperature, cooled in ice, strongly basic (under nitrogen) and extracted with ether. The
and treated with 50 ml of saturated ammonium chloride. Ether extracts were worked up in the normal way and converted to
was then added and the organic layer was washed with water. their methiodides.
The ether was extracted several times with 2.5 N hydrochloric 
acid. The gum which precipitated when the acid extracts were
made basic was taken up in ether. This last extract was washed I able ill
with water and brine, percolated through sodium sulfate, and 1 ,2 ,3 ,6 -T etra h yd ro -1 ,1 -d im eth yl-4 -a rylph o sph o rin iu m
taken to dryness. There was obtained 7 .7 3  g (9 8 % ) of the crude I od id es
alcohols as a viscous syrup.

Proceeding exactly as above, but using the Grignard reagents r.—v
from p-dibromobenzene, p-fluorobromobenzene, and p-bromo- p-X—C6H4—\ P+ I-
toluene, respectively, there was obtained l-methyl-4-(p-bromo- \—/
phenyl)-4-phosphoraninol (98%), l-methyl-4-(p-fluorophenyl)-4- 3

phosphoraninol (98%), and l-methyl-4-(p-tolyl)-4-phosphorani- Compd Yield, -—Calcd, %—. -—Found, %—.
nol. All these products were obtained as viscous oils and were no. X Mp, °C % C H C H
not characterized. 1 0  H 186-189 81 47.00 5.46 47.44 5.68

l-Methyl-4-(m-trifluoromethyl)-4-phosphoraninol p-Toluene- n 217-219 48 46.42 5.57 46.58 5.67
sulfonate (14).—To the Grignard reagent prepared from 22.5 g 1 2  p 222-224 72 44 54 4 89 44 85 4.95
(O.lOmol) ofm-trifluorobromobenzeneand 2 45 g of magnesium 184-185.5 43 48.57 5̂ 82 48.63 5.87
in 250 ml of THF there was added 5.20 g of the ketone m 50 ml 
of THF. The alcohol was obtained in the same manner as those
above. A solution of that oil in 200 ml of xylene was treated 3 ,6 -Diaryl-3 ,5 -hexadienyldimethylphosphine Oxides (Table II).
with 8.40 g of p-toluenesulfonic acid and the precipitated solid  jn a typicai experiment, 6 .4  ml of 1 . 6  N butyllithium in pen-
was collected on a filter. A small sample was recrystallized from tane wag a(](]ecj to a well-stirred ice-cooled suspension of 0.01
acetonitrile-ether to mp 201-205°. mol of the appropriate finely powder quaternary salt in 60 ml of

Anal. Calcd for C2oH24F30 4PS: C, 53.56; H, 5.34. Found: THF. At the end of 10-15 min a solution of 0.011 mol of the
C, 53.86; H, 5.07. appropriate aldehyde in 20 ml of THF was added to this. The

The remaining solid was reconverted to the free base to afford mixture was then stirred for 30 min at room temperature and 5
8.47 g (8 6 %) of oil. hr at reflUx. After cooling, 50 ml of saturated ammonium chloride

l-Methyl-l,2,3,6-tetrahydro-4-(p-methoxyphenyl)phosphorin ¡n ether was added. The organic layer was separated, washed in
Tosylate (8 ).—A mixture of the crude alcohol obtained from 5 g turn w;tp water and brine, and taken to dryness under vacuum,
of the phosphoraninone and 8.0 g of p-toluenesulfonic acid in The residue (except when crystalline; see Table II) was chro-
200 ml of benzene was heated at reflux under a Dean-Stark matographed on Florisil12 (elution with 1 1. of 20% acetone-
trap overnight. The mixture was then extracted in turn with Skellysolve B,13 then 100% acetone). The crystalline fractions
water and two portions of 2.5 N hydrochloric acid. The aqueous were combined and recrystallized from acetone-Skellysolve B. 
layer was then made basic under a blanket of nitrogen. The [3-(p-Fluorophenyl)-6,6-diphenyl-3,5-hexadienyl] dimethyl-
precipitated oil was taken up in ether and washed with water and phosphine Oxide (16).—The salt 12 (3.50 g) was converted to its
brine. A solution of 6.4 g of p-toluenesulfonic acid in 10 ml of ylide and allowed to react with 1.83 g of benzophenone. Follow-
acetone was then added and the precipitated solid was collected jng ĝ j,r Qf heating at reflux the mixture was worked up and
on a filter. The solid was recrystallized several times from aceto- chromatographed as in the general procedure. The product was
nitrile-ether to afford 6.25 g (48%) of solid, mp 161-162°. recrystallized from ethyl acetate to afford 2.67 g (6 6 %) of 16,

Anal. Calcd for C2oH260 4PS: C, 61.21; H, 6.42. Found: C, mp 173-176°.
61.00; H, 6.69. . Anal. Calcd for C26IT26FOP: C, 7 7 .2 1 ; H, 6.48. Found: C,

l-Methyl-l,2,3,6-tetrahydro-4-(p-bromophenyl)phosphorin 7 7 .1 9 ; H, 6.58.
Tosylate (9).—A mixture of 4.79 g of the crude alcohol obtained [3-(p-Fluorophenyl)-5-cyclohexylidene-3-pentenyl] dimethyl-
above and 3.40 g of p-toluenesulfonic acid in 100 ml of xylene was phosphine Oxide (17).—Cyclohexanone (1 ml) in 10 ml of THF 
heated under a Dean-Stark trap overnight. The mixture was was a(|(ieci to a solution of the ylide prepared from 3.50 g of the
allowed to cool and the solvent was decanted from the oily solid. gajt 1 2  The mixture was heated at reflux overnight and worked
The latter was washed with ether and recrystallized twice from up ag ah0Ve (chromatography omitted). The product was re­
methanol. There was obtained 1.92 g (25.5%) of the salt, mp 
210-215°.

Anal. Calcd for Ci9H22Br0 3PS: C, 51.71; H, 5.03. Found: (12) A synthetic magnesia-silica gel absorbent manufactured by the
C, 51.99; H, 5.27. # Floridin Co., Warren, Pa.

l,2,3,6-Tetrahydro-l,l-dimethyl-4-arylphoSphorinium Iodides (13) Skellysolve B, a petroleum fraction, bp 60-70°, sold by the Skelly
(Table III).—A solution of the crude alcohol and 2 equiv of p- Oil Co.
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crystallized twice from ace tone-Skelly solve B to afford 2.42 g 4; 8, 24699-88-5; 9, 24699-89-6; 10, 24699-90-9; 11,
(76%) of oxide, mp 125-127°, X™* 282 (e 26,200). 24699-91-0; 12, 24699-92-1; 13, 24699-93-2; 14,
_ Arud.Calcd for Ci.IGFOP: C, 71.22; H, 8.18. Found: C, 24699-94-3; 15a, 24691-52-9; 15b, 24691-53-0; 15c,

[3-(p-Fluorophenyl)-6-methyl-3,5-heptadienyl]dimethylphos- 24691-54-1; 15(1, 24691-55-2; 15e, 24691-56-3; 15f,
phine Oxide (18).—1The ylide prepared from 3.50 g of the salt 12 24728-09-4; 15g, 24691-57-4; 15h, trans,trans, 24691-
was allowed to react with 0.8 ml of acetone. There was obtained 58-5; 15h, trans,cis, 24691-60-9; 15i, tr a n s ,Ira n s, 24691-
on work-up 2.48 g of crude oxide, mp 81-95° A sample was 5g_6 i5i trails,cis,4728-00-5; 16,24699-95-4; 17,
rechromatographed and recrystalhzed from moist bkellysolve B ’ ’ is iimonc s
to give a sample (320 mg): mp 90-96°; 3300 cm-'; nmr 24/z,8-9b-t>; 18, 24099-96-0.
four aromatic protons (multiplets 5 6.8-7.6), two vinyl protons 
(multiplets S 5.9-6.7), ally lie methyl (three-proton singlets ats 2.82 and 2.9), P-CIh (6 H, doublet about 51.5, J = 13 Hz). Acknowledgment.—The author wishes to express his

Anal. Calcd for Ci6H22F 0 P H 20 : C, 64.48; H, 8.12. appreciation to Mr. D. Edward Emmert of these labora-
Found: C, 64.61, H; 8.00. tories for the preparation of sizable quantities of the

Registry No.—2 , 24699-83-0; 3, 24728-08-3; 4, various intermediates without which this work would
24699-84-1; 5,24699-85-2; 6,24699-86-3; 7,24699-87- not have been possible.

Synthesis of 2,6 ,7-T rioxa-4-p hosphab icyclo[2.2 .2]octan e System s

J .  W. R ath ke , 1 J .  W. Gu y e r , and J .  G. Verkade

Department of Chemistry, Iowa State University, Ames, Iowa 60010 
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The formation of P(CH20)3P from P(CH2OH)3 and P(OMe)3 is shown to be highly dependent on the manner 
in which the triol is prepared. Neutralization of [P(CH20H)4]C1 with NaOH produces 1 mol of H20 which is 
difficult to remove and leads to extensive hydrolysis of the P(OMe)3 when transesterification is attempted.
Treating the salt with an equimolar quantity of NaOMe, although eliminating the hydrolysis problem, results 
in appreciable isomerization of P(OMe)3 to Me(0)P(0Me)2. In neither case does P(CH20)3P form in con­
sistent or reasonable yields. The isomerization side reaction is shown to be due to small amounts of unneu­
tralized phosphonium salt. A 20% molar excess of NaOMe over salt results in 20-30% yields of P(CH20)3P 
and only a trace of Me(0)P(OMe)2 side product. The synthesis and characterization of the new compounds 
P(CH20)3As, 0P(CH20)3As, P(CH20)3SiMe, and MeC(CH20)sSiMe are also reported.

In 1965 we reported2 what appeared at the time to be attest to the reliability of our syntheses7 of these com- 
a straightforward synthesis of P(CH 20 ) 3P by the trans- pounds.
esterification of P(CH 2 OH) 3 with trimethyl phosphite We show in the present report that the formation of 
in tetrahydrofuran. Since then we have experienced P(CH 20 ) 3P is very sensitive to the manner in which the
little success in consistently repeating the synthesis. P(CH 2OH ) 3 is prepared from the commercially avail-
Moreover, it has come to our attention that several able [P(CH 20 H ) 4 ]C1. I t  is also demonstrated that
other investigators have had similar difficulties, al- P(OM e ) 3 undergoes deleterious hydrolysis and re­
thought there is one published report3 in which the com- arrangement reactions whereas As(OMe) 3 and MeSi-
pound was successfully prepared by our method. We (OMe) 3 are quite stable to rearrangement. The ar-
thought it appropriate, therefore, to examine the syn- senic and silicon esters with P(CH 2OH ) 3  lead to the
thesis more closely in an effort to elucidate the nature new bicyclic compounds P(CH 20 ) 3As and P(CH 20 ) 3-
of the side products in the reaction of P(CH 2OH) 3 SiMe, respectively. Also reported for the first time
with P(OM e)3. Moreover, it was highly desirable to are 0P (C H 2 0 ) 3As and MeC(CH 20 ) 3SiMe.
determine the conditions necessary for a more reliable
preparation of P(CH 20 ) 3P since this difunctional non- „  . , „ .
chelating ligand has been found to exhibit interesting xpenmen a ec ion
coordination properties. 4 Elemental analyses were carried out by Chemalytics, Inc.,

I t  is not obvious a priori why the transesterification Tempe, Ariz., or Galbraith Laboratories, Inc., Knoxville, Tenn. 
of P(CH 2OH ) 3 with P(OMe)a should be more difficult Molecular weights were obtained on an atlas CH-4 single- 
,, -, .. Tin/mr nm focusing spectrometer at 70 ev. Infrared spectra were obtained
than the analogous reaction with RC(CH 2 0 H ) 3  or on a Perkin-Elmer Model 21 double-beam spectrometer using
cfs-1,3,5-cyclohexanetriol. These latter triols with sodium chloride optics. Proton nmr spectra were obtained on a
P(OM e ) 3 afford ?(O CH 2)3C R and P(OCH)3 (CH2)3, Varian Associates A-60 spectrometer using tetramethylsilane as
respectively, in high yields and numerous reports in an internal standard. Melting points were taken in capillaries
the literature from other laboratories3 as well as ours6 % ( cH2OhT - T o a well-stirred solution of 19.05 g (0.1 mol)
on the use of these bicyclic phosphites in other reactions of [P(CH20H)4]C1 in 75 ml of anhydrous methanol, 65 ml of

methanolic NaOCH3 containing 1 g of NaOCH3 in 10 ml of MeOH
(1) NSF Undergraduate Research Participant, 1969. was added all at once, the latter being in about a 20% excess of
(2) K . j . Coskran and .1. G. Verkade, Inorg. Chem., 4, 1655 (1965). the equimolar amount. The mixture was allowed to stir for 15
(3) W. McFarlane and J. A. Nash, Chem. Commun., 127 (1969). min during which time the NaCl precipitated. A small amount

si4)9 2 ' 7 i U970)and' AUiS°n' a"d J' Verkade’ J ' Amer' Chem' °f dry ether (about 15 ml) was then added to precipitate the last
°(5) 8^ (or example, F. Basolo and H. G. Schuster-Woldan, ibid., 88, traces of NaC1’ whieh was subsequently removed by filtration.

1657 (1966); C. S. Krainanzel and P. K. Maples, Inorg. Chem., 7, 1806 ____________
(1968).

(6) See, for example, A. C. Vandenbroucke, D. G. Hendricker, R. E. (7) J. G. Verkade, T. J Huttemann, M. K. Fung, and R. W. King,
McCarley, and J. G. Verkade, ibid., 1 , 1825 (1968), and references therein. ibid., 4, 83 (1965).
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The resulting solution of P(CH2OH)3 was strongly basic when A 61.2% yield of product as colorless crystals (mp 91-92°) was
tested with moist pH paper and gave no further precipitate upon realized. The very hygroscopic crystals were stored under dry
introduction of a few additional drops of NaOCH3 solution. nitrogen in a desiccator. The dipole moment of 1.58 D in benzene
Removal of the solvent by evaporation gave the triol as a clear at 25.0° was measured as described previously.9 Because of a
viscous liquid. small amount of decomposition noted after the measurements,

P(CH20)3P.—Freshly prepared P(CH2OH)3 (0.1 mol) was the experimental moment is probably precise to only ±0.15 D.
slowly added with constant stirring to a solution containing 24 ml Anal. Calcd for PC3H603As: 0,18.38; H, 3.09; mol wt, 196.
(0.2 mol) of P(OMe)j, an equal volume of methanol, and 1 ml Found: C, 18.39; H, 2.98; mol wt, 196.
of 10% methanolic NaOCH3. The methanol permits a homo- 0P(CH20)3As.—To a solution of 3.92 g (20.0 mmol) of P-
geneous reaction mixture but can be omitted giving a two-phase (CH20)3As in 100 ml of benzene was added 4.64 g (20.0 mmol)
reaction which gives P(CH20)3P in yields identical with those of benzoyl peroxide and the mixture was refluxed under nitrogen
obtained from the homogeneous reaction mixture. Upon com- flush for 2 hr. A yield of 85.5% of product as colorless needles
pletion of the addition of P(CH2OH)3, the reaction mixture was decomposing at 175° separated from the solution. A strong
heated to 90° and held at this temperature for several hours. infrared absorbance at 1195 cm-1 in CDC13 revealed the presence
Methanol, formed as the result of the transesterification reaction of a P=0 link in the compound. Calcd for PC3H604As: mol wt,

P(OCH,), + P(CHjOH), —  P(CH,0),P + 3CH.OH '  p k K à Æ - T o ' î L  g (0.100 mol) of P(CH,OH),
slowly distils from the reaction mixture. When no more metha- added under nitrogen flush 13.6 g (0.100 mol) of CH3Si(OCH3)3
nol was collected, the excess P(OMe)3 was swept out of the re- prepared as described previously.10 The reaction was carried
action with the aid of a slow N2 flush. Upon allowing the reaction out in a 250-ml flask equipped with a mechanical stirrer, distilla­
te cool, a crystalline but oily mass of crude product was obtained. tion condenser, and nitrogen inlet. The mixture was heated with
The oily nature of the crude product makes difficult the isolation stirring at 90° for 3 hr with a gentle nitrogen flush to remove
of pure P(CH20)3P. Nonetheless, two dissimilar purification methanol. After the reaction period the mixture was transferred
procedures have been found to give satisfactory results. to a sublimation apparatus and colorless crystals were sublimed

In the first method the crude product was stirred for about 1 from the mixture at 80° (2 mm). Purification was achieved by
hr with 50 ml of dry benzene while the mixture was kept at 70°. resublimation under vacuum at room temperature. There was
After decanting the benzene, the extraction process was repeated obtained a 41.9% yield of crystals (mp 61-62°). The extremely 
three more times. Evaporation of the extracts gave a liquid hygroscopic crystals could be stored for long periods only under
which solidified on standing. The solid mass was dissolved in vacuum. Anal. Calcd for PC4H903Si: C, 29.25; H, 5.52;
25 ml of benzene and the clear solution was decanted from the m°l 164. Found: C, 29.02; H, 5.46; mol wt, 164. 
oily, insoluble droplets that were also present. Final crystalliza- CH3Si(OCH2)3CCH3. This bicyclic compound was prepared
tion was effected by bubbling a slow stream of N2 through the ln the same manner as the previous compound except that 12.0 g
slightly warmed (30-35°) benzene solution until crystallization (0.100 mol) of CH3C(CH2OH)3 was used in place of P(CH2OH)3
commenced, whereupon it was cooled to 0°. The crystalline and 0.50 g of NaOCH3 was added to catalyze the reaction. The
solid was then separated from the small amount of remaining product was sublimed from the reaction mixture at 250° (2 mm),
solvent by rapid filtration. The last traces of solvent were re- Purification was achieved by resublimation of the colorless
moved under vacuum to give pure P(CH20)3P in the form of large, crystals at 60°. A 9.75% yield of colorless crystals (mp 106-
clear but soft crystals. The absence of any significant impurities 108°) was obtained. The extremely hygroscopic solid was stored
was confirmed by nmr spectroscopy, the spectrum being identical under vacuum. Anal. Calcd for C6Hi203Si: C, 44.98; H,
with that previously recorded of pure P(CH20)3P.2 7.56; mol wt, 160. Found: C, 46.11; H, 7.83; mol wt, 160.

Alternately, purification was accomplished by stirring the crude 
reaction product in three or four separate portions with excess Results and Discussion
ice water whereupon the oil dissolved almost immediately, leaving
the solid ester behind. The water was quickly drawn off through The course of the reaction between P(CH2OH)3 and 
a coarse frit and the solid was washed with benzene into a stirred p(OMe)j was followed by observing changes in the !H
mixture of benzene and anhydrous magnesium sulfate (approxi- , • . . i i i_ i i , -r,
mately 200 g of MgS04 in 400 ml of benzene). These operations nmr spectrum m ¿-butyl alcohol as a solvent Because
were performed quickly as P(CH20 )3P dissolves with hydrolysis the P(CH2UH)3 used in our earlier synthesis of P(CH.2-
quite rapidly in water. The exposure of P(CH20)3P to water has 0 )3P was prepared after the manner of Grayson11
not been allowed to exceed 30 sec and even minimal exposure to rather than by the procedure given in the Experimental
H20 undoubtedly has resulted in some loss of yield. Caution: gecti QUr nmr gtudies were made with p(CH
Allowing P(CHïO)zP moist with water to stand has occasionally rixTi iT • a v. +u
caused the material to burst into flames. After filtration of the Oxi)3 obtained by the reaction
benzene to remove MgS04, evaporation of the benzene gave E tO H
P(CH20)3P as a dry, crystalline powder which exhibited the P(CH20H)4C1 + NaOH------>
expected nmr spectrum. P(CH2OH)3 + NaCl + H2CO + H20

The purities and yields of P(CH20)3P have been found to be
nearly identical for the two purification procedures but the second The reaction mixture was prepared by adding slightly
method described can be completed in much less time and has more than an equimolar amount of P(OMe)3 to a solu-
been most often, albeit cautiously, used. Consistent yields of 20- tjon 0f the trj0i jn ¿-butyl alcohol12 and the nmr
30% of the theoretical have been obtained. Calcd: mol wt, 152. , , ,  . . .  . , u
Found: mol wt, 152. Caution: In this synthesis it is essential spectrum of the mixture was periodical y scanned
that the P{CHiOH)% used be strongly basic. It has been found in the If the major reaction is the transestérification, then 
lH nmr spectrum of triol which is nearly neutral or even slightly basic the 1H spectra of the appropriate compounds in Table I
(as in the case when the stoichiometric amount of NaOCHs is used) cm  , \ __  ̂ u,r,rJ -n ,
that considerable amounts of (P(CH2OH)t]+Cl- are present and P(CH2OH)3 + P(OMe)3 -->• P(CH20)3P + 3MeOH
will, when added to P(OCH3)3, give rise to a violent exothermic WQuld ghow thftt (&) the integrated area of the P(OMe)3
reaction which occasionally takes fire or explodes and from which no - «  ̂ ,i
P(CH,0)zP can be isolated. peaks would decrease 1.5 times as fast as the area of the

P(CH20)3As.—To 12.4 g (0.100 mol) of P(CH2OH)3 was P(CH2OH)3 methylene proton peaks, and (b) the
added, with stirring under nitrogen flush at room temperature,
16.9 g (0.100 mol) of As(OCH3)3 prepared as reported previously.9 (9) A. C. Vandenbroucke, R. W. King, and J. G. Verkade, Rev. S c i.
The mixture immediately formed a solid crystalline mass of crude Instrum., 89, 558 (1968).
product. Rapid nitrogen flush was continued for 15 min to W> D Seyferth and E. G. nochow J  Org Ch,em  20, 250 (1955k
remove most of the methanol. Benzene was added and the M' Grayson' German Patent llsl255; Chem' Abstr" 60’ 5S4ff
mixture was stirred until only a small amount of oil remained un- ( (12j‘ Not quite all of the triol dissolves in (.butyl alcohol regardless of the
dissolved. After filtration of the solution, the solvent was re- preparation used. Thus insoluble side products in minor quantities may
moved and the remaining product was sublimed at 4 0 °  (2 mm). form i ndeed P(CH 2OH)a has been found [W. J .  Vulbo, J. Org. Chem., S3,
------------------- 3665 (1968)] to react with the CH2O formed in the NaOH neutralization

(8) K. Moedritzer, In org . S yn., U , 182 (1968). reaction to give HOCH2OCH2P(CH2OH)2.
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T a b l e  I

•H N m r  S p e c t r a l  D a t a “

Compd Registry no. d *H (resonance) J  (nuclei) Solvent
P(CH20)3P 4579-03-7 4.54 (CH2) 8.8 (PCH) CDC1,4

2.8 (POCH)
P(CH20)3As 24647-30-1 4.61 (CH,) 9.4 (PCH) CDCls
0P(CH20)3As 24647-31-2 4.64 (CH2) 7.4 (PCH) CDCls
P(CH20)3SiCH3 24647-32-3 4.66 (CH,) 8.9 (PCH)' CDCls

0.11 (CHs)
H3C-Si(OCH2)3CCH3 24647-52-7 3.98 (CH2) CDCls

0.66 (CCHs)
0.20 (SiCH3)

(CHs)sCOH 75-65-0 1.22 (CHs) d
4.64 (OH)

P(CH2OH)3 2767-80-8 4.07 (CH2) 3.0 (PCH) (CH3)3COH
P(OCH3)3 121-45-9 3.44 (CHs) 10.6 (POCH) (CH3)3COH
CHsOH 67-56-1 3.31 (CHs) (CH3)3COH.
H(0)P(0CH3)2 868-85-9 3.75 (CHs) 11.5 (POCH) (CH3)3COH

6.75 (PH) 698 (PH)
CHs(0)P(0CH3)2 756-79-6 3.66 (OCH3) 11.0 (POCH) Neat

1.44 (PCH,) 17.0 (PCH)
[P(CH20H)4]C1 16980-25-9 4.73 (CH,) 2.0 (PCH) D20

“ 5 XH and J  values are in parts per million with respect to TMS and in hertz, respectively. b See ref 2. c 29Si chemical shifts and 
couplings will be reported later. d The data are for a (CH3)3COH solution saturated with P(CH2OH)3. The OH proton absorption 
is broadened compared with that in the pure solvent.

methyl proton area of MeOH would grow at twice the of dimethyl phosphite in spectra of the reaction mix-
rate that either member of the P(OM e), proton doublet ture. I t  was found, however, that anhydrous condi-
is decreasing. Using P(CH 2OH) 3 prepared by Gray- tions were not a sufficient condition for formation of
sons method , 1 1  however, it was found that 80%  of the P(CH 20 ) 3P. In a typical experiment, a violent, exo-
P(OM e ) 3 disappeared after 1 hr while the P(CH 2OH ) 3 thermic reaction yielding a viscous oil would occur
concentration decreased only about 10%. Three new upon mixing the two reactants neat. The gas in the
peaks appeared at the expense of the P(OMe ) 3 pro- reaction spontaneously inflamed in air indicating the
tons: a singlet (8 3.31) due to methanol (OCH3) and presence of phosphines. Since completely aliphatic
an OCH3 doublet (8 3.75, J  = 11.5 Hz) shown to arise triols under the same conditions undergo facile trans-
from H (0)P(O M e ) 2 by addition of an authentic sam- esterification with P(OMe ) 3 to give bicyclic phosphite
pie. The intensity ratio (1:2) of the methanol peak esters, it was of interest to determine the cause of the
to that of the new doublet showed that only 1 mol of uncontrollable exothermic reaction. New features in
methanol was formed from each mole of reacting P- the 4H nmr spectra of the viscous product of the reac-
(OMe),. At this point it was suspected that sub- tion included a doublet (J  =  17 Hz) at 1.44 ppm and a
stantial water contamination of the P(CH 2OH ) 3 doublet ( / =  11 Hz) of twice the intensity at 3.66 ppm.
stemming from its mode of preparation was hy- Moreover, the P(OM e), doublet was absent while the
drolyzing the P(OMe ) 3 and that H (0)P(O M e ) 2 was P(CH 2OH) 3 methylene proton absorption remained
the source of the new doublet. relatively unchanged. These doublets were found to

Although the liquid P(CH 2OH ) 3 was subjected to be superimposable with a spectrum of a pure sample of
prolonged evacuation in an effort to remove water, the M e(0 )P (0M e)2, and it is quite reasonable that in the
strong hydrogen bonding undoubedtly present in exothermic reaction sufficiently high temperatures were
P(CH 20 H ) 3-H 20  solutions retains the H20  in most reached (210 ° ) 1 3  to isomerize P(OMe ) 3 thermally to
cases. I t  is to be noted, however, that P(CH 20 ) 3P M e(0 )P (0M e ) 2 . 1 4  I t  was also suspected that perhaps
obviously has been obtained2 in poor to moderate unneutralized [P(CH 20 H ) 4 ]C1 might catalyze this
yield from P(CH 2OH ) 3 prepared according to Gray- reaction since small amounts of unreacted phosphonium
son’s method , 1 1  although the vast majority of attempts salt were detected in the nmr spectrum of the reaction
since have ended in failure. These successes may indi- mixture even when the mole ratio of NaOMe to salt
cate that sufficient water can be removed in some in- was 1.05. Indeed a 1:1 mol ratio of [P(CH 20 H ) 4 ]C1
stances such as in the case of rotary evacuation where and P(OMe ) 3 in methanol produced an exothermic reac-
a large and changing surface of water-containing mate- tion in which all of the phosphite reacted. About 40%
rial is exposed to the vacuum. of the phosphite is converted to M e(0)P(O M e ) 2 as

The most straightforward solution to this problem shown by the nmr spectrum, 
was to prevent the formation of water by the prepara- Apparently there are two likely ways in which this 
tion of P(CH 2OH ) 3 according to the equation isomerization reaction can arise. I t  is possible that the
[P(CH20H)4]C1 +  NaOCH3__=►- [P(CH 2OH)4] + cation is directly responsible, since it

P(CH2OH)s +  NaCl +  CH20 +  CH3OH has been observed that P(OMe ) 3 behaves similarly in
the presence of [MeP(OMe)3 ]BPh 4 . 1 3  Although the

The reaction of P(OMe ) 3 with dry P(CH 2OH) 3 was
performed under the same conditions as the reactions U3) l. v. Nesterov and a. y». Kessei, Zh. obsch. Khim.. 37, rm (:m7); 
just described in which hydrolysis was noted. The utsir. ct, 5 4 2 15° a « 7).

1 /» , n 1 1 , 1  1 , 1 1  (I4) J- K. van Wazer, ‘Phosphorus and its Compounds,” Vol. I, Inter-
absence of water was confirmed by the complete lack science Publishers, inc., New York, n. y., 19 5 8.
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mechanism of this reaction is unknown, the phospho- P(CH 20 ) 3As to 0P (C H 20 ) 3As. The formulation of
nium salt may provide a nucleophilic site for phosphite the latter compound as shown was deduced from the
attack v ia  a phosphorus or an oxygen lone pair. The presence of an infrared band at 1195 cm - 1  assigned to
nucleophilic site in the phosphonium salt could be the vP=0 which was absent in the reduced form and which
phosphorus or a released methylene proton. House1 6 appeared at 1200 cm “ 1 in 0P (C H 20 ) 3 CCH 3 . 1 9

notes that the Ph 3P+substituent will enhance the acid- Group dipole moments in polycyclic molecules are 
ity of an adjacent methylene hydrogen to a greater quite additive owing to the rigidity and symmetry of
extent than a carbonyl function. The [P(OMe)3]+ the molecules. 20 I t  is therefore possible to compare the
moiety may have a similar effect on the methyl protons experimental moments of P(CH 20 ) 3As (1.58 D) and
in the [MeP(OMe)3]+ cation. Similar arguments P(CH 20 ) 3P (3.10 D ) 2 1  with those obtained by consid-
might apply to the [P(CH 2OH)3] + group and its effect ering the appropriate vectorial sums of the P(CH 2)3,
on the methylene protons in the remaining CH2OH 0 3As, and 0 3P group contributions. The P(CH 2 ) 3

moiety. Although protons do effectively bring about contribution is taken as 1.19 D, the dipole moment of
the isomerization of P(OM e ) 3 , 1 6  a more likely source P(CH 3 ) 3 , 2 2  while the 0 3PAs and 0 3P moments of 2.6823
of these species in the present reaction stems from the and 4.13 D , 2 1  respectively, are the dipole moments of
dissociation of [P(CH 20 H ) 4 ]C1 to P(CH 2 OH)3, CH2 0 , the CH 3C(CH 20 ) 3As and CH 3 (CH 20 ) 3P molecules. 2 4

and HC1. 1 7  In  any case, a large excess of neutralizing Taking appropriate differences (inasmuch as the two
base is to be avoided in the preparation of P(CH 20 ) 3P, group contributions are opposed along the C3 axis of
however, inasmuch as P(CH 2 OH) 3 is destroyed under the cages), values of 1.49 and 2.94 D are calculated for
these conditions. 1 7  The presence of excess phospho- P(CH 20 ) 3As and P(OCH 2 ) 3P, respectively. The rea-
nium salt in the reactions carried out with P(CH 2OH ) 3 sonable agreement with the experimental values fur-
prepared by Grayson's method1 1  could also account ther substantiates the indicated structures of these
for the extensive hydrolysis of P(OM e ) 3 since this reac- polycycles.
tion is known1 8  to be acid catalyzed. Polycyclic systems of the type P(CH 20 ) 3 CCH 3 1 9 ' 25

In  sharp contrast to the difficulties encountered in and CH 3 C(OCH 2 )3CCH 3 2 5  have been studied previ-
the reaction of P(OM e ) 3 with anhydrous P(CH 2 OH)3, ously, and it is therefore not surprising that the silicon
the formation P(CH 2 0 ) 3As took place rapidly at room analogs P(CH 20 ) 3SiCH 3 and CH3Si(OCH 2) 3 CCH 3 could
temperature and in high yield. Trimethyl arsenite be synthesized. The relative ease of formation of P-
hydrolyzes more readily than P(OM e ) 3 to give solid (CH 20 ) 3SiCH3, however, again attests to the normal
A s20 3 and MeOH; so the preparation of anhydrous behavior of P(CH 2OH ) 3 toward transesterification
triol is essential. The difference in the two reactions except with P(OM e)3.
undoubtedly lies in the tendency for P(OMe ) 3 to isom-
erize to M e(0 )P (0 M e ) 2 and the absence of this prop- Registry N o.—CH 3Si(OCH 2 ) 3CCH3, 24647-57-2. 
erty in As(OR ) 3 compounds. The greater strength
of the 0 = P  link compared with the 0 = A s  bond is very Acknowledgment.—The authors are grateful to the
likely responsible as the driving force for the P(OM e ) 3 National Science Foundation for support of this re­
isomerization. Supporting chemical evidence for this search in the form of an Undergraduate Research Par-
reasoning is found in the ease of peroxide oxidation of ticipation Fellowship to J .  W. Rathke and a grant to

(15) H. O. House, “Modern Synthetic Reactions,” W. A. Benjamin, Inc., J .  G. Verkade.
New York, N. Y ., 1965.

(16) The adverse effect of protons in some triester formations is seen when (19) E . J .  Boros, R. D. Compton, and J .  G. Verkade, I n o r g .  C h e m . ,  7,
MeOH is treated with PCls in a 3 :1  mol ratio in CH2CI2. Only H (0 )P - 165 (1968).
(OMe)2 and MeCl in 1:1 mol ratio was produced as shown by nmr spec- (20) R . D. Bertrand, R . D. Compton, and J .  G. Verkade, J .  A m e r .

troscopy. I t  is well known in fact (ref 14) that P(OMe)a in the presence of C h e m .  S o c . ,  in press.
gaseous HC1 gives excellent yields of these products. In  the presence of 3 (21) F . Ogilvie and J .  G. Verkade, unpublished results,
mol of pyridine, however, 3MeOH +  1PCU gives only P(OMe)a as shown (22) D. R . Lide, J .  C h e m .  P h y s . ,  29, 914 (1958).
from the !H nmr spectrum. (23) A. C. Vandenbroucke, Ph.D. Thesis, Iowa State University, 1967.

(17) A. Hoffman, J .  A m e r .  C h e m .  S o c . ,  43, 1684 (1921). (24) We assume here that the C -C  and C -H  moments are negligible.
(18) G. M. Kosolapoff, “Organophosphorus Compounds,” John Wiley & (25) E . J .  Boros, K . J .  Coskran, R . W. King, and J .  G. Verkade, J .

Sons, Inc., New York, N. Y ., 1950. A m e r .  C h e m .  S o c . ,  88, 1140 (1966).
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The stereochemistry of bicyclo[2.2.1]hept-5-ene-3-n-hexanoyl-2-carboxylic acid (1) was elucidated and the 
chloro ketone (12) was prepared. The methyl ester of 15-dehydro-PGBi (23) was synthesized in 10%  overall 
yield from the chloro ketone (12) as described in Scheme I. Also presented are the unequivocal proof of struc­
ture 23 and evidence for the erroneous structural assignment to the free acid of 23 in the literature. Compound 
23 was converted into the methyl esters of 15-dehydro-PGE 237 (25) and racemic PG E 237 (26).

M ethyl bicyclo [2.2.1 ]hept-5-ene-3-n-hexanoyl-2-car- K
boxylate and the corresponding free acid have been S '
described in the literature,2 although the stereochem-
istry remained unknown. The free acid, prepared T  ^
easily from the readily available 5-norbornene-2,3- ®
endo-dicarboxylic anhydride, seemed to be a good 1, Ri = COC,5Hn: R2 = C02H
starting material for the chloro ketone (12), the key 2, Rl=C02H- R2 = COCTh
intermediate for the synthesis of the prostaglandins.3 3,Ri = COC5H„; R2 = C02CH3

The objectives of this work were to elucidate the 4, R^CO.CBj; R2 = COC5Hn
stereochemistry of these bicycloheptenes and to con- 5, R, = CHOHCsH,,; R2 = C02H
vert them into the properly functionalized prostanoic 6, R, = CH0HC5Hn; R2=C02CH3
acid3a derivatives.

Fraser4 described a method for determining the con- K
figuration of 2- and 3-substituted bicyclo [2.2.1 ]hept-5- 
enes. Upon hydrogenation of the double bond, the 2-
or 3-e.ro hydrogen exhibited an upheld shift, whereas \ t
the endo-hydrogen resonance exhibited a downheld ^
shift. This behavior was attributed to the magnetic 8 , R! =  COC5Hn; R2 =  C0 2H
anisotropy of the double bond. I t  is also known4’6 that 9, R, = COC5Hn; R2 = C02CH,
the 2- and 3-en d o  hydrogens of bicyclo [2.2.1 ]hept-5-enes 10, R, = CHOHC5Hn; R2 = C02CH3
are generally found 0.47-0 .67  ppm upheld from the
exo-proton resonances. To simplify our presentation h K
we have used the correct conhgurations throughout the
following discussion. —-COC5Hu

Bicyclo[2.2.1 ]hept-5-ene-3-n-hexanoyl-2-carboxylic T  q0 CH 0  \ I
acid (1) prepared by W alton’s procedure,2 was hydro- COCH * \ \ )
genated to 8 and subsequently both 1 and 8 were ester- H
ihed to give 3 and 9, respectively. The pmr data (sum- 7 11
marized in Table I) indicated that 1 and 3 must have T able I
one ex o  and one en d o  hydrogen at C-2 and C-3; that is Nmr Signalsc 0F c _2 AND c-3 Hydrogens

1 and 3 must be the tra n s  isomers. However, the pmr
data presented in Table I ht equally well for the alter- 2- ex0 H chemical shift6 3-«»*>H chemical shift6

. .  , r  , . , - , ,  (multiplicity, J  in Hz) (multiplicity, J  in Hz)
native tr a n s  conhguration (2 for the acid, 4 for the r ro n a tu
ester). To determine which tr a n s  structure is correct, ’ ’
the corresponding hydroxy acid (5), prepared by boro- I Hj
hydride reduction of 1, was esterified with diazomethane y
to give 6. The pmr spectra (see Table I) of 6 and the 8 6.62 (t, 4.5) 7.15C (d, 5.5)
hydrogenation product (10) were compatible only with 3  6.62 (t, 4.5) 7.22 (d, 4.5)
6 and 10, but not with the alternative tr a n s  structures. .

The methyl ester 7, from which 1 was prepared2 by I

(1) For a preliminary communication of some of these results, see M . A .
Miyano, T e t r a h e d r o n  L e t t . ,  2771 (1969).  ̂ 7 .46  (t, 4) In envelope region

(2) H. M . Walton, J .  O r g .  C h e m . ,  22, 308 (1957). .
(3) (a) P. W. Ramwell, J .  E . Shaw, G. B . Clarke, M. F . Grostic, D. G. j i 2

Kaiser, and J .  E . Pike, P r o g r .  C h e m .  F a t s  O t h e r  L i p i d s ,  9 (2), 231 (1968); T
(b) S. Bergstrom, S c i e n c e ,  157, 382 (1967); (c) S. Bergstrom, L. A. Carlson, „
and J .  R . Weeks, P h a r m a c o l .  R e v .,  20, 1 (1968); (d) S. Bergstrom and B . I® 7.60® (t, 4) In envelope region
Samuelsson, Editors, Nobel Symposium, 2, Prostaglandins, Almqvist and a Reference 16a. b Given in r. e A typical downfield sllift
Wiksell, Stockholm, and Interscience Publishers, Inc., New York, N. Y ., for endo H. d A typical upfield shift for exo H.
1967; (e) U. S. von Euler and E . Eliasson, “ Medicinal Chemistry Mono­
graphs,” Vol. 8, Academic Press Inc., New York, N. Y ., 1967; (f) V. R .
pickles, N a t u r e ,  224, 221 (1969). saponification, was different from the methyl ester 3

(4) r . r . Fraser can. j . c^m. 40,78 (i962). prepared from 1 with diazomethane. Taking into
(5) P . Laszlo and P. von R . Schleyer, J .  A m e r .  C h e m .  S o c . ,  86, 1171 • w i i i i  -

(1964). account the method ot preparation, 7 must be the c is ,-
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en d o  isomer. I t  was not possible to confirm the ex- Scheme I
pected upheld shifting of the ex o  hydrogen of 7 upon
hydrogenation of the double bond, because isomeriza- CH30 2CCH2C0 (CH2)7(X )2CH3 i - N«-t»nzene> 

tion to a tr a n s  isomer took place during the hydrogena­
tion (see Experimental Section).

Chemical evidence supported the pmr data; that is 9
the keto acid 1 was converted into the iodo lactone 11 C02Me 1  ^ oh- iia
by the well-known iodolactonization procedure.6 Me02C— Ti +--------- v

I t  was reported2 that the pyrolysis of 7 (without re- q T j  II
gard to stereochemistry) gave methyl 4-oxo-2-non- A A  0
enoate (18, without statement of the geometry), mp -
48.5°, in about 75%  yield. A reverse Diels-Alder 19

A f- 'A rc r  g-
12, R = COCH2CI 16, R = CH2C1

D 17,R = CH2OAc 20, R, = C02H;R2 = H
C1 18, R = OCH3 21,R1 = R2 = H

14, R = COCH2OAc 22, R, = H; R2 = CH3

15, R= COCH=N— $  \ — NMe2 O
' = '  L p ^ ^ ^ C 0 2M e

mechanism suggests that the nonenoate is probably c is  'A
if the starting material is en d o ,c is .  Repetition of Wal-
ton’s procedure2 gave only one crystalline product, mp 11

49°, in only 19.7% yield. The pmr spectrum (typical 0  2 3

AB-type olehnic protons, J  =  16 Hz) demonstrated,
however, that this was the tr a n s  olefin. The noncrys- system makes the C-13 and C-14 carbons tertiary ones,
talline portion was found to be the c is  olefin (major thus preventing undesirable condensations, for example,
component, J  = 12 Hz) contaminated by the tr a n s  between C-9 and C-14 (no dehydration can take place).
olefin, suggesting that the c is  alkene, the primary pyrol- The keto acid 2 0  was decarboxylated smoothly in
ysis product, was partially isomerized to the more stable quinoline to 21, which was then esterified with diazo-
geometric isomer. methane to 2 2 , and the ester was finally pyrolyzed to

Bicy clo [2.2.1 ]hept-5 - ene - Z - e x o - n -  hexanoy 1 - 2 - en d o -  afford methyl 9,15-dioxoprosta-8(12),13-ira?is-dienoate
carboxylic acid (1) was converted into the chloro ke- (2 3 , 15-dehydro-PGBi methyl ester) in 10-15%  overall
tone (12) by successive treatment with oxalyl chloride, yield from crude 12. The geometry of the 13,14 double
excess diazomethane, and finally with hydrogen chlo- bond in 23 can be predicted to be tr a n s  provided that
ride. The chloro ketone (12) was a poorly character- the C-13 and C-14 substituents in 22 are tran s . The
ized, low melting compound slightly contaminated by structure of 23 was well supported by the spectral data.
16 (see Experimental Section). However, crude 12 The expected uv maximum8 was 202 (five-membered
gave good yields of pyridinium chloride (13, further enone) +  30 (7 ,5 double bond) +  10 (a substituent) +
characterized as the crystalline nitrone 15) and the 12 (p  substituent) +  18 ( 8  substituent) +  x . Since the
acetoxy ketone (14). The latter was pyrolyzed to the increment (x ) of the fully transoid ketone9 is about 26,
frans-enedione (17) v ia  a reverse Diels-Alder mecha- the expected value for 23 should be about 298 m y The 
nism. actual uv (methanol) of 296 niju (e 22,800) was in good

The chloro ketone (12) was condensed with the agreement with the calculated value. In  addition, the
sodium derivative of dimethyl 3-oxoundecane-l,ll- two olefinic protons formed a typical AB pattern (,/ =
dioate7 to afford the triketo diester (19) which was 1 5 . 5  Hz, suggesting tran s)  and 23 was further character-
cyclized to the diketo diacid (20) (Scheme I). I t  must ized as the crystalline dioxime (24).
be emphasized that the cyclopentenyl-protecting group The free acid of structure 23 was incorrectly assigned 
possesses many unique advantages. The bicyclo sys- to another compound by Anggard and Samuelsson . 1 0

tern makes only one mode of condensation (19 20) T he Swedish workers treated 27 [uv in ethanol 230 m/i
possible, although 19 contains three ketonic groups and (e 3 4 5 0 ) ] wfth 0.5 N  sodium hydroxide in 50%  ethanol
several active methylenes or methines in the same mole- anq observed the shift of the uv absorption to a longer
cule. More specifically, the rigid system in 19 holds wavelength (280 mji, no extinction coefficient or any
the C-13-en d o  and C-14- ex o  substituents far enough
apart to eliminate certain undesirable condensations (8) A. j .  g00tti "Interpretation of the Ultraviolet Spectra of Natural
(for example, between C -ll  and C-15). The bicyclo Products,” a Pergamon Press Book, The Macmillan Co., New York, N, Y .,

1964, pp 58, 61, and 69.
(6) E . E . van Tamelen and M. Shamma, J .  Amer. Chem. Soc., 76, 2315 (9) Taking into account the dipole repulsion between C-9 and C-15 car-

(1954). bonyl groups, the full transoid conformation (23) is a good one.
(7) K . E . Arosenius, G. Stallberg, E . Stenhagen and B. Tagtstrom - (10) (a) E . Angg&rd and B . Samuelsson, J .  B iol. Chem., 239, 4097 (1964);

Eketorp, Ark. Kem i, M ineral., Geol., 26A, No. 19, 20 (1948). (b) B. Samuelsson, Angew. Chem., 77, 445 (1965).
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other physical data were given). They stated that the Table II

shift was probably due to the formation of 23 (the free Uv and Ir Spectra op Authentic and Synthetic 26
acid instead of methyl ester). However, the uv maxi- pGE 237

mum is different from 23 (uv in methanol 296 m/i) and pge 237“ methyl ester“ Synthetic 26
it seems unlikely to ascribe the shift of 16 m/i to the 237 (« 1 4 , 2 0 0 5 . 7 5  m 23 7 .5  (<= 15,600)“
difference of the free carboxylic acid and its ester, be- 5 .9 0  p 5 .7 6  m (ester)
cause the carboxyl function is far removed from the 6.11   ̂ 5 .9 0  n (ketone)
chromophore. Saponification of 23 with methanolic 6 .105  m (olefin)
alkali at room temperature resulted in total destruction “ Reference 13. b In ethanol. * In methanol, 
of the chromophore demonstrating that 23 is very un­
stable to alkali while Samuelsson’s compound was sup- Table III
posedly formed by an alkaline treatment. More care- Uv (in Methanol) and Nmr Spectra“ op 23, 28 and 29
ful saponification of 23 with 0 .1  N  methanolic sodium ,---------------- t—-------------- .
hydroxide at room temperature indicated that the dis- Uv, mM («) c-iih  c-i3H c-h  J u,u, Hz
appearance of the chromophore was about 3 to 10 times 23 296 (22 ,800) None 2 .2 2 6 3 .3 2 “ 15 .5
as fast as saponification of the ester group. The half- downfield
life of the chromophore in 0.1 M  potassium carbonate 28 291 .5  (24 ,600) 4 .8   ̂ ^
solution in 5 0 apueous dioxane at 25 was 8  hr. We 288® (27 200) 3 94-'" 2 356 3 35“ 16 0
next tried pyrolysis of 2 1  in an attempt to prepare the ’ ' 2 62 3 62

free acid directly. The pyroh sis product, which was „ p eferenoe ma. ’> A little broadened doublet owing to cou- 
not purified completely, showed a uv maximum at piing either with the C -ll  or more likely with the C-7 H. “ Doub
296-297 m/i (not at 280 m/i), and could be converted to let. d A hypsochromic shift of about 4-5 m/i by the 11-OH is ex- 
23 by treatment with diazomethane. pected.“ «For example, uv values (methanol) for 31 and 32 are

Additional chemical and spectral evidence supporting 231.5 12,000 ) and 229.5 m/< («13,900), respectively, while the
, , „„ , - , , m, j- .■ t  calculated value8 for 33 is 236 m/i. For the preparation of 31

structure 2 3  are presented below.  ̂ The formation of ari(] 32 see Experimental Section. 1A doublet of multiplets. »A
2 5  b y  zinc reduction is excellent evidence that the two hypsochromic shift of about 6 -7  m/t by the 1 1 -0 Ac is expected.“

ff01* co Me After this work had been completed, the methyl ester
^  ^   ̂ 2 of 30 was synthesized by another group of investiga-

tors16 and the identity of 30 with Samuelsson’s com- 
[I pound was suggested.

NOH 0  O

0  24  Q J O ^ ^ V / C O . M e  L ^ ^ ^ / C 0 2H

— ^C02Me II . . - x / x / x / 0 0 !11

I  h 6  0  30
25, R «0 27 29,11 A
26, R = H , OH

OII PQ QTJ
double bonds in 23 are located between two carbonyl /' - f ' — 4 3
groups. 11 The structure 25 was substantiated by the \  |
spectral evidence. The uv (methanol) of 238 rr./i (e | "'Me
13,400) was in agreement with the calculated value R
(236 m/i)8 and the extinction coefficient was also in 3 1 , R = OH
accordance with the known examples.12 The pmr 32, R— OAc
spectrum showed no olefinic proton, but a “ sharp” 33, R = H
singlet at r 7.32 representing the four protons of C-13
and C-14 which happen to exhibit equal chemical shifts. Experimental Section16

Catalytic hydrogenation of 2 3 , on the other hand, gave Methyl Bicyclo[2 .2 .l]hePt-5-ene-3-ir«fo-n-hexaaoyl-2-endo-
rise to two products 2 5  and 2 6  in almost equal amount. carboxylate (7).—This material was prepared by a known pro- 
The spectral data of the more polar substance (2 6 ) were cedure2 and the stereochemistry was determined by the pmr
in good agreement with authentic13 optically active spectral evidence as well as the chemical transformations (see
PG E 237 as summarized in Table I I .  text).

An additional proof of structure 23  was obtained Acid (1)' _ This mat/ria. was prepared by waUon.s procedure2
later by comparison of the spectral data with 2 8  and and recrystallized from hexane and the stereochemistry was
2 9  (prepared by another totally independent synthe- elucidated by means of the pmr spectrum and the chemical evi- 
sis14) as summarized in Table I I I .  ----------------

(15) R . B. Morin, D. O. Spry, K . L. Hauser, and R. A. Mueller, Tetra-
(11) See among others (a) P. Karrer and C. H. Eugster, Helv. Chim. Acta, hedron Lett., 6023 (1968).

32, 1934 (1949); (b) D. H. R . Barton, J . Chem. Soc., 3830 (1963). (16) (a) All pmr spectra were determined in deuteriochloroform on Varian
(12) B . Samuelsson and G. Stallberg, Acta Chem. Scand., 17, 810 (1963). A-60 using tetramethylsilana as an internal reference, (b) Melting points
(13) S. Bergstrom, R . Ryhage, B. Samuelsson, and J. Sjovall, J .  B iol. given in the Experimental Section represent the highest value obtained after

Chem., 238, 3555 (1963). successive recrystallizations unless otherwise stated and were obtained on
(14) To be published elsewhere. Thomas-Hoover apparatus (uncorrected).
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dence (see text): mp 90.5-92° (lit.2 8 5 °); nmr (CDCI3) t 6.54 AB-type olefinic protons at t 3.49 (d, J  =  12 Hz) and 4.00 (d 
(t, J  = 4.5 Hz, C-2-exo H ), 7.22 (d, J  =  4 -4 .5  Hz, C-3-endo H ), , /  =  12 Hz).
6.72 and 6.98 (bridgeheads). 2-endo-Chloroacetyl-3-ea:o-»-hexanoylbicyclo[2.2.1]hept-5-ene

Bicyclo[2.2.1]heptane-3-e:ro-?i-hexanoyl-2-en(fo-carboxylic Acid (12).— To a solution of 27 g (0.114 mol) of 1 in 100 ml of benzene
(8 ).— The unsaturated acid 1 was hydrogenated in the presence was added 30 g (0.236 mol) of oxalyl chloride. The mixture was
of palladium on carbon in ethanol. The distilled product, bp refluxed for 10 min, concentrated, dissolved in benzene, and added
148° (0.08 mm), crystallized spontaneously: mp 5 3 .5 -55°; gradually to 1 1. of cold ethereal diazomethane, prepared from
nmr (CDCI3) t 6.62 (t, J  =  5 Hz, C-2-exo H ), 7.15 (d, J  =  5.5 28 g (0.30 mol) of nit.rosomethylurea and dried over potassium
Hz, C-3-endo H ). A nal. Calcd for CnH220 3: C, 70.55; H, hydroxide. After 2 hr, the reaction mixture was treated with
9.31. Found: C, 70.30; H, 9.33. dry hydrogen chloride gas, set aside for 1.5 hr, and then washed

Methyl Bicyclo[2.2.1]hept-5-ene-3-ezo-n-hexanoyl-2-endo-car- twice with water, with bicarbonate solution, and with water,
boxylate (3).— The free acid 1 was esterified with diazomethane dried over sodium sulfate, and distilled giving 22.8 g of crude 12:
in the usual manner (94 .5% ): bp 108° (0.3 mm); nmr (CDClj) bP 146-147° (0.2 mm); ir (CHClj) 5.76 (COCHjCl), 5.83
r 6.62 (t, J  =  4.5 Hz, C-2-exo H ), 7.22 (d, J  =  4 .5  Hz, C-3-endo (ketone); nmr (CDCI3) r 5.84 (s, 2, C 0C H 2C1), 6.29 (t, J  =  4
H ), 6.75 and 7.02 (s, bridgeheads). A n al. Calcd for C15H22O3: Hz, C-2-exo H), 2.91 (s, impurity 16), 5.72 (s, impurity 16).
C, 71.97; H, 8 .86 . Found: C, 71.68; H, 8.76. A nal. Calcd for C16H2i0 2C1: C, 67.03; H, 7 .82; Cl, 13.19.

Methyl Bicycloi2.2.1]heptane-3-ea;o-re-hexanoyl-2-end0-carbox- Found: C, 65.89; H , 7.73; 0 1 ,1 0 .7 7 . 
ylate (9).—The free acid 8 was esterified with diazomethane in Pyridinium Chloride (13).—The chloro ketone 12 prepared 
the usual manner: bp 110° (0.3 mm); nmr (CDC13) 7 6.72 (t, from 40 8 (°-169 mol) of acid was dissolved in 100 ml of anhy-
J  =  4.5 Hz, C-2-exo H ), 7.12 (d, J  =  5 Hz, C-3-endo H ). drous pyridine. After 48 hr, the crystals were collected, washed
Anal. Calcd or C15H24O3: C, 71.39; H 9.95 Found- C with dioxane, and recrystallized from ethanol-dioxane giving 35.3
71.48; H, 9.33. ’ S (0.101 mol, 60% ) of 13: mp 186°; nmr (CDC13) r 6.11 (t,

Attempted Synthesis of Methyl Bicyclo[2.2.11heptane-3-mdo- (  .7  4 Hz> 0 -2  exo H )’ 6 '95 (C-3-endo H overlapped with a
ra-hexanoyl-2-crcdo-carboxylate.— The unsaturated ester 7 was bridgehead), 6.35 (another bridgehead), 3.19 (s, NCH2C = 0 ) .
hydrogenated in ethanol in the presence of 5%  palladium on car- “ ¡1naf* ^  for CaoHaeOaNCl: C, 69.05; H, 7 .53 ; N, 4.03;
bon (4 hr at room temperature). The product, bp 124° (0.4 Cl, 10.19. Found: C, 68.99; H, 7 .60; N, 3 .79; Cl, 10.33.
mm), was found to have partially isomerized during the hydro- A 1? 01?6 a solution of 24.6 g (70.8 mmol) of 13 in 50
genation to 3-exo-n-hexanoyl compound 9. Judging from the °* ethanol was added a solution of 10.6 g (70.7 mmol) of p-
height of the methoxy signals (3-exo at r  6.31, 3-endo at 6 .37), dimethylaminomtrosobenzene in 200 ml of ethanol. The stirred 
the exo/endo  ratio was about 3 /4 . mixture was cooled in an ice bath and treated with 70 ml of 1 N

Bicyclo [2.2.1] hept-5-ene-3-aro- (1-hydroxy-n-hexyl )-2-endo-car- f dm m  , \ droxlde s° lutlon;  The g^emsh solution turned to 
boxylic Acid (5).— The keto acid 1 was suspended in 150 ml of deep/  bro" ?  and ^ t a l s  soon separated. The flask was
33%  methanol and neutralized with sodium hydroxide. To the Stol? d m ?t,refn1g,erator over“ ght’ The crystals were collected
clear solution was added 3 g of sodium borohydride, and the washed with cold aqueous ethanol, dried (15 g), and dissolved
mixture was kept in a refrigerator overnight and then at room “  Sodlu™ “  was removed by filtration and the
temperature for 6 hr, acidified with hydrochloric acid, filled with ™ rate WafS concentad? d- Crystallization was accomplished by 
water to 400 ml, and again refrigerated overnight. The crystals aq^ s  ethand: mp 125 ; nmr (CDC1.) r  0.47 (s,
were collected dried and recrvstallized first from benzene snfl N = C H C O ), 7.10 (s, NM e). A n al. Calcd for C23H30O3N2:

?  ¿ 2 .22 ; H ’ 7 ‘91; N ’ 7 -3 2 ' F ° Und: ° ’ 7 2 -29; H ’ 8 -°6; N >

c ; 70 '69; H ’ 9 -2 4 - 2-erado-Acetoxyacetyl-3-exo-ri-hexanoylbicyclo[2 .2 . 1]hept-5-ene
Methyl Bicyclo[2 .2.1]hept-5-ene-3-cxo-(l-hydroxy-?i-hexyl)-2- (14). _ A solution of 24.8 g (92 mmol) of 12 and 32 g (326 mmol)

endo-carboxylate (6 ).- T h e  free acid 5 dissolved in a minimum of potassium acetate in 240 ml of ethanol was refluxed for 1.5 hr,
amount of ethyl acetate, was esterified with ethereal diazo- concentrated, diluted with water, and extracted with ether. The
methane and distilled: bp 131° (0 3 mm); nmr (CDC13) r 7.46 ether sollltion wag washed with water, dried over sodium sulfate>
n  t  m  4’ n  6/?9 b" d^ heads)’ 6 L5J  concentrated, and distilled, giving 18.1 g (62 mmol, 67 .3% ) of

(C-H H h A nal Calcd for C16H2i0 3: C, 71.39; H, 9.59. oil: bp 15go (0 .35 m m ). ’n^ r (CDCU) r 3.75 (m, 1, olefinic),
found: 0 ,7 1 .4 4 ;  H , 9.53. 4.00 (t, of d, 1, olefinic), 5.28 (broad s, 2, AcOCHjCO), 6.68  and

Methyl Bicyclo[2.2.1]heptane-3-exo-(l-hydroxy-n-hexyl)-2- 7.0 (bridgeheads), 7.85 (s, 3, acetoxy); ir (CHC13) 5.70 (-CO-
endo-carboxylate (10).—The unsaturated hydroxy ester 6 was CH2OAe), 5.76 (OAc), 5.83 a (hexanoyl). A nal. Calcd for
hydrogenated m ethanol m the presence of 5%  palladium on CnH^Ch: C, 69.83; H, 8.27. Found: C, 69.78; H, 8.28.
charcoal and the product was recrystallized from cyclohexane- l-Acetoxy-2,5-dioxo-3-fmns-decene (17).—Pyrolysis of 14
pentane: mp 6 2-63°; nmr (CDC13) t 7.60 (t, J  =  4 Hz, C-2- (12.0 g, 41.3 mmol) at a bath temperature of 230-240° under
exo H overlapped with others), 6.70 (C -l' H ). A nal. Calcd for reduced pressure (12 mm) gave 7.0 g of distillate which was re-
C16H26O3: C, 70.83; H, 10.30. Found: C, 71.08; H, 10.22. crystallized from hexane giving 2.9 g (12.8 mmol, 31% ) of pure

Bicyclo[2.2 . 1]heptane-3-exo-m-hexanoyl~5-exo-iodo-6-erado-hy- substance: mp 79 .5°; ir (CHClj) 5.69, 5 .87-5 .90  p ; uv (in
droxy-2-mdo-carboxylic Acid Lactone (11).—To a solution of methanol) 229.5 mM (e 12,600); nmr (CDC13) r 3.04 (s, 2,
23.6 g (0.1 mol) of 1 in 200 ml (0.2 mol) of 10%  potassium bi- olefinic), 5.11 (s, 2, AcOCH2CO), 7.82 (s, 3, acetoxy), 7.35 (t, 2,
carbonate solution was added dropwise under ice cooling potas- J  — 7 Hz, BuCH2CO).
sium iodide-iodine solution, which had been prepared from 63.5 Methyl 9,15-Dioxoprosta-8(12),13-dienoate (23).— To 8 g
g (0.4 g-atom) of iodine, 166 g (1.0 mol) of potassium iodide, and (0.348 g-atom) of sodium sand in 400 ml of benzene was added
500 ml of water. Soon the oily iodo lactone started to separate. 93 g (0.36 mol) of dimethyl 3-oxoundecane-l,ll-dioat,e7 in
About 100 ml of ether was added to the reaction mixture. After several portions. To the clear solution of the soldio derivative was
180 ml of the iodine solution had been consumed, decoloration added 48.7 g (0.181 mol) of the chloro ketone (12, about 75%
of the iodine on addition of the reagent slowed remarkably. pure) dissolved in 50 ml of benzene. The mixture was stirred
More ether was added and the organic layer was washed succes- at room temperature for 0.5 hr and refluxed for 3.5 hr. After
sively with water, with thiosulfate solution, and again with cooling, the reaction mixture was treated with iced hydrochloric
water, dried over sodium sulfate, concentrated, and dried at acid, washed with dilute sodium chloride solution, dried over
60° (0.1 mm): 35.6 g (0.98 mol, 98% ); ir (CHC13) 5.58 (lac- sodium sulfate, and concentrated. The residue was dissolved
tone), 5.81 m (ketone); nmr (CDC13) r 4.86 (d, of m, J  =  4.5 and in 3.8 1. of 50%  aqueous dioxane containing 127 g of sodium
1.0 Hz, C-6-exo H ), 6.05 (d, J  = 2.5 Hz, C-5-endo H ). A nal. hydroxide, stirred under nitrogen for 2 hr, set aside overnight,
Calcd for ChH iSI0 3: C, 46.42; H, 5.29; I, 35.04. Found: C, stirred at 65° for 3 hr, cooled, poured onto ice and 350 ml of
46.66; H, 5 .35; I , 35.29. concentrated hydrochloric acid, and extracted with ether and the

Methyl 4-Oxo-2-nonenoate (18).— Compound 18 was prepared ether extract was washed twice with sodium chloride solution,
by W alton’s procedure:2 mp 49° (lit.2 48 .5°); yield 19.7% ; dried over sodium sulfate, and concentrated. The residue was
nmr (CDC13) t 2.88 (d, 1, /  =  16 Hz), 3.37 (d, 1, J  =  16 Hz). dissolved in 500 ml of quinoline containing 0.8  g of copper powder,
The noncrystalline portion of the pyrolysis product was a mixture heated to 120-126° for 5 hr under nitrogen stream, cooled, poured
of two compounds. One (about 45%  deduced from the methoxy into iced hydrochloric acid, and extracted with ether. The ex­
signal at t 6.18) was the ¿raras-nonenoate (18) and the other (about tract was washed with sodium chloride solution and esterified in
55% , the methoxy at 6.25) was the cfs-nonenoate as shown by the the usual manner with excess diazomet.hane prepared from 100 g
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of nitrosomethylurea. The solvent was removed in  vacuo (15 based upon the spectral data: ir (CHCU); uv (in methanol),
mm) at 100° and the residue (126.4 g) was further concentrated see Table I ; nmr (CDCi3) t  6.32 (s, 3 , OMe), 6.44 (m, 1, C-15
at 200° (0 .5 -1 .0  mm17). About 45 g of mobile liquid, bp 130° H ). A nal. Calcd for C21H36O4: C, 71.55; H, 10.30. Found:
(0 .5 -1 .0  mm), was distilled with decomposition (strong odor of C, 71.40; H, 10.10.
cyclopentadiene). The residue (78.0 g) was pyrolyzed in eight Methyl 2-Methyl-3-hydroxy-5-oxo-l-cyclopentene-l-heptanoate
portions as mentioned below. About one-fourth (22.8 g) cf the (31).19— Dimethyl 3-oxoundecar-l,ll-dioate7 (76.4 g, 92%  pure)
total residue was further concentrated in a short-pass flask to was dissolved in 400 ml of cold 10% potassium hydroxide solu-
remove 1.161 g of mobile liquid, bp 160° (0.05 mm), no uv maxi- tion, refrigerated for 4 days, and neutralized to pH 8 with solid
mum at ~ 2 9 6  m^. The residue was divided into two equal carbon dioxide. An aqueous solution (132 ml, pH was adjusted
portions, each one thus corresponding to about one-eighth of the to 8 just before use) containing 0.296 mol of pyruvaldehyde was
total product. This material was transferred to a short-pass added and the mixture was set aside under nitrogen for 53 hr.
(3 cm) still equipped with a magnetic stirrer and distilled slowly The reaction mixture was washed with ether, acidified with
with concomitant liberation of cyclopentadiene. The first batch hydrochloric acid, satuated with sodium chloride, and extracted
gave 3.622 g of pale yellow distillate, bp 155-172° (0.03 mm), with ether. The ethereal extract was washed twice with satu-
uv (in methanol) 296 m^ (e 8050), purity about 35% , followed rated salt solution, concentrated, dissolved in 560 ml of cold 5%
by 0.614 g of amber oil, bp 172-185° (0.04 mm), uv (in methanol) sodium hydroxide solution, kept under nitrogen at room tem-
296 mji (e 2900), purity about 13% ), during 8 hr. The second peratore for 4 hr, made acidic with 70 ml of concentrated hy-
batch gave 4.083 g of pale yellow oil, bp 160-175° (0.04 mm), drochloric acid, saturated with salt, and extracted with ether,
uv (in methanol) 296.5 m/t (e 7600), purity about 33% , followed The ethereal extract was washed with saturated salt solution,
by 0.953 g of brown distillate, bp 175-185° (0.04 mm), uv (in esterified with diazomethane in the usual manner, and distilled
methanol) 295 m/i (e 3000), purity about 13% . The pyrolysis giving 35.9 g (52% ) of the crude ester 31 (estimated to be 8 5 -
product of the two batches amounted to 10.4 g which corre- 96%  pure by gas chromatography), bp 180-205° (0.5 mm),
sponded to 2.85 g of the pure material (15.4%  of the calculated The purification was carried out by redistillation, bp 175-185°
amount based upon the chloro ketone18). The whole pyrolysis (0.025 mm), or better by chromatography on silica gel using
product, amounting to 33.5 g, was purified by dry column chro- chloroform containing increasing amounts (up to 5% ) of ethyl
matography using silica gel containing 8 % water as adsorbent acetate: ir (CHC13) 2.71 (OH), 2.83 (broad, OH), 5.73 (ester),
and benzene containing ethyl acetate (5 :1 , v /v )  as a solvent. 5.82 (ketone), 6.02 (C = C ); uv (in methanol) 231.5 m¡j. (e
The desired material was recovered by elution with ethyl acetate 12,000); nmr (CDCI3) r  5.27 (broad d, /  =  5.5 Hz, C-3 H ),
containing methanol as a pale yellow oil (6.4 g, 18.4 mmol, or 6.33 (s, 3, OMe), 7.90 (s, CM e). A n al. Calcd for CuH220 4:
10.1%  of the calculated amount based upon 12): uv (in metha- C, 66.11; H, 8 .72. Found: C, 66.26; H, 8.90.
nol) 296 mu (e 22,800); nmr (see Table II ) . A n al. Calcd for 2-Methyl-3-hydroxy-5-oxo-l-cyclopentene-l-heptanoic Acid.—
C21H320 4: C, 72.38; H, 9.26. Found: C, 72.20; H, 9 .22. The methyl ester (31, 2.5 g) was saponified with 0.5 g of sodium

Beside the pure material mentioned above, an additional 1 .8 hydroxide in 50 ml of 90%  methanol at room temperature over-
g of slightly impure product was recovered from the dry column night. The reaction mixture was diluted with water, washed
chromatogram. with ether, made acidic with hydrochloric acid, and extracted

Methyl 9 ,15-Dioximinoprosta-8(T2), 13-trans-dienoate (24).—  with ether, and the ethereal extract was washed twice with salt
The hydroxylamine solution used in this experiment was prepared solution, dried over sodium sulfate, and concentrated (1.2 g):
as follows: a solution of 16.4 g of sodium acetate and 6.95 g of ir (CHC13) 5.82 (broad, carboxyl and ketone), 6.05 n (C = C );
hydroxylamine hydrochloride were diluted with 40 ml of metha- uv (in methanol) 231.5 mu (t 11,700); nmr (CDCI3 ) r 5.27 (broad
nol, set aside, and decanted from the precipitate (NaCl). A d, 1, «7 =  5.5 Hz), 7.91 (s, CM e). A nal. Calcd for Ci3H2o04 :
solution of 271 mg of 23, 5 ml of the hydroxylamine solution, and C, 64.98; H, 8 .39. Found: C, 65.04; H, 8.33.
3 ml of ethanol was heated on a steam bath for 1 hr. Most of the Methyl 2-Methyl-3-acetoxy-l-cyclopentene-5-one-l-heptanoate 
solvent was removed and the residue was taken up in ether. (31).— The hydroxy ester (31, 16.1 g) was dissolved in 14 g of
The ethereal extract was washed with bicarbonate, dried over acetic anhydride and 30 g of pyridine and set aside for 2 days,
sodium sulfate, concentrated, and refrigerated overnight. The The reaction mixture was decomposed with ice and taken up with
crystals were triturated with benzene, filtered, washed with ether. The ethereal extract was washed successively with dilute
benzene, and recrystallized from benzene giving 140 mg of 24: hydrochloric acid, water, and potassium carbonate solution,
mp 120.5°; uv (in methanol) 308 npx (e 38,400), 317 (38,300); dried over sodium sulfate, and distilled giving 8.1 g of 32: bp
nmr (warm CDC13) 2.99 (d, 1, /  =  16 Hz), 3.63 (d, 1, /  = 16 157-159° (0.04 mm); ir (CHCh) 5.76 (broad, carbonyls),
Hz), 6.34 (s, 3), 7.28 (broad s, 4 , C-9 and C-10 protons). A n al. 6 '02 lC = C )-' uv (MeOH) 229.5 mM (e 13,900); nmr (CDC13) r
Calcd for C21H340 4N2: C, 66.63; H, 9 .05; N, 7 .40. Found: C 4 '31 lbroad d- J  =  6 Hz> C-3 H )> 6 -41 (s> 3 > 0 M e )> 7 -89 (s, 3,
66.60; H, 9 .04; N, 7.39. ' acetoxy), 7.99 (s, 3, CM e). A nal. Calcd for Ci6H240 5: C,

Methyl 9,15-Dioxoprost-8(12)-enoate (25).—A solution of 1.4 64,84’ H ’ 8-10’ Found: C > 64-65; H, 8.10.
g of 23 in 50 ml of acetic acid was stirred with 2 g of zinc powder
for 2 hr at room temperature. The reaction mixture was filtered Registry No.__3 24694-56-2' 5 24694-57-3' 6
to remove inorganic material, diluted with ether, washed twice o a a q a  -tQ a  . c  -) 1 i: o  , ^ o a c c i a

with water, washed with bicarbonate solution, dried over 24694-58-4,  ̂ 8, 24694-59-5 ; 9, 24694-60-8; 10, 24694-
potassium carbonate, concentrated, and purified by dry column 61-9; 11,24694-62-0; 12,24692-63-1; 13,24728-15-2;
chromatography on silica gel containing 8 % water and 2 % acetic 44, 24694-64-2; 15, 24710-84-7; 17, 24704-23-2;
acid as adsorbent and 20%  ethyl acetate in benzene as solvent. 23, 24710-85-8; 24, 24710-86-9; 25, 24716-17-4;
The major fraction (894 mg, 59% , colorless oil) was 25: ir 26, 20106-43-8; 28, 24716-18-5; 29, 24716-19-6;
(CHCl3) 5 .76-5  87 (carbonyl^ 6.09 M(C==C); uv (in methanol) 31,24716-20-9; 32,24716-21-0; 2-methyl-3-hydroxy-5-
238 m̂ i (e 13,400), nmr (CDC13) t 7.32 (s, 4, C-13 and C-14 o xo -1-cv clo n en ten e-l-h eD te .n oic  acid  2 4 7 1 6  22  1
protons). A nal. Calcd for C21H340 4: C, 71.96; H, 9.78. cyciop en ren e 1 n ep tan o ic  acid , 2 4 /1 0 -2 2 -1 .
Found: C, 72.14; H, 9.66.

Methyl DL-i5-Hydroxy-9-oxoprost-8(i2)-enoate (26, PGE 237 Acknowledgment.—The author thanks Mr. C. R. 
Methyl Ester). Compound 23 (417 mg) was hydrogenated in Dorn for his helpful discussion and revision of English.
™rh ° f 957 o o tha,nolf ir1! U?e presence ° f O' 1 B of 5 %  palladium on T h a n k s  a re  due to  D r. F ra n k  B . C o lto n  fo r m a n y  h elp-
carbon and 32 ml of hydrogen was taken up in 15 min. The c i j - • mi xi_ ,1 i  ̂r  ™  J  w *
catalyst was removed and the filtrate was concentrated in  vacuo ^  chscussions. T h e  a u th o r th a n k s  M r. G. P lu m e, M r.
giving 371 mg of residue which was separated into two ccmpo- U  11 ' Y e n > M r. 1 .  B on n ie , M r. H . E n s m a n , an d  M r.
nents (25 and 26) by preparative tic on silica gel using 25%  T . B elle tire  fo r p re p a ra tio n  of th e  s ta rtin g  m a teria ls ,
ethyl acetate in benzene. The less polar product (75 mg) was H y d ro g en atio n  w as carried  o u t b y  M r. M . G . S caro s
25 and the more polar product (83 mg) was identified as 26 of th ese  lab orato ries .

(1^  ¿ n,bolIme point8 s lo " 'n in this paragraph are bath temperatures. (19) Similar condensations of pyruvic aldehyde and various £-keto acids
(18) Taking into account the purity (75%) of the chloro ketone, this are very well known: M. S. Schectter, N. Green, and F. B . LaForge, J .

yield (15.4%) can be evaluated as 20.5%. Amer. CAem. S oCm 71_ 3165 (1949).
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Halo Sugar Nucleosides. I.
Iodination of th e Prim ary Hydroxyl Groups of Nucleosides 

with M ethyltriphenoxyphosphonium Iodide1

J. P. H. V erheyden and J. G. M offatt

Contribution No. 68 from  the Institute o f  M olecular Biology,
Syntex Research, P alo  Alto, C alifornia 94804

Received. Ja n u a ry  12, 1970

Reactions of the 5'-hydroxyl group of suitably substituted pyrimidine nucleosides with methyltriphenoxy­
phosphonium iodide (1) in D M F are very rapid and give the corresponding 5'-deoxy-5'-iodo nucleosides in high 
yield. Selective iodination of only the primary hydroxyl function in a series of unprotected pyrimidine nu­
cleosides can also be achieved in a number of cases. Iodination of 2',3'-0-isopropylideneuridine can also be 
accomplished in pyridine, but in the presence of N,N-diisopropylethylamine there is also formation of 2 ' ,3 '-0 - 
isopropylidene-02,5'-cyclouridine. The reaction of thymidine with an excess of 1 in pyridine gives 5'-deoxy-5'- 
iodo-02,3'-cyclothymidine, which is an intermediate in the formation of 3 ',5 '-dideoxy-3 ',5 '-diiodothymidine via 
a similar reaction in DM F. In certain cases, the formation of phenyl methylphosphonate esters of secondary 
hydroxyl groups is also observed. The reactions of 2 ',3 /-0-isopropylidene derivatives of purine nucleosides, or 
of free adenosine, with 1 gives the corresponding N 3,5'-cyclonucleosides in high yield and only in the case of 2 ',3 '- 
O-isopropylideneinosine was any 5'-deoxy-5'-iodo derivative isolated.

Halodeoxy sugars, and in particular the iodo com- the related triphenylphosphine dihalides have indi­
pounds, have been widely used as intermediates in the cated that the extent of ionic behavior is a function of
synthesis of deoxy sugars, unsaturated sugars, amino solvent polarity.9
sugars, etc.2 Traditionally the conversion of the pri- The reaction of 1 with alcohols is assumed to proceed 
mary hydroxyl function of a sugar into the corre- v ia  nucleophilic attack on phosphorus with expulsion of
sponding iodide has been accomplished in a two-step phenol and formation of the alkoxyphosphonium salt 3
process v ia  preliminary conversion into a suitable sul- which then collapses to the alkyl iodide and diphenyl
fonate ester3 followed by heating with sodium iodide in methylphosphonate.
a solvent such as acetone. In most cases, displace­
ment of secondary tosylates in this way proves to be + ROH — >- 0

considerably more difficult although certain 4-tosyl- + „  ^  ||
pyranosides have been found to react quite satisfac- (C6H50 ) 2P— OR I "  — *■ RI +  (C6H50 ) 2P— CH3
torily.2 Iodo sugars have also been prepared v ia  reac-
tion of epoxides with Grignard reagents4 or with salts5 3 3
and by oxidation of hydrazine derivatives with iodine.6

In 1953 Rydon and his colleagues published the first 0 . ' , .
of a significant series of papers on methods for the halo- Such a concerted mechanism requires that the con- 
genation of alcohols using quasiphosphonium halides.7 version of an alcohol into the corresponding iodide
The major reagents developed were methyltriphenoxy- sJ ? ° f d  be accompanied by an inversion of configuration,
phosphonium iodide (1) and iodotriphenoxyphos- Early work7* *  showed that reaction of optically active
phonium iodide (2) which were prepared as crystalline octanf - °  ™ th e l ]hel' . 1 orf 2 Save lodldes Wlth lov(

optical rotations indicative of net inversion accompamed
/r. tt r-o n  n TT 7 TT ^  A T 7 b y  e xten siv e  race m iz a tio n . S in ce th e se  exp erim en ts
(U 6I I 5U J3F — U D 3 1 (U 6X15L/ )3P — 1 i  ,  , ,  , ,  , . . r . . ,

j 2 w ere done a t  e le v a te d  te m p e ra tu re s , ra ce m iz a tio n  is n o t
surprising in view of the well-known ease of nucleophilic

compounds through reaction of triphenyl phosphite attack by iodide ion upon alkyl iodides.10 It has
with methyl iodide and with iodine respectively.8 recently been shown that the iodination of cholestanol
While 1 and 2 are depicted as ionic species, the contri- 4a with triphenylphosphine diiodide does indeed proceed
butions of pentacovalent forms, especially in nonpolar with inversion of configuration giving the axial 3a-iodo
solvents should not be excluded.8 Physical studies on compound 4b.11 Subsequent treatment of 4b with

(1) A preliminary account of part of this work has appeared: J .  P. H. » __
Verheyden and J .  G. Moffatt, J .  Amer. Chem. Soc., 86, 2093 (1964). |

(2) For recent reviews on halodeoxy sugars, see (a) J .  E . G. Barnett, JL 1 /
Advan. Carbohyd. Chem., 22, 177 (1967); (b) S. Hanessian, Advan. Chem. I 1 '
Ser., 74, 159 (1968). 1_____ I

(3) For reviews, see (a) R . S. Tipson, Advan. Carbohyd. Chem., 8, 107 p
(1953); (b) D. J .  Bali and F . W. Parrish, ibid., 23, 233 (1968). I

(4) (a) F . H. Newth, G. N. Richards, and C. F . Wiggins, J .  Chem. Soc., R ^ S's—
2356 (1950); (b) G. N. Richards and L. F. Wiggins, ibid., 2442 (1953); (c) / ^  R =  /3-OH
N. F. Taylor and G. M . Riggs, ibid., 5600 (1963). k' T?_ T

(5) (a) J .  P. Horwitz, J .  Chua, M. A. da Rooge, M. Noel, and I. L. ’ *"” **_
Klundt, J .  Org. Chem., 31, 205 (1966); (b) C. L. Stevens, N. A. Nielsen, C, R  =  p-I
and B . Blumbergs, J .  Amer. Chem. Soc., 86, 1894 (1964). ----------------------

(6) D. M. Brown and G. H. Jones, J .  Chem. Soc., C, 252 (1967). (9) (a) K. Issleib and W. Seidel, Z. Anorg. Allg. Chem., 228, 201 (1956);
(7) (a) S. R. Landauer and H. N. Rydon, ibid., 2224 (1953); (b) D. G. (b) G. A. Wiley and W. R. Stone, Tetrahedron Lett., 2321 (1967); (c) G. S.

Coe, S. R . Landauer, and H. N. Rydon, ibid., 2281 (1954); (c) H. N. Rydon Harris and M. F . Ali, ibid., 37 (1968).
and B. L. Tonge, ibid., 3043 (1956); (d) H. N. Rydon, Chem. Soc., Spec. (10) (a) E . D. Hughes, F . Juliusburger, S. Masterman, B. Topley, and
Publ., 8, 61 (1957). J .  Weiss, J .  Chem. Soc., 1525 (1935); (b) C. L. Stevens, K. G. Taylor, and

(8) See, e.g., C. S. L. Baker, P. D. Landor, S. R. Landor, and A. N. Patel, J .  A. Valicenti, J .  Amer. Chem. Soc., 87, 4579 (1965).
J .  Chem. Soc., 4348 (6519). (11) A. V. Bayless and H. Zimmer, Tetrahedron Lett., 3811 (1968).
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sodium iodide in hot acetone led to epimerization of the iodination of the primary hydroxyl group of a suitably
iodo function giving the thermodynamically more stable protected pyrimidine nucleoside is found to be complete
equatorial 3/3-iodo derivative 4c. The same situation within 10 min at 20 -2 5 °. For example, 2 ',3 '-0 -iso -
occurs during iodination of cholestanol with the Rydon propylideneuridine (Sa) was allowed to react with 2
reagent (1), crystalline 3a-iodocholestane being ob- equiv of 1 in D M F for 15 min and, after destruction of
tained in 57%  yield. No evidence for the presence of excess reagent by addition of methanol,21 pure 5'-deoxy-
the 3/3-iodo isomer was found under the mild reaction 5'-iodo-2',3'-0-isopropylideneuridine (5b)22 was isolated
conditions. by direct crystallization in 96.5%  yield. Subsequent

Other evidence for inversion of configuration during acidic hydrolysis then gave 5 '-deoxy-5 '-iodouridin e
halogenation of alcohols with triphenylphosphine (6b) identical with a sample prepared according to
dihalides has been presented,12 and isolation of the Brown, et al.23
intermediate alkoxyphosphonium salts has been In  very similar ways the reactions of 3 '-O -acetyl- 
achieved.12’13 thymidine (7a) and of 2',3'-di-0-acetyluridine (8a)

The first applications of the Rydon reagent (1) in the with 1 in D M F rapidly led to the formation of the
carbohydrate field were reported in 1960 by Kochetkov, corresponding 5'-deoxy-5'-iodo derivatives 7b and 8b in
et al.,u and by Lee and E l Sawi.15 The work of both isolated yields of 88 and 84% , respectively. The
groups has pointed out that caution must be used in reaction with 2',3'-0-isopropylidene-6-azauridine (9a)24
interpreting the reactions of 1 with substituted sugars in was more troublesome, and in spite of an apparently
boiling benzene. Thus, the reaction of l ,2 :5 ,6 -d i-0 -  clean reaction as judged by thin layer chromatography,
isopropylidene-a-D-glucofuranose with 1 did not give the isolated yield of crystalline 5 '-deoxy-5'-iodo-2',3 '-
the expected 3-deoxy-3-iodo derivative as originally O-isopropylidene-6-azauridine (9b) was only 48% . In
reported16 but rather 6-deoxy-6-iodo-l,2:3,5-di-0-iso- this case, it was necessary to purify the product by
propylidene-a-D-glucofuranose with migration of an preparative thin layer chromatography in order to
acetal group.16 Also it has recently been shown17 th at obtain crystalline material. The same iodo compound
the major product from reaction of methyl 2,3-O-iso- (9b) has recently been obtained in somewhat lower
propylidene-a-L-rhamnopyranoside with 1 is a 5-deoxy- yield by displacement of the corresponding 5 '-mesylate
5-iodoallofuranoside rather than the expected 4-deoxy- by iodide ion.25
4-iodoallopyranoside.18 In  spite of these problems, the
Rydon reagent has provided a valuable, but not often O o 0
used, method for the preparation of iodo sugars. H N '^  „  J L

As part of a general program on the synthesis of i j) j  ll ; J
nucleosides containing modified sugars, we have O' hr
undertaken a broad study of methods suitable for the
direct halogenation of hydroxyl functions in the sugar %)> |<% %)> [<(%
moiety of nucleosides. In this and paper I I 19 we |-------[ ]-------f |-------j
describe the reactions of a wide range of nucleosides ° X °  0H 0H 0Ac
with the Rydon reagent while in a forthcoming paper 5a R=OH s R-OH
we will discuss similar reactions using other mecha- k r I t u v - t k r I t
nistically related reagents. ’ ’

The preparation of methyltriphenoxyphosphonium 0  0  HNR'
iodide (1) was carried out essentially as described by „  J L  „ „ J L  HNJ l
Rydon7a except that a smalller excess of methyl iodide i f  j  I J  ll
and a shorter reaction time were employed. An oil O ^ N "N
bath was also found to be preferable to a heating mantle R C R ^ ^ . RCHo^-O.
in order to avoid local overheating and coloration (see
Experimental Section). ]------[  ------p ^

While most previous iodinations using 1 have been OAc OAc ° X °  0 ^ . 0
carried out in hot benzene, the low solubility of many r -  oh ' ^ ' k x
nucleoside derivatives, and of pure 1 itself in this sol- b R = I  b R = I 10a, R = OH; R' = H
vent, have led us to use dimethylformamide (D M F) in ’ ’ bj R= I; R' = H
our studies. Dimethyl sulfoxide seems less satisfactory 9
since there is rapid coloration of the reaction mixture c R = I- R' = - P __CH
presumably due to oxidation of iodide ion to iodine in "^OPh
this solvent.20 The use of D M F appears to promote
the iodination reaction which occurs at room tempera- j n the cytidine series it becomes clear that the pres- 
ure and is frequently extremely fast. In general, the ence 0f a free amino function on the pyrimidine ring 

can lead to complications. Thus, reaction of 2 ',3 '-0 -
(12) J .  P. Schaefer and D. S. Weinberg, J .  Org. Chem., 30, 2635 (1965). benzylidenecytidine (10a) with 1 in D M F led to the
(13) L. Kaplan, ibid., 31, 3454 (1966).
(14) N. K. Kochetkov, I. Kudryashov, and A. I. Usov, Dokl. Akad. (21) Addition of methanol prior to other work-up is recommended since

N auk S S S R ,  133, 1091 (1960).  ̂ otherwise hydrogen iodide is released upon addition of water, and partial
(15) J .  B. Lee and M. M. E l Sawi, Chem. In d. (London), 839 (1960). loss of acid labile protecting groups can result.
(16) N. K. Kochetkov and A. I. Usov, Tetrahedron. 19, 973 (1963). (22) P. A. Levene and R . S. Tipson, J .  Biol. Chem., 106, 113 (1934).
(17) E . Kefurt, J .  Jary, and Z. Samek, J .  Chem. Soc., D. 213 (1969). (23) D. M. Brown, A. R. Todd, and S. Varadarajan, J .  Chem. Soc., 868
(18) K. S. Adamyanto, N. K . Kochetkov, and A. I. Usov, Izv. Akad. (1957).

N auk S S S R ,  1311 (1967). (24) J .  Smrt, J .  Beranek, and F . Sorm, Collect. Czech. Chem. Commun., 25,
(19) J .  P. H. Yerheyden and J .  G. Moffatt, J .  Org. Chem., in press. 130 (1960).
(20) R . A. Streckerand K. K . Andersen, ibid., 33, 2234 (1968). (25) J .  Zemliika and F. Sorm, ibid., 32, 576 (1967).
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formation of two strongly ultraviolet-absorbing products 63%  yield, and in a similar way direct reaction of
which were separated by preparative thin layer chro- uridine (6a) gave the 5 '-deoxy-5'-iodo derivative (6b)
matography. The more polar of these was shown to in 65%  yield, the latter compound being identical with
contain the desired 2',3'-0-benzylidene-5'-deoxy-5'- that obtained by acidic hydrolysis of 5b. In  a some-
iodocytidine (10b) which was obtained in 4 5%  yield as a what more demanding test it proved possible to effect
homogeneous syrup and in 34%  yield as the crystalline fairly selective iodination of the 5'-hydroxyl group of
material. The less polar product was unstable and 0 2,2'-cyclouridine (15a)28 without excessive cleavage
partially decomposed to 10b on attempted rechromatog- of the rather labile anhydro linkage. After 10-min
raphy or storage. While this substance has not been reactions in D M F, thin layer chromatography showed
isolated in pure form, it was shown to contain phos- complete disappearance of the starting material and
phorus and its nmr spectrum showed both aromatic formation of a major, less polar product. Isolation of
protons and a roughly 3-proton doublet ( J  =  17 Hz) at this material by preparative thin layer chromatography
1.86 ppm which is consistent with the presence of a gave an 80%  yield of somewhat impure material, and
methylphosphonate moiety. W e tentatively suggest rechromatography was accompanied by considerable
that this material is the phenyl methylphosphonate decomposition, crystalline 5'-deoxy-5'-iodo-02,2'-cyclo-
derivative of the 4-amino function of 10b (10c). As uridine (15b)29 being obtained in 31%  yield,
will be seen later, phenyl methylphosphonate esters can
arise during iodination of secondary hydroxyl groups HNAc O O
under certain conditions. The formation of 10c could H N ^N ^CH:i b r " ' ,
involve reaction of the 4-amino group with 1 giving a I J  \ j  II J
phosphonium derivative (11) which is relatively stable C r^br A'N
toward iodide ion. Upon addition of methanol, how- R C Y L s  R C I L /  RCH^/
ever, phenol could be displaced with formation of a me- r \ j  (j ^ >
thoxyphosphonium compound (12) which can undergo 'j  ' f  "\ f |% 1
rapid dealkylation by iodide ion giving the observed 0><^ 0H 0H
product (10c). If water, rather than methanol, were to 13a R=OH 14a R=OH 15a, R = OH
attack 11, direct expulsion of phenol would also give 10c. b’ R = I b, R = I b, R = I

+
NH. HN— P—(0Ph)2 Since 1 decomposes in the presence of traces of mois-

CH3 MeOH ture release hydrogen iodide, care must be taken to
j  | + l — *■ j J —— avoi d loss of acid labile protecting groups. Since the

C r% x iodination of primary hydroxyl groups is so rapid, loss of
I I isopropylidene groups has not proved to be a problem,
R n but, during the slower reactions of secondary hydroxyls,

0  some loss of trityl groups is evident.19 I t  was thus of
OPh || interest to see whether the iodination reaction could be

HN—P— OCH3 HN— P— OPh conducted in the presence of a base to neutralize any
cH j Jl OHj acidic by-products. Indeed, it was found that reaction

Y | |  ——>- | | of 2',3'-0-isopropylideneuridine (5a) with 1 gave the
-MeI q - ^ w  5 '-deoxy-5'-iodo derivative (5b) essentially quantita-

| I tively within 15 min in various mixtures of D M F and
H pyridine or in pyridine alone. Upon more prolonged

12 c reactions there was a gradual accumulation of the
Treatm ent of a methanolic solution of the crude 5'-deoxy-5'-pyridinium de:rivative (16) which was

reaction mixture from iodination of 10a with a slight characterized by its wHh. ,  , , ,  • •, i j j - ultraviolet spectrum, both oi which were identical wnn
excess of hydrochloncacid led to lm^ ‘ » ¿ “ y f f  an authentic sam ple.» After a 2-hr reaction only
of the 4-.rn .no substituent andI cryr t .U iz .tion of the ^  w  hadPbem  formed. Attem pts t0 us8 .

tre a tm e n T o f6 t h e 'l a t t e r  “ J 1 ..? —  » !

g a v e  cry sta llin e  10b as th e  free  b ase  m  « h *  *  a ’e  f o m S r f ' b r ( w ” im p u riS e s  a n d  to  th e  isolation  
m ig h t be e x p e cte d  a cy la tio n  of th e  cy to s  ne am m o & of 2 ' ,3 ' - 0 -iso p rop ylid en e-0 2,5 '-c y c lo -
group elim in ated  th is  p rob lem  a n d  i ^ a t a o n  of N  -  u rid ine ^  ad d itio n  to  5b I t  is n o t d e a r  w h eth er
a c e ty l-2  ,3 -O -iso p rop ylid en ecytid in e (13a) g a v e  h e ^  of 17  is a  con seq u en ce  of b a se -ca ta ly z e d
corresp on d m g .cry sta llin e  5 -d e o x y -5  -m do d e riv a tiv e  d igp lacem ent of iodide ion fro m  sb  or of a n  in creased

iT n .1]11 °  ylr  t  +L a xriTto-rtarypris nucleophilicity of the 2-carbonyl group toward dis-While it can be seen from the acco m p a n y in g  p ap er of thg h honium m o ie ty  in the inter-
that secondary hydroxyl groups of nucleosides also react lg gome evidence ^  fayor of the latter route
with 1 it is possible to effect selective iodination o CQmes from the isolation of thg cyd 0nucleoside Win 21%  
only the primary hydroxyl function Thus brief followi reaction of Sa with methyltriphenoxy-
reaction of thymidine (14a) with 1 1  eqmv of inl DM F honium perchiorate and N,N-diisopropylethyl-
gave crystalline 5 '-deoxy-5'-iodo thymidine (14b)26 27 m i 7 !7 1

(26) This reaction is part of a separate study and will be reported in detail (28) A. Hampton and A. W. Nieol, Biochemistry, 5, 2076 (1966).
later- J  P H. Verheyden, J .  Smejkal, and J . G. Moffatt, unpublished re- (29) D. M. Brown, W. Cochrane, E . H. Medlin, and S. Varadarajan, J .
sult3 Chem. Soe., 4873 (1956).

(27) A. M. Michelson and A. R . Todd, J .  Chem. Soc., 816 (1955). (30) H. Peter and J .  G. Moffatt, unpublished experiments.
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amine. The perchlorate salt was prepared in  situ from their formation is favored when the displacement of the 
1 and silver perchlorate in D M F, and its use led only to phosphonium moiety in the intermediate 3 is sterically
17 and unreacted Sa with formation of no observable hindered. In  the present case, there is presumably
iodo compounds. rapid formation of the 3 ', 5 '-di-O- (methyldiphenoxy-

phosphonium) intermediate (20) and subsequent dis- 
0  i| placement of the 5 ' group by iodide ion. Because of

G j i  n^ N  the existing 0 2,2 ,-anhydro linkage, there is no oppor-
ny I J  tunity for intramolecular displacement of the 3 ' group

+ O ^ISr N by the uracil ring; owing to the rigid syn configuration in
N—CH2 C H , , o .  0 2,2'-cyclonucleosides, there is considerable hindrance

to the approach of iodide ion from the /3 face of the
p ------p ribose ring. This presumably leads to an accumulation

0 . 1 )  O y O  of the 3'-oxyphosphonium intermediate (21) which
undergoes reaction with either w ater or methanol, as 

16 17 previously outlined in the conversion of 11 to 10c,
9  giving the diastereoisomers (22). The isomers of 22

also appear to be the major by-products during the  
^----O '  I previously mentioned selective iodination of ISa in the

+ • 0  /  0  N absence of amine.
(PhO)2POCH2 J K•/ O  x

° x ? p— JLnJ
18 l C H 2 h

While the addition of bases has relatively minor l\ j  Q >
effect upon the iodination of primary hydroxyl groups, 19
the reaction with secondary hydroxyls in pyrimidine Q
nucleosides is markedly changed. While, as will be jj
seen in the accompanying paper,19 the reaction of u l l
thymidine with excess 1 in D M F gives 3',5'-dideoxy- CH3 O  J
3',5'-diiodothymidine in high yield, the comparable (phO)POCH Ou I[ 
reaction in pyridine gives mainly 5 '-deoxy-5'-iodo- + | 3 /  v"s\  r
0 2,3'-cyclothymidine (19) which was isolated in crystal- l \ i / I
line form in 43%  yield. The structure of (19) is based T
upon its typical 0 2,3'-cyclothymidine ultraviolet spec- |
trum  and upon its elemental analyses and nmr spectrum. (PhO)2— P— CH3
I t  has been shown19 that iodination of the 3 '-hydroxyl 2o
group of pyrimidine deoxynucleosides with 1 involves 0  0
initial formation of the 0 2,3'-cyclonucleoside which jf II
subsequently undergoes nucleophilic attack  by iodide H i ]  p |j
ion giving the 3 '-iodo nucleoside with overall retention
of configuration. Since nucleophilic opening of cyclo- jCjj2 ICH,/ChV
nucleosides is known to be an acid-catalyzed process,31 V '  \  Me0H-r ,
such reactions in pyridine are blocked at this stage thus or
explaining the accumulation of 19. q H'° 0

While selective iodination of O2,2 '-cyclouridine (15a) | i
with 1.4 equiv of 1 in D M F gave the 5'-iodo derivative (PhO>2—P—CH3 PhO P = 0
(15b) in quite good yield, the use of a larger excess of 21 CH3
Rydon reagent in the presence of N,N-diisopropyl- 22

ethylamine or pyridine led to an unexpected result.
After a brief reaction time the starting material had D irect application of the iodination reaction to  
completely disappeared with formation of two major purine nucleosides leads to cyclonucleosides. Thus,
products and a considerable number of minor products reaction of either 2',3'-0-isopropylideneadenosine or
all shoving the typical ultraviolet spectra of 0 2,2 '-cy - 2',3'-0-isopropylideneguanosine with 1 in D M F leads
clouridine. The two major products, which had very to very raPid and essentially quantitative formation of
similar chromatographic mobilities, were isolated the N 3,5'-cyclonucleoside salts (23 and 24). Both
together in 42%  yield and shown to be an almost equal compounds were obtained crystalline and characterized
mixture of the phosphorus diastereoisomers of 5'-deoxy- by their ultraviolet spectra and their electrophoretic and
5 '-iodo-02,2'-cyclouridine 3'-0-(phenyl methylphos- chromatographic mobilities, all of which were identical
phonate) (22), both of which were obtained in crystal- with those of 2332 and 2433 prepared by heating the
line form. In  the accompanying paper19 further ex- 0 2 ) v. m . ciark, a. r . Todd, and j . zussman, j . Chem. soc., 2952 

amples of the formation of phenyl methylphosphonate (i9 5 i).
i •, x i j -  (33) (a) E . J .  Reist, P. A. Hart, L. Goodman, and B. R . Baker, J .  Org.esters are to be found and in general, it appears that Chem < 26j 1577 (1961). (b) R. E. Holmes and R. K. RobinSi iiid  ̂28> 3483

(1963). We thank Dr. R. K. Robins for samples of 2 ,,3 -0-isopropylidene-
(31) J .  J .  Fox anu N. C. Miller, J .  Org. Chem., 28, 936 (1963). N*,5'-cycloinosine and its tosylate salt.
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appropriate 5'-tosylates with sodium iodide. A similar Robins,33b was detected by paper chromatography but
reaction with 2/,3'-0-isopropylideneinosine gave crys- only the nonionic form (25) was isolated following a
talline 2',3'-0-isopropylidene-N3,5'-cycloinosine (25)33b work-up involving addition of pyridine,
in 76%  yield along with 15% 5'-deoxy-5'-iodo-2',3'-0- Treatment of unprotected adenosine with 1 equiv of 1 
isopropylideneinosine (26). The latter compound was in D M F for 5 min gave a major, very polar material and
only recently obtained by displacement of the corre- two less polar, minor by-products. Following extrac-
sponding 5'-tosylate34 and its formation, albeit in low tion into water crystalline N 3,5'-cycloadenosine iodide
yield, from our reaction with 1 is a further indication of (29) was obtained in 50%  yield. Unprotected N 3,5'-
the somewhat reduced tendency of inosine derivatives, cycloadenosine salts have recently been obtained upon
relative to other purine nucleosides, to form N 3,5'-cy- heating either 5'-0-tosyl-or5'-0-sulfam oyladenosine in
clonueleosides.33 D M F at 100° but have not been characterized.36

NH The two minor products appear from their nmr spectra
I 2 *1 to be phenyl methylphosphonate esters of adenosine but

___ n HIv 't___N were not obtained in sufficient amounts for detailed
1 k  J k  J  H2N—^  J L  J  study.

/ 'N+ N j-  N From the work described in this paper, it is clear that
the Rydon reagent (1) provides a very efficient method 
for the iodination of the primary hydroxyl function of 

----- Y '  pyrimidine nucleosides. The reaction is very rapid
0 0 0  0 and the overall yields are generally considerably higher

^  ^  than those obtained via the two-step tosylation and
23 24 displacement route. In  the accompanying paper19
0  0 iodination of secondary hydroxyl groups is discussed.

^  I — N n ^ \ \ — N
W  k NA NJ  Experimental Section

X q „ Methods.— Thin layer chromatography (tic) was done on
I R /  0.25-mm layers of Merck silica gel H F and preparative tic on 20 X
[< J  y  %> 100 cm glass plates coated with a 1 ,3-mm layer of the same silica.

-------'y  Nuclear magnetic resonance (nmr) spectra were obtained using a
q q 0  0  Varian HA-100 spectrometer and chemical shifts are recorded in

X  parts per million downfield from an internal standard of TM S.
25 26 Mass spectra were obtained using an Atlas CH-4 instrument with

a direct inlet system and optical rotatory dispersion (ORD) spec- 
The formation of N3,5'-cyclonucleosides is clearly a tra using a Jasco ORD/UV-5 instrument. All instrumental 

consequence of the very facile attack by N> of the
purine ring upon C6 of the phosphomum intermediate the laboratory of D r. A. Bernhardt, Mülheim, Germany, or from
(27) with expulsion of diphenyl methylphosphonate. the Analytical Laboratory of the University of California,
The reduced propensity for such an intramolecular Berkeley, Calif. We are particularly grateful to D r. M . Maddox,
displacement in the inosine series permits some com- Mr; J -  Murphy, and Miss J .  Tremble and to D r. L . Tökes for

petitive attack by iodide ion on 27 leading to the 5  -lodo Methyltriphenoxvphosphonium Iodide ( l)  J “-T rip h en y l phos- 
derivative 26. The intermediacy of an ionic cyclo- phite (52 ml, 0 .2  mol) and methyl iodide (16 ml, 0.26 mol) were
nucleoside 28, similar to that isolated by Holmes and mixed in a 250-ml flask fitted with a very efficient 3-ft condenser

and a thermometer well. The flask was placed in a 90° oil bath 
0  and the temperature of the bath was slowly raised to 125° over 8
Jj hr while the pot temperature rose slowly from 70 to 85° and then

HN^%r------N rapidly to 115 ° .36 This temperature was then maintained for 12-
j -  L II JJ 14 hr and, upon cooling and seeding, the mixture crystallized to a

N N solid brown mass. Dry ether (100 ml) was added and the product
a —^ was carefully broken up with a spatula. The resulting crystalline

(PhO}2P O C H ,-^ 0  material was then repeatedly washed by decantation with fresh
I dry ethyl acetate until the washings were only light colored.37

CRj |^/| The amber crystals were then dried and stored in  vacuo giving 80
I [ g (90% ) of 1 suitable for direct use: nmr (rigorously dry CDC13)

O O 3.11 ppm (d, 3, / p ,h =  16.5 Hz, PCH 3), 7.45 (m, 15, aromatic).
/ \  If the sample was not prepared in a drybox appreciable amounts

27 of diphenyl methylphosphonate were formed as indicated by a
NH doublet ( J p .h =  18 Hz) at 1.84 ppm. In  all subsequent reactkmsi

V I 2 1 was always weighed and handled in a drybox under a nitrogen

H* | | |  Y | |  i? 3a-Iodocholestane (4b).38— Cholestanol (0.78 g, 2 mmol) and
I I-  N'J'VTv 1 (1.81 g, 4 mmol) were dissolved in anhydrous D M F (10 ml) and

CH2J ^ O '~ .  C H j / 0 \ ^ ^  (35) D. A. Shuman, R . K. Robins, and M. J .  Robins, J .  Amer. Chem.
L y  \  Soe., 91, 3391 (1969).
I \ |  l / l  r ' \ J  1 / 1  (36) If the reaction is worked up as soon as the internal temperature

1 | ] ........ i reaches 113°, 1 is obtained in a very light-colored form but only in about
0 -  0  OH OH 50% yield.
/X S  (37) Ethyl acetate is much preferable to ether for this purpose and a

no 2 9  much lighter colored product is obtained. Compound 1 has recently be-
______________  come available from Eastman Kodak Co. in a dark-colored crystalline form

(34) A. Hampton, M. Bayer, V. S. Gupta, and S. Y. Chu, J .  Med. Chem., that can be readily purified by treatment with ethyl acetate as above.
11, 1229 (1968). (38) We are grateful to Mr. E . K. Hamamura for this experiment.
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stored for 2 hr at 25°. After addition of methanol (1 ml), the chloroform solution of the residue was washed with aqueous thio-
mixture was diluted with chloroform and extracted with dilute sulfate and water. After drying (Na2S 0 4) the solvent was
aqueous sodium thiosulfate followed by water. After drying evaporated and the residue crystallized from chloroform (20 ml)
(Na^SCh) the solvent was evaporated and the residue was chro- by slow addition of hexane giving 7.2 g (84% ) of 8b with mp 162-
matographed on a column of silicic acid using hexane. The 164°. An analytical sample had mp 163-164°; X^?H 259 m/x
major peak was evaporated giving 640 mg of 4b which was crystal- (e 10,400); ORD (MeOH) positive Cotton effect with a peak at
lized from acetone giving 562 mg (57% ) of pure product with mp 272 m/x (4> + 2 8 0 0 °), zero rotation at 252 m/x, and a minimum at
112-113°; [<*]23d + 3 6 .9 °  (lit.11 mp 111.5-112.5°; [a]20D + 3 2 .2 ° ;  232 m/x ($  - 2 4 0 0 ° ) ;  nmr (CDC13) 2.11 ppm (s, 3, OAc), 2.15
and for ß isomer mp 105 .5-107°); nmr (CDCh) 0.65 ppm (s, 3, (s, 3, OAc), 3.54 (d, 2, J<>y =  4 Hz, C6'H2), 4.11 (q, 1, JV ,4' =
CisHs), 0.79 (s, 3 , C,9H3), 0.86 (d, 6 , /  =  6 Hz, C26H3 and C27H3), JV ,6' =  4  Hz, C4'H ), 5.22 (q, 1, JV ,4' =  4 Hz, =  6 Hz,
0.90 (d, 3, J  =  6 Hz, CüiH ,), 4.95 (m, 1, C„H). C .'H ), 5.40 (t, 1, J i ' y  =  =  6 Hz, C2'H ), 5.85 (d, 1,

Iodination of 2',3'-0-Isopropylideneuridine (5a). (A) In / 6,e =  8 Hz, CSH ), 6.08 (d, 1, JV ,2' =  6 Hz, C i'H ), 7.58 (d, 1,
DMF Alone.— 2',3'-0-Isopropylideneuridine (10 g, 35.2 mmol) J 6,6 =  8 Hz, C6H ).
and 1 (32 g, 70 mmol) were dissolved in anhydrous D M F (140 A nal. Calcd for Ci3H ,6N20 7I : C, 35.64; H, 3 .45 ; N, 6.39.
ml) and after 15 min at 25° methanol (5 ml) was added. After Found: C, 35.89; H , 3 .49; N, 6.29.
10 min the solvent was evaporated in  vacuo and the residue was 5'-Deoxy-5'-iodo-2',3'-0-isopropylidene-6-azauridine (9b).—  
dissolved in chloroform. After extraction with aqueous sodium A solution of 9a (285 mg, 1 mmol) and 1 (1 g, 2 mmol) in D M F
thiosulfate and then water, the chloroform layer was dried (Na2- (5 ml) was stored for 30 min at 25° and worked up as above using
S 0 4) and evaporated giving a colorless syrup containing 5b, ethyl acetate in place of chloroform. The dried organic phase
phenol, and diphenyl methylphosphonate. Crystallization from was purified by preparative tic using two successive develop-
chloroform by slow addition of hexane gave 13.4 g (96.5% ) of ments with chloroform-ethyl acetate (3 :2 ) . Elution of the
pure 5b: mp 165-166° (lit.22 mp 164°); 259 m/x (e 10,500); major band with acetone gave 190 mg (48% ) of crystalline 9b
nmr (CDC13) 1.34 ppm (s, 3, CMe2), 1.55 (s, 3, CMe2), 3.34 (q, 1, which was recrystallized from chloroform-hexane with mp 178- 
J„em =  10 Hz, JV.s'a =  5 Hz, C5'aH ), 3.52 (q, 1, J gtm =  10 Hz, 181° (lit.25 mp 176-181); X“«0H 261 m/x (c 6700); nmr (CDC13)
JV.«'b = 6.5 Hz, Cs'bH), 4.25 (hex, 1, / 3\4' =  3.5 Hz, JV ,6' =  1.36 and 1.56 ppm (s, 3, CMe2), 3.24 (d, 2, / 4',5' =  7.5 Hz,
6 Hz, C4'H ), 4.79 (q, 1, / 2',3' =  6.5 Hz, JV ,4' =  3.5 Hz, C3'H ), C6'H 2), 4.43 (hex, 1 , JV ,6' =  7.5 Hz, / 3',4' =  3 Hz, C4'H ), 4.81
5.03 (q, 1, =  2 Hz, / 2',3' =  6.5 Hz, C2'H ), 5.63 <d, 1, (q, 1 , J y ,t, =  3 Hz, J y .r  =  6 Hz, C3'H ), 5.07 (q, 1, / 2,,3, =
J !'•»' =  2 H z> Ci'H ), 5.75 (d, 1, J 5,6 =  8 Hz, C5H ), 7.35 (d, 1, 6 Hz. JV ,2' =  1 Hz, C2'H ), 6.38 (d, 1 , =  1 Hz, Ci'H ), 7.51
J s ,6 =  8 Hz, C8H ). (s, 1, C6H ).

Treatment of 5b (788 mg, 2 mmol) with 80%  acetic acid (18 A nal. Calcd for C,iH„N30 6I : C, 33.43; H, 3 .57. Found:
ml) at 100° for 90 min gave 620 mg (87.5% ) of 5'-deoxy-5'-iodo- C, 33.60; H , 3 .55.
uridine (6b) of mp 184-185° after crystallization from ethanol 2',3'-0-Benzylidene-5'-deoxy-5'-iodocytidine (10b). (A).—A
(see below).  ̂ solution of 10a (662 mg, 2 mmol)40 and 1 (2 g, 4 mmol) in D M F

(B) In the Presence of N,N-DiisopropylethyIamine.— A solu- (10 ml) was reacted overnight and worked up as usual using
tion of 5a (142 mg, 0.5 mmol), 1 (250 mg, 0.5 mmol), and N ,N - ethyl acetate. The resulting syrup (2.86 g) was purified by
diisopropylethylamine (260 mg, 2 mmol) in D M F (3 ml) was kept preparative tic on 4 plates using acetone-chloroform (1 :1 ) . In
overnight at 25° and then evaporated to dryness in  vacuo after addition to fast bands of phenol and diphenyl methylphosphonate
addition of methanol (1 ml). Upon addition of ethyl acetate a two intense ultraviolet-absorbing bands were obtained. Elution
brown precipitate (60 mg) separated and was discarded. After of the slower band with acetone gave 400 mg (45% ) of 10b as a
extraction with water, the organic phase was dried (NaoS04) and chromatographically homogeneous syrup from which 300 mg
purified by preparative tic using acetone-methanol (9 :1 )  which (34% ) of crystalline material with mp 175-180° was obtained
gave 5b, unreacted 5a, and a slow moving band. Elution of the from ethanol. An analytical sample from acetone had mp 176 .5-
latter and crystallization from ethanol gave 21 mg (16% ) of 177.5°; X”£ H 278 m/x (e 12,800); nmr (CDC13) showing a mixture
2 ,3 -0-isopropylidene-02,5'-cyclouridine (17) which decomposed of benzylidene diastereoisomers with 3 .3 -3 .8  ppm (m, 2, Cs'Hü),
from 228 to 280° (lit.23 decomposition above 190°): X“« *  236 4.45 (m, 1, CVH), 5 .0 -5 .4  (m, 2, C2'H and C3'H ), 5.63 (s, 1,
m/x (e 13,900); ORD (MeOH) negative Cotton effect with mini- Ci'H ), 5.80 (br d, 1, J 6l6 =  7 Hz, C5H ), 5 .94 and 6.06 (2s, 1,
mum at 245 m/x (# - 1 6 ,  100°) and zero rotation at 233 m/x; A rC H 02), 7.45 (m, 6 , Ar and C6H ).
nmr (de-D M F) 1.33 ppm (s, 3, CMe2), 1.43 (s, 3, CMe2), 4.27 A nal. Calcd for Ci6H16N30 4I: C, 43.55; H, 3 .66 ; N , 9 .53.
(d, 1, J gem =  12 H z, C5'a), 4.67 (q, 1, J gem =  12 Hz, J 4' ,5'b =  Found: C, 43.28; H, 3 .70 ; N, 9.79.
2 Hz, Cs'bH), 4 ./7  (br s, 1, C4'H ), 5 .0  (s, 2, C2'H and C3'H ), Elution of the faster band gave a phosphorus-containing syrup 

^ 5’6 =   ̂ ^ 5̂ )> 8 *1.2 (d, 1 , Jö.e =  that could not be crystallized and that partially decomposed to
°  t . 10b upon storage: Ama°H 280 mju, 270 m/x; nmr (ds-pyridine)
xoon In the Presence of Süver Perchlorate.—Silver perchlorate was poor but showed a sharp doublet at 1 .86 ppm ( / P,H =  17 Hz)
“̂60 mg, 1.1 mmol) and 1 (500 mg, 1.1 mmol) were dissolved in and an overabundance of aromatic protons. Brief treatment

D M F (3 ml) giving a yellow precipitate of silver iodide. N ,N - with methanolic hydrochloric acid gave 10b (see below).
Dnsopropyiethyiamine (3 ml) and 5a (284 mg, 1 mmol) were (B).— A reaction was carried out exactly as in A. After evap-
added, and after 10 min methanol (1 ini) was added to the dark oration of the ethyl acetate solution the resulting syrup was dis-
mixture. After filtration through Celite, the solvent was evap- solved in methanol (4 ml) and upon addition of concentrated
orated and the residue was separated by preparative tic using hydrochloric acid (0.2 ml) white crystals separated. After 15
acetone-methanol (9 :1 ) . In addition to a band of unreacted 5a min the crystals were removed by filtration, washed with ethanol,
a major band of 17 ivas observed and eluted. Crystallization and dried in  vacuo over sodium hydroxide giving 855 mg (90% )
from ethano! gave 55 mg (21% ) of !7  identical with that above. of the hydrochloride of 10b, X“ e™ 278 m/x. This material (755
0 , : de ° ^- 5 - i ^t hyr ni dme  (7b).— A solution of mg) was partitioned between ethyl acetate and 0.2  M  sodium bi-
• 1,26 g ’r.1o an<* 1 £> 22 lr-m°l) carbonate and the organic phase was dried (Na2S 0 4) and evap-
j  M * (50 ml) was kept at 25 for 1 hr and then evaporated to orated. The resulting syrup was crystallized from acetone giving 
dryness after addition of methanol (5 ml). The residue was dis- 770 mg (89% ) of 10b identical with that above, 
solved m chloroform, washed with thiosulfate and water, dried, Iodination of Thymidine with 1. (A) In DM F.—Thymidine

d, l r“” (“ 0r,?form- heoXane giving 5 '20 d -W  g- 8 mmoD and 1 (4.35 g, 9.6 mmol) reacted in D M F
g (88% ) of 7b with mp 132 132.5 (lit. mp 131 ); nmr (CDC13) (20 ml) at room temperature for 10 min. After addition of
, ‘ J 5? ? 1 tV j  >" yi io, .“T.1 ŝ’ tt’ ®"^c )' 2 -l -2 .4  methanol (10 ml) the mixture was worked up in theusualw aygiv-
(m, A U 't t 2), 3 .4- 3.7  (AB of ABC, 2, J Bem =  11 H z , / 4',6'a =  3.5 ing a syrup that was crystallized from methanol giving 1.61 g 
a 09 t ' s'\ ~ T3 H z’ ’ 3 V9 m ’ 1 ’ ? 4'TTtI’ 5 '3, ! ’ C3'h )> (57% ) of pure 5'-deoxy-5'-iodothymidine (14b) with mp 173-
6.32 (q ^ l, -  5 Hz, + ' , 2'b =  7.5 Hz, Ci'H ), 7.57 (q, 174° (lit.21 mp 172-173°). Chromatography of the evaporated

ol'o'x ti* Z' . J s . mother liquors on four preparative plates using carbon tetra-
9 ' 9 '’ A- n1 °  fC?ty-̂ r I n T  -mdouridme (8b).—-A solution of chloride-acetone (1 :1 )  gave a further 170 mg (total yield 63% ) of
2 w 7 n n  y \indm? (6I ! ’ 19-5 mm0l) and 1 i 13 g ’ 30 mmol) 14b: X~«°H 263 m/x (« 9600); nmr (d5-pyridine) 1.94 ppm (d, 3,
in D M F (100 ml) was kept at room temperature for 2 hr. After J Mylic =  1 .5 Hz, C5Me), 2.54 (q, 1, J lW ,  =  7 Hz, J 2'a<8' = 2 . 5
addition of methanol (10 ml) the solvent was evaporated and a

(40) J* Baddiley, J .  G. Buchanan, and A. R. Sanderson, ibid., 3107, 
(39) A. M. Michelson and A. R. Todd, J .  Chem. Soc., 951 (1953). (1958).

2324 J .  Org. Chem., Vol. 35, No. 7, 1970 Verheyden and Moffatt



Hz, C2'aH ), 2.60 (d, 1, J i ' . i ’b =  7 Hz, =  / 2'bl3' 0 Hz, CVbH), isopropylethylamine (2.6 g) were allowed to react for 15 min at
3.68 (br d, 2, J 4-,6< =  6 Hz, C6<H2), 4.24 (hex, 1, J v ., '  =  3 Hz, 25° in D M F (50 ml). After addition of methanol (1 ml) and
,7V,5' =  6  Hz, C4'H ), 4.7 (m, 1, C3'H ), 6.86  (t, 1, J i '.j ' =  7 Hz, evaporation to dryness, ethyl acetate was added giving 1.0 g of
Ci'H ), 7.67 (q, 1, J aiiyiie = 1 .5  Hz, C ,H ). a precipitate which contained at least seven very polar spots all

During tie purification of 14b a minor, slower moving band was with Xma* 247 and 225 typical of 0 2,2'-cyelouridine. The ethyl
also eluted giving 60 mg of a chromatographically homogeneous acetate supernatant was extracted with saturated aqueous sodium 
product tentatively identified as thymidine 3',5'-cyclic methyl- chloride, decolorized with charcoal, and evaporated to dryness, 
phosphonate. The product could not be crystallized and was Addition of ether (150 ml) gave 1.01 g (42% ) of white crystals
contaminated with silica so as to give an unsatisfactory ele- which contained equal amounts of the diastereoisomers of 22 .
mental analyses: 262 m/x; nmr (CDCls) 1.77 ppm (d, 3, Preparative tic using acetone cleanly separated these com-
7 P j  =  18 Hz, PCH 3), 1.91 (d, 3, /„Hylic =  1 Hz, C6M e), 2.78 pounds. The slower isomer was crystallized from methanol:
(q, 2 , JV.P = 7 Hz, J , ' . , '  =  5 Hz, C2'H2), 3.61 (d, 2, JV ,6' =  6 mp 222-224°: X“ T  225 m/x (* 9800), 247 (8800); ORD (MeOH)
Hz, C5'H2), 4.27 (m, 1, C4'H ), 5.45 (m, 1, C3'H ), 6.72 (t, 1, positive Cotton effect with peak at 260 m/x (4> + 1 0 ,6 0 0 °), zero
/ p i2' =  7 Hz, Ci'H ), 7.46 (br s, 1, CeH ); mass spectrum m/e rotation at 247 m/x and a trough at 227 m// (4> —26,000°); nmr
303 (M +, weak), 287 (M -  CH3, weak), 1 7 3 ,9 4 ,8 1 . (de-DMSO) 1.82 ppm (d, J r ,H =  18 Hz, PCH 3), 2.92 (q, 1,

(B) In Pyridine.— Thymidine (484 mg, 2 mmol) and 1 (2.6 J eem =  11 Hz, JV.s'a =  8 Hz, Cs'aH), 3.2 (m, 1, Cs'bH), 4.32 (m,
g, 5.5 mmol) were dissolved in pyridine (15 ml) and kept at 25° 1, C4'H ), 5.19 (q, 1, ./s'.*' =  3 Hz, / f .h =  8 Hz, Ca'H), 5.62
for 1 hr. After addition of methanol (5 ml) the solvent was (d, 1, J iVi' =  6 Hz, C2'H ), 5.90 (d, 1, Js.s  =  8 Hz, CsH), 6.45
evaporated, and the residue was coevaporated several times with (d, 1, J i ’y  =  6 Hz, Ci'H ), 7 .1 -7 .6 (m, 5 , A r), 7.95 (d, 1, Js .t  =
methanol. Chromatography of the residue on three preparative 8 Hz, C6H ).
tic plates using ethyl acetate-methanol (1 : 1 ) gave a major band A n al. Calcd for Ci6HieN20eIP : C, 39.20; H, 3 .29 ; N, 5.72.
(R i ~ 0 .5) which was eluted and crystallized from acetone giving Found: C, 39.19; H, 3 .27; N, 5 .87.
340 mg of crude product that still contained an impurity. Re- The faster moving isomer was crystallized from ethanol:
chromatography using two developments with chloroform- mp 196-197°: 225 m/x (e 9800), 247 (8600); ORD (MeOH)
methanol (9 :1 ) gave a sharp band that was eluted and crystal- positive Cotton effect with a peak at 265 m/x (4> + 4 1 0 0 °), zero 
lized from methanol-ethyl acetate giving 294 mg (43% ) of 5 '- rotation at 252 m/x and a trough at 227 iri/x (4> —26,000 ); nmr
deoxy-5'-iodo-02,3'-cyclothymidine (19) with mp 192-192.5°; (d6-DMSO) almost identical with that of the slower isomer.
X“ < 247 m/x (e 9100); ORD (MeOH) negative Cotton effect A nal. Calcd for CieHieNiOelP: C, 39.20; H, 3 .29 ; N , 5.72.
with trough at 248 m/x ( $ —24,100°), zero rotation at 226 m/x and Found: C, 38.95; H, 3 .31; N, 6 .08.
a peak at 217 m/x (4> + 5 8 0 0 °) ; nmr (d6-DMSO) 1.75 ppm (d, 2',3'-0-Isopropylidene~N3,5'-cycloadenosine Iodide (23).—
3, /aiiyiie =  1 Hz), 2 .45-2 .65  (m, 2, C2'H2), 3.12 (q, J aim =  10 2',3'-0-Isopropylideneadenosine (307 mg, 1 mmol) and 1 (1.4 g,
Hz, / 4' ,5'a =  8 Hz, Cs'aH), 3.27 (q, J  gen =  10 Hz, JV.s'b = 7 3 mmol) were allowed to react overnight in D M F (15 ml). After
Hz, Cs'bH), 4.51 (hex, 1, J 3',4' =  2 Hz, JV.s' =  7 -8  Hz, C4'H ), addition of methanol the solvent was evaporated and upon addi-
5.29 (br d, 1, J 3>y =  2 Hz, Cs'H), 5.92 (d, 1, J p y  =  3 Hz, tion of ethyl acetate 400 mg (96% ) of pure 23 separated as a white
Ci'H ), 7.56 (q, J aiiyiio =  1 Hz, C6H ). precipitate. Crystallization from ethanol gave colorless crystals

4 nal. Calcd for CwHnN20 3I : C, 35.94; H , 3 .32. Found: with mp 280-282° dec (lit.32 mp 277° dec); Xm!„  273 m/x (e 15,400),
C, 36.07; H, 3 .43. 220 m/x (e 20,700); ORD (H20 )  negative Cotton effect with a

On prolonged reaction a spot of increasing intensity appeared trough at 272 m/x (4> —4600°), zero rotation at 257 m/x, a shoulder
near the origin during tic with ethyl acetate-methanol (1 :1 ) . at 232 m/x (4> + 1 0 ,0 0 0 °), and apeak at 212 m/x (<£ + 3 5 ,0 0 0  ) ;41
Elution of this material with methanol gave a syrup with X“ '°H nmr (ds-pyridine) 1.35 and 1.55 (s, 3, CMe2), 3.39 (q, 1, J am =
260 m/x and shoulders at 255 and 265 m/x. Paper electrophoresis 14 Hz, Jx'.s'a =  2 Hz, Cs'aH), 3.83 (q, 1, / „em =  14 Hz, JV.s'b =
at pH 7.5 showed the product to be a cation with a mobility 3 Hz, Cs'bH), 4.67 (d, 1, J 2',3' =  6 Hz, C3'H ), 4.84 (m, 1, C4'H ),
identical with that of an authentic salt of 16.30 5.01 (d, 1, <7Va' =  6 Hz, C2'H ), 6.04 (s, 1, Ci'H ), 7.86 (s, 1,

5'-Deoxy-5'-iodouridme (6b).—Uridine (244 mg, 1 mmol) and C8H ), 9.56 (s, 1, C2H ). The spectrum in d6-DMSO gave less
1 (640 mg, 1.5 mmol) were allowed to react for 1 hr at 250 in D M F resolution of the sugar protons and led to a large solvent shift
(5 ml). After the usual work-up using chloroform, the product of the C2H and CSH protons which appeared at 8.60 and 8.76
was found in the aqueous phase and was recovered by continuous ppm. , ,
extraction into ethyl acetate. Evaporation of the solvent left N3,5'-Cycloadenosine (29).— Adenosine (267 mg, 1 mmol) and
230 mg (65% ) of crystalline 6b that was recrystallized from 1 (500 mg, 1.1 mmol) were allowed to react for 5 min m D M F (0
methanol giving 140 mg of analytically pure product with mp ml) and after addition of methanol (1 ml) the mixture was evap-
184-185° (lit.23 mp 182-183°); x“ i H 260 m/x (e 10,400); nmr orated to dryness. Addition of ethyl acetate gave a white
(ds-pyridine) 3.67 ppm (q, 1, J gem =  10 Hz, J 4',s'. = 5 Hz, crystalline residue that was dissolved in water and repeatedly ex-
C4'H ) 3.81 (q, 1, J 0em =  10 Hz, J 4',5'b =  5 Hz, Cs'bH), 4.35 traded  with ethyl acetate to remove two relatively nonpolar by-
(q, 1, JV ,4<, JV.s'a, JV.s'b =  5 Hz, C4'H ), 4.51 (t, 1, / 2',3', J 3',4' =  products. Evaporation of the aqueous phase and crystallization
5 Hz, Cs'H), 4.81 (t, 1, J i',2', J i ' y  =  5 Hz, C2'H ), 5.85 (d, 1, of the residue from methanol gave 189 mg (50% ) of 29 which
j .  =  8 Hz CsH) 6 64 (d, 1, J i '  2' =  5 Hz, Ci'H ), 7.95 (d, 1, melted with decomposition at 215-230 : Xm,x 220 m/x (e 21,700),
j '  =  g H z’ C6H )’ 273 (13,500); ORD (H20 )  negative Cotton effect with a trough

Iodination of Ö2,2'-Cyclouridine (15b). (A) In DM F.— at 272 m/x (<& -7 9 7 0 ° ) ,  zero rotation at 237 m/x and a peak at 235
0 2,2'-Cyclouridine (451 mg, 2 mmol) and 1 (1.8 g, 4 mmol) were m/x (4? + 6 1 5 ° ) ; nmr (d6-DMSO) 3.99 ppm (d, 1, </«'.«' -  6 Hz,
allowed to react in D M F (10 ml) for 10 min at 25°. After addi- C2'H ), 4.30 (m, 1, C3'H ), 4.69 (br s, 2 Cs'H2), 4.90 (br s, 1,
tion of methanol the reaction was evaporated to dryness and C4'H ), 6.41 (s, 1, Ci'H ), 8.49 (s, 1, C2H or CSH ), S./2 (s, 1,
directly chromatographed on two preparative plates using ace- C2H or CgH). „  , „ . v  , ¡ , , 7
tone. The major band was eluted giving 450 mg of a syrup con- A nal. Calcd for GioHudNsUsi: G, ¿¡1.S4, n ,  a . t i ,  in , 1 0 .0 1 .
taming one major spot and two close moving impurities (22). Found: C, 32.02; H , 3 .38 ; N, 18.45. _
Rechromatography using two successive developments with ace- 2',3'-0-Isopropylidene-N3,5 -cycloguanosme Iodide (24).
tone led to considerable decomposition and crystallization of the 2 \3 '-0 -Isopropylideneguanosine (323 mg, 1 mmol) and 1 (640
major band from ethanol gave 175 mg (31% ) of 5'-deoxy-5'-iodo- mg, 1.4 mmol) were allowed to react overnight m D M F (10 ml).
O2,2 '-cvclouridine (15b) with mp 194-195° (lit.29 mp 194-195°); After addition of methanol, evaporation to dryness, and addition
j M.oh 245 m 8050), 223 (9,250); ORD (MeOH) positive Cot- of ethyl acetate, 375 mg (87% ) of crystalline 24 was obtained,
ton effect with a peak at 260 m/x (<J> + 1 2 ,0 0 0 °), zero rotation at Recry stallization^ from aqueous acetone gave n eed tew ith  mp
247 m/x and a trough at 226 m/x (4> - 3 1 ,0 0 0 ° ) ;  nmr (d6-DMSO) above 300 ; X „  219 m/x e 37 ,800 ) 265 (11
2.97 ppm (q, 1, =  11 Hz, J 4',5'« =  7.5 Hz, Cs'aH), 3.20 (q, ( ,  18,500), 260 (sh, 11,000); x £ . ’ 220 m/x ( ^ 6  400) 260 (9800)
1 j Z  =  11 Hz, J v . s'b =  6.5 Hz, Cs'bH), 4.15 (rough hex, 1, all in agreement with earlier reports;33 nmr (de-DMSO) 1.24 and

--------7 Hz, J 3',4' =  2 Hz, C4'H ), 4.35 (m, 1, C; 'H ), 5.26 1.46 ppm (s, 3, CMe2), 3.99 (q, 1, J„em -  14 Hz, JV.s'a 2 H . ,
(q 1, J i - y  = 5.5 Hz, J 2',3' =  1 Hz, C2'H ), 5.88 (d, 1, Js.e =  8 Cs'aH), 4.55 (d, 1, J 2',3' = 6 Hz, C3'H ), 4.77 (q, 1, J -  14
Hz, CsH), 6.14 (d, 1, J h .oh  =  4.5 Hz, Cs'OH), 6.37 (d, 1, ____________

=  5.5 Hz, C4'H ), 7.81 (d, 1, J s,6 =  8 Hz, C6H ); mass spec­
trum m/e 336 (M+), 254 (I2+), 192, 127 (I+), H 2 (uracil). (41) These data are in agreement with those of others: (a) A. Hampton

(B )  In the Presence of N,N-Diisopropylethylamine.— 0 2,2 ;- and A. W. Nichol, J .  Org. Chem., 32, 1688 (1967); (b) D. W. Miles, . .
Cyclouridine (1.13 g, 5 mmol), 1 (6.4 g, 14 mmol), and N,N-di- Robins, and H. Eyring, Proc. Nat. Acad. Sei. U. S„ B7, 1138 (1967).
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H z, J i'.s 'b  - 2 H z , C i ’b H ), 4.93 (m, 1, C 4'H ) ,  5.00 (d, 1, =  was crystallized from ethanol giving 65 mg of 5'-deoxy-5'-iodo-
6 Hz, C 2'H ) ,  6.53 (s, 1, C i 'H ) ,  8.10 (s, 1, C 8H ) .  2',3'-0-isopropylidenemosme (26) as needles of mp 195-197°

Iodination of 2',3'-0-Isopropylideneinosine.— 2',3 '-0-Isopro- dec (lit.34 mp 203-204° dec). Chromatography of the mother
pylideneinosine (616 mg, 2 mmol) and 1 (1.7 g) were allowed to liquors on a column of silicic acid using a gradient (0 -30% ) of
react overnight in D M P (10 ml) containing pyridine (0.8 ml). methanol in chloroform gave a further 70 mg (total yield 15% ) of
After addition of methanol and evaporation of the solvent, the 26: x“ae°H'H+ 249 m/i (e 11,600); X“a°H/0H_ 254 mju (e 12,200);
residue was partitioned between water and chloroform. Pyridine nmr (d6-DMSO) 1.52 and 1.32 ppm (s, 3, CM e2), 3.41 (m, 2,
(0.5 ml) was added to the aqueous phase and the solvent was C 5'H 2), 4.35 (h, 1, JV .v =  3 H z , JV.s' =  6.5 H z , C 4>H ), 4.99
evaporated leaving a crystalline residue that was recrystallized (q, 1 , JV ,4> =  3 H z , J 2>,3> =  6 H z , C 3'H ) ,  5.45 (q, 1, J v . r  =  6
from ethanol giving 470 mg (76% ) of 2',3'-0-isopropylidene- H z , J v .v  =  2.5 H z , C 2<H), 6.24 (d, 1, Jv.%> =  2.5 H z ,  C V H ),
N s,5'-cycloinosine (25) with mp 265-268° (lit.8Sb mp 266-269°); 8.16 (s, 1, C 2H  or C aH ) ,  8.36 (s, 1, C 2H  or C8H ); ORD (H20 )
XS„° 252 m/a (e 6500); AiS.2 253 m/i (e 7300); Xp“aa12 253 mju (« negative Cotton effect with a trough at 285 my. (4> —3300°) and
6700) and changing to Amax 269 my. (e 11,300) within 2 hr; nmr apeak at 255 my (4> —580°).
(da-pyridine) 1.23 and 1.46 ppm (s, 3 , CMe2), 3.04 (q, 1 , J aem =  A n al. Calcd for Ci3H i6N 40 4I : C, 37.33; H , 3 .62; N , 13.40. 
14 Hz, J i ' .v a =  1.5 Hz, Cs-aH), 4.83 (m, 1, C4<H), 4.93 (s, 1, Found: C, 37.55; H, 3 .82; N, 13.71.
J t ' .v  =  J r . i ’ =  0 Hz, C8'H or C2'H ), 4.95 (s, 1, CVH or CVH),
5.10 (q, l, J aem = 14 Hz, J 4.,5- = 2.5 Hz, CWH), 6.39 (s, l , Registry No.— 1, 17579-99-6; 5a, 362-43-6; 8 b, 
Ci4 I )  8.02  (s l C2H °r C8H ) 8 .9 1 %  1, C2H or C8H ). 14842-09-2; 10b, 24498-13-3; 15b, 24453-27-8; 19,

A n al. Calcd for C i3H14N40 4-H 20 :  C, 50.64; H , 5 .23; N, 0 , , ™ „ c n  m  o d m  on n on o u r a o n i  ’
18.18. Found: C, 50.61; H, 5 .40; N , 18.34. 24453-28-9 ; 22, 24453-29-0; 29, 24453-30-3; 14a,

Evaporation of the chloroform phase left a syrup (1.04 g) that 50-89-5.
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The synthesis of a series of 4-substituted 2-oxo-6-hydroxypyrimidme 2',6-anhvdronucleosides (4-oxo, 4-thio,
4-methylthio, 4-hydroxylamino, and 4-amino) is described, and their chemical properties are compared with 
certain 5',6-anhydronucleosides. These 2',6-anhydro compounds undergo facile ring opening in aqueous base 
to give the corresponding 6-oxo-l-0-D-arabinofuranosylpyrimidines, but unlike the 5',6-anhydronucleosides 
they are exceedingly stable in dilute aqueous acid. Treatment of either 4-amino- or 4-methylthio-l-^-D-arabino- 
furanosylpyrimidine-2,6-dione with aqueous acid gives 2',6-anhydro-l-(/3-D-arabinofuranosyl)barbituric acid as 
the major product. In anhydrous base the 4-amino- and 4-methylthio-2',6-anhydro compounds undergo re­
arrangement to their 2',2-anhydro isomers. A plausible mechanism for this rearrangement is given.

Although pyrimidine nucleosides containing a 5 ',6 - 9 by treatm ent of the 4-thione 7 with alcoholic ammonia
anhydro linkage (for example 1 ) are now well known, 2 -4  under a variety of conditions resulted in either no reac-
only one example (2 ) of the corresponding 2 ',6 -anhydro tion or in considerable degradation with very low yields
system has been reported . 5 '6 This study deals with (< 1 0 % ) of the desired product 9. Similarly, treat-
the synthesis of a series of 2',6-anhydronucleosides and ment of the 4-methylthio nucleoside 8  with either liquid
demonstrates that their chemical properties differ in or alcoholic ammonia failed to give acceptable yields of
several important respects from those of the 5 ' ,6 - 9. As will be shown later, the low yields of 9  obtained
anhydro compounds. in these amination reactions are due in part to unex-

The 2',6-anhydronucleoside 2 , which is readily pre- pected rearrangements of the 4-methylthio nucleoside 8  

pared by treatm ent of arabinosyl-5-bromouracil with and of 9  itself.
sodium methoxide in methanol, 5'7 was converted into a A satisfactory synthesis of the 4-amino nucleoside 9 
series of 4-substituted derivatives as outlined in Scheme was achieved v ia  the 4-hydroxylamino nucleoside 1 2 .
I. These transformations involve the 4-thione 7, a The 4-methylthio derivative 8  (obtained v ia  1 0 ) reacted
key intermediate that was prepared in 78%  yield by with an excess of hydroxylamine in methanol to give 1 2

thiation of the dibenzoate 4 with P 2S5 in refluxing 1,4- directly. Under the same conditions, however, the 4-
dioxane. 8 Attem pts to prepare the 4-amino nucleoside thione 1 0  afforded an intermediate bishydroxylamino

compound9 1 1  which underwent acid-catalyzed elimi- 
TT supporte'!i“ %rt ()y thf ,N“tiT '1 nation of hydroxylamine to give 1 2  in 6 6 %  yield. Re-

(Grant No. ca 08748). auction oi 12 using palladium-charcoal catalyst gave
(2) b . a. otter, e . a. Falco, and j . j . Fox, j . Org. chem ., 34, 1390 the 4-amino nucleoside 9. Attem pts to deaminate 9

<19(3)9)D. Lipkin, C. Cori, and M. Sano, Tetrahedron L ett, 5993 (1968). W lth  nitTOUS ad d ’ 3S Part ° f the structural proof, failed
(4) P. K . Chang, J .  Org. Chem., 30, 3913 (1965).
(5) B . A. Otter, E . A. Falco, and J .  J .  Fox, ibid., 33, 3593 (1968).
(6) M. Honjo, Y . Furukawa, N, Nishikawa, K . Kamiya, and Y . Yoshioka, system (R. S. Klein, ei al., manuscript in preparation) for the thiation of

Chem. Pharm. Bull. (Tokyo), 15, 1076 (1967). nucleosides. With the conventional system 7 was obtained in only ~ 5 0 %
(7) Compound 2 has also been prepared» by reductive dehalogenation of yield after a 24-hr reaction period. The authors are indebted to  Dr. M . P.

the corresponding 5-iodo nucleoside. The latter compound was isolated Kotick of this institute for suggesting the applicability of the P 2S5—dioxane
(yield unstated) from a mixture of products obtained by iodination of 1-/S-D- reagent to nucleosides.
arabinofuranosylcytosine. (9) An intermediate bishydroxylamino compound has also been observed

(8) This reagent combination (PaSs-dioxane) affords higher yields of 4- in the hydroxylamination of 4-thiouridine; see I. Wempen, N. Miller, E . A.
thiones in a shorter reaction time than the conventional PaSs-pyridine Falco, and J .  J .  Fox, J .  Med. Chem., 11, 144 (1968), and references therein.
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S c h e m e  I reaction mixture probably because this compound,
r 0 1 like the corresponding ribonucleoside,2 would be un- 

X  X  X NH stable in aqueous base.
{lNXo 0 <AnA> Unlike the seven-membered 5',6-anhydro ring of 1,

H jcX. I hocĥ °|[ — H0X ° X  the five-membered 2',6-anhydro ring of 2 is remarkably
1C  X I iC /  X - f  stable in acidic media. Thus 2 was recovered un-

ô o ho . L H0 J changed after refluxing in 1 N  hydrochloric acid over
Me0Me /  ®  \ ®  a 24-hr period; in 12 N  hydrochloric acid at room tem-

/  t  \ perature, 2 is stable for at least 4 days. This behavior
/  H \ \  NH2 contrasts to that of 1 which is completely hydrolyzed

9 X  Xjn \  within 8 hr by 0.1 N  hydrochloric acid at 50° to give
f j H 01 nT0 \ l-/3-D-ribofuranosylbarbituric acid.2 That any equilib-

3z°cfe ° X  0 H0CH2.Q I \ H0<j>°X rium between 2 and 3 is almost exclusively in favor of
C / '  \ the ring-closed form 2 is shown by the following data.
b*o ho r °  ho Treatment of the 4-amine 6 with 1 N  hydrochloric acid

©  ®  \ ©  at 48° resulted in the quantitative formation of 2.
PjSs-diooni t  \ M This reaction must proceed via the barbituric acid

H* ohS \ ohS nucleoside 3 rather than the 2',6-anhydro-4-amino com-
s swe \ nh2 pound 9, because compound 9 is itself stable under these

I f 1 f O  \ reaction conditions. Ring closure of 3 would then in-
Hn.H o| nor« ° i \ HOrH 0 i ° volve addition of the 2 '-hydroxy group across the 6-

\ X ° X  carbonyl function followed by acid-catalyzed elim-
D \ ination of water from the resulting dihydro intermedi-BzO H0 v \ HO . . P

0  /  ®  \ hjOh \ (D ate. In a similar manner, acid treatm ent of the 4-
/  \  \ 1  methylthio nucleoside 5 afforded predominately 2 to-

otzes' / /  \  \ Pd* gether with a small amount of the 2',6-anhydro 4-
v s /  r  NH0H ~| \  \ NH0H methylthio nucleoside 8 . Since compound 8  is stable

X nh A n A n under the reaction conditions, the major product 2  is
bNA> hohX nA> L a  again formed win 3.

H0CX ° t l  H0CX ° a J Rearrangement of 2',6-Anhydronucleosides.—It was
NHi°H> > pointed out earlier that treatment of the 4-methylthio

H0 H° H0 nucleoside 8 with ethanolic ammonia (105°, 5 hr)
(io) L  ®  J  @  afforded only small amounts of the 4-amino derivative

9. Instead, 8  undergoes rearrangement to the isomeric 
to give any 2  and 9  was recovered unchanged. How- 2 '-2 '  anhydro - 1  -  (/3- d  -  arabinofuranosyl) -  2  -  hydroxy -  4-
ever, the 4 -hydroxylamino compound 1 2 , the immediate methylthiopyrimidin-6 -one (14, Scheme II ) , a crys- 
precursor of 9, could be converted into 2 by treatm ent
with nitrous acid, thereby confirming the 2',6-anhydro S c h e m e  II
structure. r

Acid-Base Stability of the 2',6-Anhydro Linkage.— R R J*
The 2 ',6 -anhydronucleosides are in general unstable in rp X  j A n ^
aqueous alkah and in this regard they resemble their X X  . so®nA) t------ =• f°° "nA>
5',6-anhydro counterparts.2'3 Thus treatment of 9 hocĥ 0^ hoch2,0 H0CA o\
with 1 N  sodium hydroxide at room temperature af- hX , . /  XuA/'
forded 4-amino-l-(/3-D-arabinofuranosyl)pyrimidine-2,6- o l
dione (6) in excellent yield. The structure of 6 was ,JH" (A ^  [®]
demonstrated by the similarity of the ultraviolet spec- © RiSMe ^
tral and acidic (pK & =  8.52) data to that of 4-aminopy- © R=NHa ®R
rimidine-2,6-dione (pAa = 8.25) and its l-/S-D-ribo- e f  1  X j
furanosyl derivative.10 Similarly, the 4-methylthio T  X* \  A  ^  (f JC0
nucleoside 8 underwent rapid anhydro ring opening in o n 0 g 0H9 o ’]1 0 H0CH ° ^
1 N  sodium hydroxide to give the 4-methylthiopyrim- HOtj X ° X  H |X'°'M A 0®!
idine-2,6-dione nucleoside 5, which was identified by T"T
comparison of its ultraviolet spectrum with that of the ho ho ho
corresponding ribonucleoside. 10' 11 As expected, the 4- ^
oxo nucleoside 2 is relatively stable in 1 N  sodium hy- ® R!SMc { J  R-SMe
droxide at 25°, presumably because it can exist as a , 6j R:KMi- R=NHz
monoanion which is not readily attacked by hydroxide
ion. However some ring opening does occur as shown talline compound which was isolated in 27%  yield, 
by a 25% decrease in concentration of 2  over a 1-week The structure assigned to 14 rests on the following data:
period under the above conditions. l-/3-D-Arabino- base-catalyzed hydrolysis of 14 afforded the same prod-
furanosylbarbituric acid (3) was not detected in the uct (5 ) as was formed by hydrolysis of 8 , thus estab-

(10) m . w. winkiey and r . k . Robins, j . chem . Soc. c ,  791 (1969). fishing that 14 is an a r a b in o  nucleoside containing an
(11) Attempts to displace the 4-methyithio group of 5 with liquid am- anhydro bridge at either the 5' or 2' position. That

monia (50°), ethanolic hydroxylamine (108°), or anhydrous hydrazine (25“) position is not involved in the anhydro linkage
were unsuccessful and in each case 5 was recovered unchanged. H
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of 14 follows from the nmr spectrum which showed the anhydro-ara&mo-nucleoside to the 2 ,2 ' isomer16 and
H -5' signals as a narrow multiplet at <5 3.30. In  a 5 '- of a 2,5'-anhydro-:rf/2o-nucleoside to a 2 ,3 ' isomer17
anhydro structure the H-5' signals would appear at have also been recorded. In these cases, however, 
lower field (for example2 5 4.08, 4.73 for compound 1) anhydro migration resulted from attack by an “up”
as a widely spaced quartet with ~  13 Hz.2 In  sugar hydroxyl on the C-2 position of the anhydro link-
fact, except for the H-5 signal at S 5.81, the nmr spec- age.
trum of 14 is almost identical with that of starting mate- That a 2',3'-nbo-epoxide 13 is involved in the conver- 
rial 8 (H-5, S 6.07). The similarity of the nmr spectra sion of a 2',6-anhydronucleoside into its 2 ,2 ' isomer is
of 8 and 14 means that both compounds have the same supported by several studies18 which attest to the ex­
conformation and, therefore, contain anhydro rings of treme susceptibility of such epoxides to attack by
the same size. This requirement is met only by a 2',2- nucleophiles including the 2-carbonyl of the aglycon.
anhydro structure for 14. Further support for this I t  is reasonable to expect that suitable derivatives of
assignment is that H-5 of 14 undergoes slow exchange the as yet unknown 3',6-anhydronucleosides will also
for deuterium in DMSO-d6-D C l. This exchange is undergo rearrangement to the 2 ,2 ' isomers via the same
consistent with a 4-methylthio-6-oxo system where the epoxide intermediate 13.
cation 16 can be formed by deuteration at C-5. This
type of ion clearlv cannot be formed in a 4-methylthio- . , . „o , r „ , • , 1 , • Experimental Section2-oxo system such as 8, and, in fact, no measurable in-
corporation of deuterium at C-5 was observed when 8  General Procedures.— Melting points were determined with a
was treated with DMSO-de-DCl over a 24-hr period. Thomas-Hoover apparatus (capillary method) and are un-

A mechanism that accounts for the formation of 14 ™rrect(f  Ultraviolet spectra were recorded on a Cary Model
. . . . . .  ,  . . , , , 15 spectrometer and nuclear magnetic resonance spectra were
from 8 involves displacement of the 2 -anhydro linkage measured with a Varian A-60 spectrometer using DMSO-46 as a
by the 3'-hydroxyl group to form the nfoo-epoxide 13. solvent and tetramethylsilane as an internal standard. Values
Attack of the initially formed C-6 oxygen anion (struc- given for coupling constants (hertz) and chemical shifts (s) are
tu re  A) on C -2 ' w ould reg en erate  8 b u t a tta c k  b y  th e  first. ?rder‘ ^ epara2.ive chromat°grap h ic, separations were
n  o • / , , t>v u  i j  j. i c a r r i e d  out on 20 X  20 cm plates coated with thin layers (0.25
C -2  o xy gen  am o n  (s tru c tu re  B )  w ould lead  to  14. mm) of silica gel GF264 or thfck layers (2 mm) of silic/ gel ¿ Fjm.
Ammonia functions only as a base in this mechanism In each case separated materials were detected with uv light and
and this is supported by the observed formation of 14 recovered by extraction of the silica with hot ethanol. Apparent
when 8 is treated with hot ethanolic triethylamine pKa values were determined spectrophotometrically and are
The mechanism is also consistent with the observation acourate to ±  0 ,05 pH uf  Uld,ess °,therwise specified Evapora-
,i A t t .. tions were carried out under reduced pressure with bath tempera-
that the 4-oxo nucleoside 2 IS stable in ethanolic ammo- tures kept below 45°. Microanalyses were performed by Spang
nia (105°, 24 hr). In  this case dissociation of the N-3 Microanalytical Laboratory, Ann Arbor, M ich., and by Gal-
hydrogen occurs and the monoanionic form predomi- braith Laboratories, Ir.c., Knoxville, Tenn.
nates, a fact which we have determined spectrophoto- 2',6-Anhydro-l-(3,5-di-0-benzoyl-/3-D-arabinosyl)-6-hydroxy-

Displacement of the anhydro linkage of 5 5 8 5 ^ * ^ 3 ® ^ ^ * »  
2 by attack oi the U-o substituent (to form a ribo- 200 ml of dry pyridine. The solution was kept at room tempera-
epoxide) would be less favored because the negatively ture overnight, concentrated to ~ 1 0 0  ml, and then poured into
charged aglycon would be a poor leaving group. lce water. The resulting solid (11.3 g, 87% ) was washed well

As with compound 8, treatment of 9 with ethanolic with wate2> and a pf tion wa!  all0ized from “ ethanol to give
/m o o  OA u \ c c  J  J  , 1 1  an analytical sample: mp 158-160°; nmr, 10.9 (1, broads,

ammonia (108 , 24 hr) afforded a crystalline product N H ), s .2 -7 .3  (10, m, benzoyl protons), 6.45 (1, d, H -l ', Jp y  =
(15) with analytical and spectroscopic data consistent 5.0 Hz), 5.73 (2, m, H -2', H -3'), 5.11 (1, s, H -5), 4.82 ( l ,  m,
with the 2,2 '-anhydro structure. The basic pAa of H-4'), 4.45 (2, m, H-5', H-5'), 3.32 (l, s, 0.5 H20).
9  (4 .2 2 )  an d  15 ( < 1 )  a re  in  th e  exp ected  o rd er an d  m a y  A nal. Calcd for QMTisK.Os. ‘/„TTjO: C, 60.15; H, 4 .13;
be compared with those of 1-methylcytosine (pAa = N’, ® r F i y n ° l  H’ 4;1« ’ N’ ?:97, n , . , „
a m u  j  ■, , , . • • 2 ,6-Anhydro-l-(3,5-di-0-benzoyl-(3-D-arabmosyl)-6-hydroxy-2-
4 .o 7 ) and l-methyl-4-ammopynmidm-6-one (pK & oxopyrimidine-4 -thione (7).—Phosphorus pentasulfide (6.44 g,
= 0.98),14 respectively. Compound 15 underwent 29 mmol) was dissolved in a hot solution of 4 (13.2 g, 29 mmol) in
rapid exchange of H -5  for deuterium when treated with dioxane (200 ml) and the solution was refluxed for 35 min. A
DMSO-de-DCl, probably via the cation 16, and formed flirther charge of P2SE (6.44 g) was added and refluxing was 
n Kino „  , , , , , continued for a further 40 min. The cooled solution was con-
a blue, crystalline mtroso compound when treated with centrated to ~ 5 0  ml and poured into ice water. The aqueous
nitrous acid, in  contrast, the 4-ammo 2',6-anhydro- mixture was extracted with chloroform (700 ml), sodium chloride
nucleoside 9 did not undergo deuterium exchange and was added to facilitate dispersal of the resulting emulsion, and 
failed to react with nitrous acid. t l̂e chloroform layer was washed with aqueous sodium chloride.

General Considerations.-The phenomenon of anhy- J he, °h}or°form solû n was dried (Na*SO<) and then concen- 
r, i, i , . trated to dryness. The residue was dissolved in ethyl acetate

dro bond migi ation has been observed previously. I t  (50 ml), and the solution was diluted with methanol (200 ml) and
has been shown that 2,3 -anhydro-l-(2,5-di-0-benzoyl- set aside to crystallize. The yield of pure 7 was 7.6 g (56% ).
^-D-xylofuranosyl)uracil undergoes thermal rearrange- A second crop, obtained by concentration, was recrystallized
ment to the 2,2'-anhydro isomer via a 2',3'-benzoxo- t0 give a further 3-° § (total yield 78%); mP 114-115°; nmr,
nium t a  intermediate.15 The isomerization of .  2,S '- 12

(12) Compound 2 exhibits spectral shifts in aqueous solution between pH
7 and 12.5.« Similar spectral shifts are observed in ethanol vs. ethanolic (16) I. L. Doerr, J .  F . Codington, and J .  J .  Fox, J .  Org. Chem 30 467
ammonia. ( i 96S).
n i l «  G ' W ' Kenner’ C ’ B ' Reese' and A- R - Todd, J .  Chem. Soc., 855 (17) K . Kikugawa and T . Ukita, Chem. Pharm. Bull. (Tokyo), 17, 775
(1955). (1969).

7  BI ° 'Vn and J ' S ' Harper> ibid-  1298 <1961)- (IS) D. M. Brown, D. B. Parihar, A. R . Todd, and S. Varadarajan,
T , 2  C: 7 ung and J ' J ' Fox’ J - Amer- Chem■ Soc-  83’ 3060 (1981Ji J - Chem. Soc., 3028 (1958); E . J .  Reist, J .  H. Osiecki, L. Goodman, and B .
J .  J .  Fox and N. C. Miller, J .  Org. Chem.. 28, 936 (1963); J .  J .  Fox and K. A. R . Baker, J .  Amer. Chem. Soc., 83, 2208 (1961); J .  F . Codington, R . Fecher,
\ \ atanabe, Chem. Pharm. Bull. (Tokyo), 17, 211 (1969). and J .  J . Fox, ibid., 82, 2794 (I960).
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H -3'), 4.85 (1, m, H -4 '), 4.47 (2, m, H -5', H -5 '). 3.31 (1, s, A nal. Calod for CgHnNsOs: C, 44.81; H, 4 .56; N, 17.42.
0.5 HjO). Found: C, 44.75; H , 4 .58; N, 17.41.

A nal. Calcd for C23II18N2O7S ■ V2H2O : C, 58.11; H, 4 .00 ; 4-Methylthio-l-(|3-D-arabinofuranosyl)pyrimidme-2,6-dione
N, 5.89; S, 6 .73. Found: C, 58.12; H , 4 .28; N , 5 .76 ; S, (5).— A solution of 8 (1 g) in 5 ml of 1 N  sodium hydroxide was
6 .57 . kept at room temperature for 1 hr. The solution was then

2',6-Anhydro-l-(/3-D-arabinofuranosyl)-6-hydroxy-2-oxopyrimi- neutralized with an excess of Dowex 50 (H+) and the filtrate
dine-4-thione (10).— Compound 7 (5 g, 10.5 mmol) was dissolved was concentrated to dryness. The residue (1.02 g, 98% ) crys-
in methanol (200 ml) containing sodium (200 mg), and the solu- tallized from methanol as a monomethanolate which melted
tion was kept at room temperature for 4 hr. W ater (20 ml) was indistinctly (foams -~ 110-120°). Drying in  vacuo at 100° for
added and the solution neutalized with ~ 2  g of Dowex 50 (H+). 24 hr failed to remove the methanol: uv X™„° 225 m^ (* 9800),
The filtrate was concentrated to dryness, and the residue (2.09, (shoulder at 236), and 283 (15,600), 250 (2900); XK“x14 231
87% ) was crystallized from 95%  ethanol to give needles: mp (« 11,400), 248 (12,800) and 295 (12,800), xS „14 238 (11,300),
223-224° dec; X°"x‘ 320 mM (e 36,700) and 250 (3600), X°" 1 273 and 268 (3700); nmr, 11.3 (1, broad s, N H ), 6.41 (1, d, H -l ',
(520), X̂ 14 306.5 mM (e 31,250) and 274 (9600), X °l14281 (8800); J o y  = 7.5 Hz), 5.41 (1, s, H -5), ~ 5 .1 6  (2, broad peak, 2'-OH,
nmr, 12.1 (1, broad s, N H ), 6 .24 (1, d, H -l ', J o y  =  5.5 H z), 3'-O H ), ~ 4 .2  (4, m, H -2', H -3', 5'-OH and methanol OH),
~ 5 .8 0  (2 , H -5 , s at 5.85 overlapped by 3'-O H ), 5 .24 (1, d, H -2 '), ~ 3 .6  (3, m, H -4', H -5', H -5 '), 3.18 (3, s, CH3OH), 2.45 (s,
4.95 (1, t ,  5'-O H ), 4.33 (1, narrow m, H -3 '), 4.05 (1, sextet, overlapped by solvent signal, SCH3).
H -4 ' Jo O = 2 Hz, Jo,5' = 5 H z), 3.3 (2, m, H -5', H -5 '). Ana?. Calcd for Ci0HHN2O6S-CHi,OH: C, 40.99; H, 5 .59;

A nal. ’ Calcd for C9H I0N2O5S: 0 ,4 1 .8 6 ;  H, 3 .88; N, 10.85; N , 8 .70; S, 9 .94. Found: C, 40.93; H, 5 .59 ; N, 8 .73 ; S ,9 .9 1 .  
S, 12.40. Found: C, 41.88; H, 3 .88 ; N, 10.77; S, 12.40. 4-Amino-l-(/3-D-arabinofuranosvl)pyrimidine-2,6-dione (6).—

2 ' ,6-Anhydro-l-(/3-D-arabinofuranosyl)-6-hydroxy-4-methyl- A solution of 9 (482 mg) in 10 ml of 1 N  NaOH was kept at room
thiopyrimidin-2-one (8).— Methyl iodide (1 ml) was added to a temperature until the change in uv absorption from 262.5 to 
stirred solution of 10 (516 mg, 2 mmol) in 40 ml of methanol, and 272 m/x (as determined with aliquots at pH 11) was complete
1 N  sodium hydroxide was added dropwise to keep the solution (~ 7 2  hr). The solution was neutralized with excess Dowex 50
at pH ~ 9 .  After 2 hr of stirring at room temperature the re- (H+) and the filtrate was concentrated to dryness. The residue
action mixture was neutralized with 1 N  HC1, and the solution (320 mg, 62% ) was recrystallized from a small volume of water
was concentrated to remove the methanol. W ater (10 ml) was to give colorless crystals: mp 231-232° dec; X*"x2 7 266 mM
added and the solution was passed through a column (2.5 X  12 (t 22,970), X“14,2 7 237 (2600), X^,12 272 (e 16,100), Xj,in 245
cm) of Dowex 50 (H +). The column was washed with 250 ml of (1570); acidic pK h = 8.52; nmr, 10.2 (1, broad s, N H ), 6.25
water, and then the product was eluted with 0.7 N  aqueous am- (3, broad peak, NH2 and H -l ') , 5.0 (2, broad, 2'-OH, 3'-OH),
monia. The eluate was concentrated to dryness and the residue ~ 4 .1  (4, H-5 s at 4.50 overlapped by H -2', H -3' and 5'-O H ),
(440 mg, 81% ) crystallized from 35 ml of ethanol to give colorless ~ 3 .5  (3, m, H -4', H -5', H -5 ').
needles: mp 200-203° (sinters 193°); X°",‘ 304 mM (e 29,400) A nal. Calcd for C9Hi3N30 6: C, 41.72; H, 5 .01 ; N, 16.21.
and 256 (5700), X°“ ‘ 270 (4350), X*®,10 294 (e 19,000) and Found: C, 41.76; H, 4 .89; N, 16.22.
263 (11,960), xS„’° 272 (11,150) basic pX„ ~ 2 ;  nmr, 6.30 (1, d, 2,2'-Anhydro-l-(/3-D-arabinofuranosyl)-2-hydroxy-4-methyl-
H -l ', J o y  =  5 .5 ), 6.07 (1, s, H -5), 5.87 (1, d, 3'-OH, JV .oh =  thiopyrimidin-6-one (14).— A solution of 8 (252 mg) in 50 ml of
4 .5 ),'5 .2 7  (1, d, H -2'), 4.91 (1, t, 5'-OH, JV .oh =  5 .0 ), 4.37 anhydrous ethanolic ammonia (saturated at 0 °) was heated in
(1, m, H -3'b  4-04 (1, m, H -4 '), 3.25 (2, m, H -5', H -5 '), 2.45 a sealed tube at 105° for 5 hr. The cooled solution was concen-
(s ’ overlapped by solvent signal, SCH3). trated to dryness, and the residue was separated into three

A nal. Calcd for CioHiiNaOsS: C, 44.12; H, 4 .41 ; N, 10.29; components (iff ~ 0 ,  0 .5 , and 0.6) by thick layer chromatography
S, 11.76. Found: C, 44.02; H , 4 .44 ; N, 10.25; S, 11.82. in methanol-chloroform (1 :1 0 ). The material with Ri 0.5 (20

2',6-Anhydro-l-(|8-D-arabinofuranosyl)-4-hydroxylamino-6-hy- mg) was identical (uv, ir, melting point) with starting material
droxypyrimidin-2-one (12).— A solution of hydroxylamine (58 8. The material with At 0 .6 was recrystallized fromjjthyl acetate
mmol) in methanol [freshly prepared by adding sodium (1.3 g) to give pure 14 (63 mg, 27% ): mp 194-196°; 285 m¡i
in methanol (200 ml) to a solution of hydroxylamine hydrochloride (e 13,000), 248 (11,300), and 232 (11,310); Xmin 239.5 m/x
(4.05 g) in methanol and then removing the precipitated sodium (e 10,150) and 261 (6100); basic pK *  <0;^ nmr, 6.34 (1, d, 
chloride] was added to 1.5 g (5.8 mmol) of compound 10 . The H -l ', Jo .O  =  5.8 H z), ~ 5 .8  (s, H-5 s at 5.81 overlapped by
solution was kept at 48° for 19 hr, at which time an aliquot S'-OH d at 5 .84), 5.18 (1, d, H -2 '), 4.92 (1, t, 5'-OH, JV .oh =
showed loss of uv absorption at 320 m/x. The reaction mixture 5.2 Hz), 4.39 (1, m, H -3'), 4.05 (1, m, H -4 '), 3.30 (2, m, H-5 ,
was concentrated to 50 ml and water (100 ml) was added. The H -5 '), 2.45 (s, overlapped by solvent signal, SCH3).
solution was adjusted to pH 1 with 12 N  HC1, and the appearance A nal. Calcd for CioHuNjOsS: C, 44.12; H, 4 .41; N, 10.29;
of absorption at 269 m/x (at pH 1) was monitored. After 1 hr S, 11.76. Found: C, 44.16; H, 4 .28 ; N, 10.18; S, 11.64. 
the reaction mixture was passed through a column (2.5 X  15 The material with Rt ~ 0  was separated into two fractions on
cm) of Dowex 50 (H+), and the resin was washed with 250 ml thin layer chromatography in chloroform-methanol (4 :1 ) .
of water. Elution with 0.7 N  aqueous ammonia then afforded These trace components were identified from their uv spectra as
1 a (66% ) of 12 which crystallized from 95%  ethanol as colorless compounds 9 and 15.
rods: mp 211-212° dec; X^,1 269 mM (« 21,450), XS®1 235 (2700); 4-Amino-2,2'-anhydro-l-(d-D-arabmofuranosyl)-2-hydroxy-
nmr, 9.6 (2, broad peak, NHOH), 6.08 (1, d, H -l ', Jo .O  =  5.0 pyrimidin-6-one (15).— Treatment of 9 (30 mg) with alcoholic
Hz) ~ 5 .7  (1, broad peak, 3'-O H ), ~ 5 .0  (3, m, H -5, H -2', ammonia for 24 hr, as described above m the preparation of 14,
5'-OH) 4 .24 (1, m, H -3 '), 3.95 (1, m, H -4 '), 3.30 (2, m, H -5', and fractionation of the crude residue by thin layer chromatog-

’ ’ ’ ’ raphy [triple development in chloroform-methanol (4 :1 )] gave
A nal. Calcd for C9HhN30 6: C, 42.02; H , 4 .28 ; N, 16.34. unchanged starting material (9 mg) and 16.7 mg (80% ) of 15

C 49 00* H 4 36• N 16 34. recrvstallized from methanol: mp 217-218 (sinters at 1 ),
4-Amino-2',6-anhydro-l-(/3-n-arabinofuranosyl)-6-hydroxy- X°”x‘ 264 mu (e 11,330) and 209 (23,000); X ^ 7 232 (2200),

pyrimidin-2-one (9).— A solution of 12 (538 mg, 2.1 mmol) in X°“x7 264.5 mM (« 11,800) and 210 (24 100); Xmi„ 232 (1320);
water (25 ml containing 3 drops of 12 N  HC1) was hydrogenated basicpK0 < l ;  nm r6.60(2 ,.b road s,N H ,), b.2o (1, d, H -l, J i t i
at atmospherric pressure over 10%  palladium-charcoal catalyst 5.7 Hz), 5.78 ( l , d , 3  -OH, J o .,oh -  4-5 H z), 5.19 (1, d H- ),
(150 mg). When the theoretical amount of hydrogen had been 4.92 (1, t, 5 -OH, JV .oh -  5.5  H z), 4.72 (1, s, H -5), 4.33 ( ,
taken up, the catalyst was removed and the filtrate was passed m, H -3 '), 3.97 (1, m  H-4 ), 3.28 (2 m H-5 , H-5O-
through a column (2.5 X  10 cm) of Dowex 50 (H+). The resm A nal. Calcd for CgHnNaOs: C , 44.81, H, 4.o6, N , 17.4 . 
was washed with water until the eluate was neutral, and then Found: C, 44.33; H , 4.77;_ N, 17-09. Arabino
the product was eluted with 0.7 N  aqueous ammonia. Concern Acid-Catalyzed Conversion of 4-Substituted l- (3-D-Arabino-
tration of the eluate afforded 320 mg (63% ) of 9 which crystal- furanosyl)-pyrimidme-2 ,6-diones mto 2 From/ w~ Ahpfli ^  at
lized from 95%  ethanol as micaceous plates, mp 278-279° of 5 (100 mg) in 50 ml of 1 A  hydrochloric acid w ^  heated at
eff • xpH 7 261 mu U 14,260), x i ”  240 (5260), X”" ,0 265 U 22,320), 48° for 19 hr. Periodic examination of aliquots (diluted to 1 X
X°» “ 2T3 Z  (2340); basic p £  = 4.22; nmr, 7.06 (2, broad s, 1 0 -  with water and adjusted to pH 1) showed a gradual loss of
NH 1 fi 14 fl d H -l ' J o , '  =  5.2 Hz), 5.77 (1, d, 3'-OH, absorption at 283 mM together with appearance of peaks at 252

4 ’ = ' 4 5 Hz) ’ —-5.l’ (2, H-5 s at 5.11 overlapped by H -2 'd  m/i (corresponding to ~ 8 0 %  yield of 2) and 306 mM (correspond-
at'5 .14), 4.89 (1, t, 5'-OH, J o .on =  5.5 Hz), 4.28 (1, m, H -3'), ing to ~ 7 %  yield of 8). The reaction mixture was passed through
3 95 (1 m H -4'), 3-27 (2, m, H -5 ', H -5')- a column containing excess Amberlite IR-4o, and tne emuenti
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and washings were concentrated to dryness. A portion of the form-methanol, 5 :1 )  afforded a single component which gave
residue was fractionated by thin layer chromatography (chloro- uv and ir spectra identical with those of authentic 2 .
form-methanol, 5 :1 )  to give crystalline material identical (uv,
ir, melting point) with authentic 2 . A faster moving component Registry No.—4, 2 4 7 0 4 -2 6 -5  ; 5, 2 4 7 0 4 -2 7 -6 ; 6,
was identified as 8 from its uv spectrum and chromatographic 2 4 7 0 4 -2 8 -7 ; 7, 2 4 7 1 0 -8 9 -2 ; 8 , 2 4 7 1 0 -9 0 -5 ; 9, 2 4 7 0 4 -
properties. . . 2 9 -8 ;  1 0 ,2 4 7 1 0 - 9 1 - 6 ;  1 2 ,2 4 7 1 0 - 9 2 - 7 ;  1 4 ,2 4 7 1 0 - 9 3 - 8 ;

From 6 .'—A solution of 6 (10 mg) m 10 ml of 1 N  hydrochloric * 9^71 a cm a 
acid at 48° was monitored (at pH 12) in the ultraviolet. The * '
initial absorption at 272 mM shifted over a 50-min period to give Acknowledgment.- T h e  authors are grateful to
a peak at 252 m/i having a final e value corresponding to a quan- , ,  . T „ , ,  . . , . , ,  ,  ..
titative yield of 2. Concentration of the reaction mixture and Marvin J .  Olsen oi this institute for recording the nmr 
isolation of the product by thin layer chromatography (chloro- spectra.

Nucleosides. LXV II. The Chem istry of 4-M ethyl-2-pyrim idinone
Ribonucleosides1

R. S. K l e i n , I. W e m p e n , K .  A. W a t a n a b e , a n d  J .  J .  Fox

Division o f  B iological Chemistry, Sloan-K ettering Institute fo r  Cancer Research,
Sloan-K ettering Division o f  Graduate School o f  M edical Sciences, Cornell University,

New York, New York 10021

Received Jan u ary  2, 1970

The synthesis of 4-methyl-2-pyrimidinone and 4,5-dimethyl-2-pyrimidinone ribonucleosides 3a and 3b is 
described. The site of glycosylation is determined by two independent routes. Nitrosation of the 4-methyl 
group converts 3a and 3b into their corresponding oxime derivatives (7a and 7b) which, by treatment with 
acetic anhydride, afford the corresponding nitriles (8a and 8b). The nitrile groups are easily displaced by a 
variety of nucleophiles. Reduction of oxime 7a followed by acetylation gives the N-acetylated aminomethyl 
derivative (10) which undergoes facile air oxidation to the 4-carboxymethyl derivative (11). In model studies, 
the structure of 11 is established by an unambiguous synthesis of l-methyl-2-oxo-4-pyrimidinecarboxylic acid 
methyl ester (16) from 3-methylorotic acid. l-Methyl-2-oxo-4-pyrimidinecarboxaldehyde oxime (14) is also 
shown to undergo reduction, acetylation, and autoxidation to 16.

As part of a program directed toward the syntheses of thiation of nucleosides,5 was accompanied by extensive 
nucleosides of potential biological interest, we have decomposition. When dioxane instead of pyridine was
investigated the chemistry of the hitherto unknown used as solvent in this reaction, a facile conversion of 5
ribofuranosyl derivatives of 4-methyl-2-pyrimidinones. to 4-thione 6 in above 70%  yield occurred.6 Assign-
Such nucleosides containing a basic aglycon may be ment of the thioxo group to the 4 position of 6 rests on
viewed as isosteres of cytidine and, since they also con- analogy with the thiation of 3-methyluracil (which gave
tain a potential enamine system, may undergo reactions the 4-thione exclusively)7 and from subsequent reac-
at the allylic position with electrophilic reagents leading tions of 6. Reductive desulfurization of 6 with various
to new types of nucleoside analogs. preparations of Raney nickel under a variety of condi-

Condensation of 4-methyl-2-pyrimidinone (la) or its tions was complicated by excessive ring reduction.
5-methyl derivative (lb) with tri-O-benzoyl-D-ribo- Partial reduction of 6 under mild conditions with ac-
furanosyl chloride by the mercuric cyanide-nitro- tivated Raney nickel prepared according to Brown8
methane procedure2 gave the blocked nucleosides 2 allowed at least the isolation by column chromatog-
which were isolated as their hydrochloride salts in good raphy of 2a from the reaction mixture. Compound 2a,
yields (Scheme I). After debenzoylation of 2, the thus obtained, was identical with that prepared by
unblocked nucleosides 3a and 3b were obtained as the direct condensation from 1 and afforded the same crys- 
crystalline hydrochloride salts. talline picrate. These results establish unambiguously

The site of ribosylation (N -l) was established for both the site of glycosylation in 2a at N -l and the 4-
nucleosides 3 as follows. Condensation of 6-methyl- thioxo structure for 6. Since nucleosides 3 derived
uracil (4) with the halogenose by the generalized mer- from 2 exhibited very similar ultraviolet absorption
curie cyanide-nitromethane procedure213 afforded crys- spectral properties, both 3a and 3b are 1-substituted
talline 3-(tri-0-benzoyl-/3- d- ribofuranosyl) - 6 - methyl- ribosyl derivatives.
uracil (5) in 70%  yield, which exhibited an nmr spec- Compound la  has been shown9 to undergo nitrosa- 
trum with values identical with those reported for this
product (as a^syrup) by Winkley and Robins,3 and by (5) J .  J .  F ox, I . Wempen, A. Hampton, and I. L. Doerr, J .  Amer. Chem.
PrystaS and Sorm.4 Debenzoylation of 5 followed by Soc- 80’ 1669 (1958>-
acetylation afforded the known3 crystalline tri-O-ace- ,6?.T1;e ua? of phosphorua p“ lfide ip (*ioxane a9a ‘hia«"* reasent, , r p .  ,  . _  " ,  combination has since teen applied m our laboratory (E . A. Falco, B . A.
tate. treatm ent OI tri-ci-benzoate 5 with phosphorus o v e r, and J .  J .  F ox, manuscript in preparation) to other nucleosides which
pentasulfide in pyridine, a widely used method for are eil tvil difficulty in pyridine as solvent. This reagent combination

(P:Ss-dioxane) is described by L. F . Fieser and M. Fieser, "Reagents for
(1) This investigation was supported in part by funds from the National Organic Synthesis,” John Wiley & Sons, Inc., New York, N. Y ., 1967, p

Cancer Institute, National Institutes of Health, U. S. Public Health Service 333, and should have wide application in the nucleoside area.
(Grant No. CA 08748). (7) T . Ueda and J .  J .  Fox, J .  Amer. Chem. Soc., 88, 4024 (1963); K . A.

(2) (a) N. Yamaoka, K. Aso, and K. Matsuda, J .  Org. Chem., SO, 149 Watanabe, H. A. Friedman, R . J .  Cushley, and J .  J .  Fox, J .  Org. Chem., 31,
(1965); (b) K . A. Watanabe and J .  J .  Fox, J .  Heterocyd. Chem., 6, 109 (1969). 2942 (1966).

(3) M. W. Winkley and R . J .  Robins, J .  Org. Chem., S3, 2822 (1968). (8) D. J .  Brown, J .  Soc. Chem. Ind., London, 69, 353 (1950).
(4) M. PrystaS and F. Sorm, Collect. Czech. Chem. Commun., 3 *, 331, (9) G. D. Daves, Jr ., D. E . O’Brien, L. R. Lewis, and C. C. Cheng,

2316 (1969). J  Heterocyd. Chem., 1, 130 (1964).
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Scheme I fairly rapid loss of the methyl resonance upon addition
ch3 ch o fD 20. This exchange is catalyzed by acid. A  similar

©  N©yR ¡N 'y  r situation obtains with the hydrochloride salt in which
n' j[R ___ > ___ > 0T NJ  the protons of the 4-methyl substituent undergo ex-

o©© * bzocĥ o > hoch2 0 change by deuterium. A  similar type of exchange has
© been observed with la .12

® bzoobz hooh Attempts to obtain the aminomethyl derivative from
(2) \  (D 7a by catalytic hydrogenation were unsuccessful owing

ch \  CH to the propensity of the pyrimidine ring to reduction,
o HX  If the reaction was stopped after the theoretical uptake

hn" S  --------* c A 'j-ij ------ > 0A nJLs mono; , of h yd rog en  and th e  aq ueous solu tion  tre a te d  w ith  a c e tic
0®n̂ ch3 bzoch2 o I Bz0CH2 q 1 S ac°H anhydride, the problem of overreduction was partially

H 3 1C  '/ I fC _ y j alleviated. However, the reaction still developed some
© Bzoosz BzOOTz color and isolation of a product was unsuccessful. It

zg, was noted that the uv spectrum of the reaction shifted
.J from that for the oxime (X£gx7 330 m © to 303 nvi akin

o cn ch=noh to the X1/© 7 for 3a which indicated that compound 10
t V  f Y  nC r had formed. The N-acetylation in methanol was mon-
cr"© c©© <©© itored spectrophotometrically. Unexpectedly, a fur-

H0C© ° \ |  <-------  acocĥ o.  <-^° h°cĥ o©  ther shift on standing of Xmax from 303 to 335 m/u (pH
IV i/i Re"“’1 f w l  7.0) was observed. This second reaction was acceler-

ho oh AcioAc hooh ( j j  ated by bubbling oxygen in the mixture thus indicating
© ® ( an autoxidation process.13 Acetamide was obtained as

(2) acjO.h2o a by-product of this reaction. The major product,
cooh cooMe r  | ch2-nhac1 obtained by column chromatography, was shown to

m© , © \  have structure 11 by nmr and by comparison of its uv
o C C  0©© spectrum with that for model compound 16 (see below).

hoc|©o^  <------  acocĥ o.  ^ oĥ o hooh, o I In order to confirm the structure of nucleoside 11,
i©_© ' 2 K© ©  model studies were carried out with l,4-dimethyl-2-

(g) hooh hooh hooh pyrimidiiione (13, Scheme II) which was converted into

rh ®  ®a. senes. R=H ~ __
b. senes. R=CH, Scheme II

CH3 CH=N0H CHj-NHAcl COOCHj
tion on the methyl group. Similar treatment of nucleo- n |) ----- > n©  ----- > n©  ---- » © |
sides 3 gave crystalline aldoximes 7 in good yields. <©© 0©  <©© <©©
These were readily converted to the tri-O-acetylated CH3 CH3 _ CH5 _ chj
carbonitriles (8) by refluxing with acetic anhydride. @ ® © ® T
Treatment of 8 with hydrochloric acid in methanol at 1
ambient temperature resulted in displacement of the 9 j t  j l  © 0H
cyano function to afford crystalline uridine (9a) and CH© j ]  — * c©  jl ----- * CH31  jl -----* © j)
5-methyluridine (9b), respectively.10 The exclusive 0 fj C00H 0 h C00CH3 0 [j cooch3 o n

formation of nucleosides 9 from 8 is best explained in this @ @ (g©5
case11 by initial protonation at N-3 followed by nucleo­
philic attack by water at C-4 to afford a cyanohydrin- the oxime 14 with nitrous acid. When the same reduc.
like intermediate which eliminates hydrogen cyanide. tion and acetylation procedures were applied to this
The conversion of nucleosides 8 into 9 is also consistent oxime; a crystalline compound identified as the methyl
with the 1-d-D-nbofuranosyl structures assigned to ester of i . methyl-2-pyrimidinone-4-carboxylic acid (16)
nuc eosides 2 —*■ 8 and suggests that the cyano deriva- was obtained. Structure 16 was assigned on the basis
tives 8 may serve as versatile intermediates for the 0f nmr and jr spectra and elemental analysis. In order
introduction of other functional groups into the 4 posi- confirm its structure, compound 16 was also prepared 
tion, thus leading to new nucleoside analogs.11 by an unambiguous route from the methyl ester (17) of

Attempts to tntylate selectively the o -hydroxyl 3-methylorotic acid.14 This ester was thiated to 18
function of 3a resulted m the isolation by column ehro- then desulfurized with Raney nickel to 19 and esterified
matography of the expected 5'-tritylate along with a to 16 with diazomethane
ditrityl derivative. Nmr spectroscopy (loss of methyl The ultravioiet characteristics of 16 were similar to 
resonance) revealed that the second trityl function had those exhibited by nucleoside 11 obtained by autoxida- 
affixed to the methyl group thus reflecting the suscepti- tion of 10 thus establishing the structure of the aglycon
bility of this group to electrophilic substitution. This moiety of 11. This product 11 was shown to be acety-
susceptibility is supported by the nmr spectrum of 3 a in lated at position 5' on the basis of its nmr spectrum and 
DMSO-de (methyl resonance at 5 2.28) which shows

(12) T . J .  Batterham, D. J .  Brown, and M. N. Paddon-Row, J .  Chem.
(10) The conversion of 2-chloro-4-cyanopyrimidine to uracil by vigorous Soc., B, 171 (1967).

conditions had been demonstrated.9 (13) When the reaction was performed under nitrogen, the spectral shift
(11) For example, reaction of nucleosides 9 with alcoholic ammonia to 335 m/j did not occur.

affords cytidine and 5-methylcytidine. This reaction probably proceeds by (14) J .  J .  Fox, N. Yung, and I. Wempen, Biochim . Biophys. Acta, 28, 295
direct displacement of the cyano group by the stronger nucleophile, ammonia. (1957), and references therein.
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b y  its  p ositiv e  re a c tio n  to  a  p eriod ate-b en zid in e sp ra y  sh 215 (8490); Xmm 235 (e 550); pK„ =  2 .77 ; [a] 26d + 1 3 2 °  
on  tic . D eesterification  of 11 afforded th e  4 -ca rb o x y lic  ^  jmr 7  9-1riir \ df H"6 ’̂e 6c'91r d ’
acid  nucleoside (12) w hich w as isolated  as th e  cry sta llin e  l  H „
cy clo h exy lam in e  sa lt. A n al. Calcd for Cl0HuN2O6-HCl: C, 43.09; H, 5 .42 ; N,

T h e  e x o cy clic  m eth ylen e of 10 m a y  b e view ed as th e  10.05; Cl, 12.72. Found: C, 43.24; H, 5 .38 ; N , 10.08; Cl,
/3 ca rb o n  of a  p o ten tia l en am in e-im in e sy ste m  12.82.

4,5-Dimethyl-l-(tri-0-benzoyl-/3-D-ribofuranosyl)-2-pyrimi- 
-N = C — C—NHAc N il—C = C — NHAc dinone Hydrochloride (2b ).— Condensation of 6 .7 g (0.042 mol) of
, • i ,. . , . , , , lb hydrochloride17 with 2 ,3 ,5-tri-O-benzoyl-D-ribosyl chloride [pre-

T h e  au to x id a tio n  of th e  (3 ca rb o n  m  such  system s h as pared from 22.7  g (0.045 mol) of l -0 -acetyl-2 ,3 ,5-tri-0 -benzoyl- 
been n o te d 15 16 w ith  ce rta in  indoles. /3-D-ribose] in the presence of 30 g (0.12 mol) of mercuric cyanide

with 1500 ml of nitromethane as solvent was carried out essen­
tially as outlined in the synthesis of la  above. The vield of the 

E x p e rim e n ta l S e ctio n  hydrochloride salt of 2b was 19.3 g (76% ), mp 173-175° eff. A
_ , _  . . , . second crop, 0.8  g (3% ), was obtained from the mother liquor.
General Procedures. Melting points were determined on a 4,5-Dimethyl-l-+n-ribofuranosyl-2-pyrimidmone Hydrochlo-

Thomas-Hoover apparatus (capillary method) and are un- ride (3b).__The blocked nucleoside hydrochloride 2b (18.5 g,
corrected. The nuclear magnetic resonance spectra were de- 0 .0306 moi) was debenzoylated to 3b by a procedure essentially
termmed on a Varian A-60 spectrometer using tetramethylsilane similar to that used in , he syrlthesis of 3a (vide supra). The un-
as internal reference Chemical shifts are reported m parts per blocked nucieoside obtained as a syrup (7.7 g) was converted
million (8) and signals are described as s (singlet), d (doublet), or to the hydrochioride salt. The crude salt was obtained as a
m (complex multiple!). Values given for coupling constants are purple precipitate which was triturated repeatedly with
firf t ? " der;AfTh,11\layer chromatography was performed on silica ether until solidification occurred, affording an amorphous
gel GF2M (M erck); spots were detected by uv absorbance or by reddish purpieproduct,4 .0 g (45% ), mp 152-155° dec. Afurther
spraying with 20% v /v  sulfuric acid-ethanol and heating. 2AB  of a lower melting product was obtained from the mother
Column chromatography was performed« on silica gel G under liquor. The first crop was reCrystallized from a minimum amount
positive pressure. Microanalyses were performed by Galbraith of t o t  ethanol. Crystallization of product was slow, affording
Laboratories Inc Knoxville Tenn and by Spang Micro- 3 2 of le violet piatelets: mp 157-158° dec; uv X™ HCI
analytical Laboratory, Ann Arbor Mich. The uv spectra of 322 m/i (e 9680). Xnin 265 mM (e 2260); X^ 12 307 mM
reactions monitored by changes in their absorbance were recorded (e 6260); Xmin 242 mM (« 3980); pKa =  2 .97 ; nmr (DMSO-d6) 8
on a Unicarn SP 800 A spectrophotometer. The reported uv 9-13 (1> Sj H -6 ), 5 .76 (broad s> H - l ') ,  2.59 (3, s, 4-CH 3), 2.13
absorption spectral data were determined on a Cary Model 15 (3 B 6 . Ch 3); [a]2eD + 9 6 ° (c 0 .3 water).
spectrophotometer; the apparent PK a values were determined A naL  Calcd for C„H 16N 20 5-HC1: 0 ,4 5 .1 3 ;  H , 5 .85 ; N , 
spectrophotometncally and are accurate to ± 0 .0 5  pH unit unless 9 .5 7 . C1> 12 .11 . Found: C, 45.15; H , 5 .81 ; N, 9 .61 ; Cl, 12.05. 
otherwise indicated. All evaporations were carried out tn vacuo. I t  was found unneC3ssary to use the isolated 3b hydrochloride 

4‘^® thyl-l-(hi-0-benz0yl-/3-D-nbofuraii0syl)-2-pyrimidmone for subsequent conversion to the oxime 7b . For this purpose the 
Hydrochloride ( 2 a ) .- A  suspension of 2.44 g (0.0166 mol) of 4- unbiocked crude syrup was utilized directly. 
methyl-2-pyriimdmone hydrochloride and 12.6 g (0.050 mol) of 6-Methyl-4-thio-3-(tri-0-benzoyl-+D-ribofuranosyl)uracil (6 ) . -  
mercuric cyanide in 400 ml of nitromethane was refluxed and A suspension of i .90  g (0 .0 150 mol) of 6-methyluracil and 5.1 g
100 ml distilled off To the clear refluxing solution was added of mercuric cyanide in 500 ml of nitromethane was heated to
slowly a solution of 2 3 5-tri-O-benzoyl-n-ribosyl chloride [pro- reflux and 100 ml distilled off. To the clear mixture was added
pared from 10 5 g (0.0200 mol) of l-O-acetyl-2 3 5-tri-O-benzoyl- d ise a golution of 2 ,3 ,5-tri-O-benzoyl-n-ribosyl chloride 
+n-nbose]. The red solution was refluxed for 20 mm and cooled (from 0 .02 mol of l-O-acetyl-2,3,5-tri-O-benzoyl-0-n-ribose) in
to room temperature. Any insoluble material was removed by 50 ml of nitromethane. The reaction mixture was heated for
filtration and the filtrate was evaporated. The residual syrup an additional 3 hr. After coohng and filtration from unreacted
was dissolved in 200 ml of chloroform and the solution was c /o n n  \ ® ■1 , ,rpv I . . + j  •i'u non l c nn 6-methyluracil (300 mg), the solution was evaporated to a
filtered. The filtrate was extracted with 200 ml of 30%  aqueous redissolved in 250 ml of chloroform, and filtered again
P°*“ ' ; r enaH Wlthlf °t°  t  org,amc+layer from insoluble mercury salts. The chloroform layer was ex-
Z n t o  „ T t b  T  After filtration the solvent was tracted with 250 mJ of 30%  aqueous potassium iodide and washed
removed and the residue was redissolved m 75 ml of dry benzene. 9 r;n m il 1  „ • i , . ,mi „ „ 1 1  • - i i i , , ,  d , , with 250 ml of water. The organic layer was dried over sodium

M - T  y- i i ° f n pa v !  sulfate and evaporated. The residuewas chromatographed on 500
I  ! t  precipitated gum gave a white o{ silica gel G (benzene-ethyl acetate 3 : 1 ) and 20-ml fractions

d a T  S  i i o n  InH W T b T T b  ^  filtratlon fr0I% the were collected. Fractions containing the only nucleosidic
r  d L 7  m J !r- Jv. p™cer ur!  product were collected and evaporated to give 5 as a brittle foam

t  l S  S  crude hydrochloride The neutralized (6 .0 g> 70%)> I t  was crystamZed from methanol to give 5.1 g1 pnre' ferffst
4-Methyl-l-+D-ribofuranosyl-2-pyrimidinone Hydrochloride (2 m 'H _2 , and’ H 3 ', ^ 7 9  (1 g’ j j  3/ )  7 j ’2_7 79 ’ 7 '82_o '2o

100) ’T T f 6 CtrUdt H0M  obtainedl above was.partitioned1 between ^  m _ benzoate H V ,.’lo'.58 1,’ b r o a d s ’u N H ) ! + / 2. < 1~ H z
ihloriform8' ^  °  The comPound further characterized by debenzoylation and

volume of'th e  sodium bicarbonate solution a ^ f i n a S w i t h  p r f p i t + r - J e S h a l b 6 Th“^ 11116 aCeta-e d«rivativ7 dh3Physical

T n tr a te d ^  ^  ^ h  ^  ^  T i  S ' o f  S n T s T i S  of d t e Jcentrated to a syrup. The residue was dissolved in 125 ml of n i a  , , , ,  „ ,
warm methanol and was treated with 5 ml of alcoholic sodium ^ 3 9 ^  A se io n d  - f n r q  Z  Z Z Z
methoxide (100 mg of sodium) overnight at room temperature. w ? " “ ' “ d ' S) W&S .  & ed T u
The reaction mixture was neutralized by stirring with 2.5 ml of T  J  7 n  Z miXtUre W&S C° ° led
wet Dowex AG 50 (H+) resin and was then evaporated to 50 ml, f i V T “ S S t i f f s  remove some un­
diluted with 15 ml of ether, and dry hydrogen chloride was rea°ted P2\  7  d!trate 7 “  evaporated to a gum and heated 
bubbled through the cold stirred solution. The crystalline ™ P\  T  7  of water while stirring for 10 min
precipitate was collected and a second crop was obtained from Ja7 raf pd^ I n d i ^ h ^ l T “  betW?“  chlorofo™  and
the mother liquor by further cooling and dilution with ether to d ^  bicarbonate and the organic layer was washed
give a total of 2.3 g of 3a. Recrystallization from methanol gave and Z  Z Z  a l  The chloroform solu-
an analytically pure sample: mp 164° dec; uv X“ / H0' 309 t i o y  as evaporated and the residue was triturated with ethanol
mu (t 9850V X ■ 250 m„ U S5fiV \»H7-«  907 „  / Ronn  ̂ to aiTord a yellow crystalline mass. One reerystallization from

M U 985U)’ Xmin 250 mM (c 850)’ 297 630° ) ’ 100 ml of ethanol afforded 2.69 g (72% ) of 6 as yellow plates,

(15) A. H. Jackson and P. Smith, J .  Chem. Soc., C, 1667 (1968); Y . (17) S. Sugasawa, S. Yamada, and M. Narahashi, J .  Pharm . Soc. J a p .,
Kanaoka, K. Miyashita, and O. Yonemitau, Tetrahedron, 28, 2757 (1969). 71, 1345 (1951); Chem. Abstr., 46, 8034d (1952). A. Albert and F . Reich,

(16) B . J .  Hunt and W. Rigby, Chem. Ind. (London), 1868 (1967). J .  Chem. Soc., 1370 (I960).
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mp 174-178°. A second recrystallization from methanol gave 3b in 50 ml of 50%  acetic acid was stirred and chilled to 0 ° .
an analytical sample: mp 181-183°; nmr (CDC13) 5 2.10 (3, s, Sodium nitrite (2.4 g, 0.035 mol) was added in one portion.
CH3), 4 .50-5 .00  (3, m, H -4' an dH -5'), 5 .95-6 .37  (2, m, H -2' and Precipitation started immediately and the reaction mixture be-
H-3')> 6.47 (1, s, H -5), 7 .12 -7 .65 , 7 .75 -8 .14  (16, m, benzoate came thick. A second 50-ml portion of 50%  acetic acid was added
H ’s and H -l ') ,  10.25 (1, broad s, 1-N H ). and stirring of the suspension was continued for 10 min. The

A n al. Calcd for C3iH26N20gS: C, 63.47; H, 4 .47 ; H , 4 .77 ; precipitate was filtered and washed with ice water. The damp
S, 5.46. Found: C , 63.75; H, 4 .39 ; N , 4 .80 ; S, 5 .59 . solid was triturated with a cold methanol-ether solution, and the

Reduction of 6 to 2a.— A solution of 1.17 g of 6 (0.0020 mol) in cream-colored solid was filtered and dried, 5 .47 g (59% ), mp
100 ml of ethanol was refluxed and treated with 4 g of activated 149-153° eff. A second crop, 1.0 g (11% ), was obtained from
Raney nickel.8 After 15 min another 2 g of Raney nickel was the wash liquor. A small sample was recrystallized from metha-
added and the reaction was stopped after 5 min. Thin layer nol (charcoal) and afforded a white crystalline product: mp
chromatography (benzene-ethyl acetate 1 :1 )  shows unreacted 150-151° dec; uv XL»HC! 222 m/x (e6770),277 (7760),364 (14,160); 
material (Ri 0 .66) and two major products (Ri 0.16 and 0 .30). Xmm 243 m/x (« 3090), 315 (2680); X* a*4~7 224 m/x (e 11,270), 258
After filtration through Celite the solution was evaporated to (9200), 346 (6260); Xmin 240 m// (e 7240), 300 (2360); X̂ “,12 sh
dryness and chromatographed on a column of 100 g of silica gel 315 m/x U 13,620), 342 (16,450); Xmi„ 218 m/x U 12,320), 255
G (benzene-ethyl acetate 1 : 1). The slow moving component (1280); pK H =  1.87, pA% =  9 .08 ; nmr (DMSO-d6) 8 8.40
was collected and the eluent was evaporated to a syrup. I t  had (1 , s, H -6 ), 7.90 (1, s, 4-CH ), 5.77 (1 , d, H -l ') ,  2.20 (3, s, CH3),
the same mobility as 4-methyl-l-(tri-0-benzoyl-/3-D-ribofurano- J v ,v  =  1.8 Hz. The presence of 1 mol of H 20  supports the
syl)-2-pyrimidinone in two solvent systems [benzene-ethyl analytical data.
acetate (1 :1 )  and chloroform-methanol (2 0 :1 ); Ri 0.16 and 0.63, A n al. Calcd for C ,iH i5N30 6-H20 :  C, 43.56; H , 5 .65 ; N, 
respectively] and formed a crystalline picrate with the same 13.85. Found: C, 43.50; H, 5 .67 ; N , 13.73. 
melting point and mixture melting point (162-164°) as 2a. Ir 5-Methyl-2-oxo-l-(tri-0-acetyl-/3-D-ribofuranosyl)-4-pyrimidme- 
spectra (K Br) were identical. carbonitrile (8b).—A solution of 1.0 g (0.0033 mol) of 7b in 10

2-Oxo-l-/3-D-ribofuranosyl-4-pyrimidinecarboxaldehyde Oxime ml of acetic anhydride was refluxed for 30 min. Tic (ethyl
(7a).— To a solution of 1.87 g (0.0077 mol) of 3a (as the free acetate-benzene 2 :1 )  now showed the absence of starting ma-
base) in 8 ml of 50%  acetic acid cooled at 0° was added with rapid terial. The light brown solution was poured into ice water and
stirring 0.69 g (0.010 mol) of sodium nitrite. A pale yellow crys- stirred for 30 min. The product was extracted into methylene
talline solid precipitated after ca . 10 min. The mixture was chloride which was washed with cold saturated sodium bicarbon-
stirred for 30 min and the product was filtered, washed with ate solution, then with water, and dried over sodium sulfate,
ice water, and dried at room temperature. The crude oxime The solvent was evaporated and the syrupy residue was re­
weighed 1.32 g (63% ). Recrystallization of a 1.0 g sample from concentrated several times with portions of toluene to remove
110 ml of anhydrous methanol afforded 0.91 g of white prisms: residual acetic acid and finally with methanol to afford crude 8b
mp 223-224° dec; nmr (DMSO-cfs) 8 3 .53 -4 .18  (5, m, H -2 ',  as a yellow syrup which was not further purified: uv XSS
H -3', H -4 ', and H -5 '), 5.78 (1, d, H -l') , 6.77 (1, d, H -5), 7.80 252.5 and 353 m/x; X° « 14 267 m/x.
(1, s, H -4), 8.47 (1, d, H-6 ), 5 .5 -7 .7  (broad absorption band, Hydrolysis of 8b to 5-Methyiuridine (9b).— The crude nitrile 
sugar OH’s), J v .v  =  1.7, / 5,6 = 6.8  H z; uv xLf* 1 sh223 m/x 8b was dissolved in methanol containing 1 ml of concentrated
(e 4420), 268 (8440), 348 (3090); Xmin 303 m/x (e 3240); Xi[«5 225 hydrochloric acid and was kept at room temperature overnight,
m/x (e 12,590), 252 (12,180), 330 (6380); Xmm 238 m/x (e 9820), The uv spectrum showed loss of the peak at ~ 3 5 5  m/x and the
293 (2900); X°”,12 219 m/x (e 10,060), 305 (16,910), 333 (18,050); presence of a new peak at 265 m/x. The acid was neutralized with
Xmin 250 m/x (e 1480), 314 (16,370); pAsl =  1.32,pITa2 =  8.65. dilute ammonium hydroxide and the reaction mixture evaporated

A nal. Calcd for CioHi3N 30 6: C, 44.28; H, 4.83; N, 15.49. to a syrup. Tic (butanol-ethanol-water, 4 0 :1 1 :1 9 )  of this
Found: C, 44.16; H , 4 .79 ; N , 15.42. crude material vs. an authentic sample of 9b showed the

2-Oxo-l-(tri-0-acetyl-/3-D-ribofuranosyl)-4-pyrimidinecarboni- same migration. The syrup was dissolved in hot methanol and
trile (8a).— A solution of 1.00 g (0.0037 mol) of 7a in 10 ml of ethyl acetate was added to incipient turbidity. Crystallization
acetic anhydride was heated to reflux for 30 min. The mixture occurred after 4 days in the refrigerator. The precipitate was
was then poured in 100 ml of ice water and stirred for 30 min. filtered and washed with cold methanol and ether. The cream-
The product was extracted with 100 ml of chloroform and the colored solid, 312 mg (37% ), gave an undepressed mixture melt-
organic layer was washed with aqueous sodium bicarbonate and ing point with an authentic sample of 9b and also an identical
water. The solution was dried over sodium sulfate and evapo- ir spectrum.
rated to dryness. The residue was dissolved in toluene and the l-(5'-0-Acetyl-d-n-ribofuranosyl)-2-oxo-4-pyrimidinecarbcxylic
solution evaporated again to remove residual acetic acid. The Acid, Methyl Ester (11).— A solution of 0.540 g (0.0020 mol) of
resulting gum was then chromatographed on 120 g of silica gel G 7a in 100 ml of 0.02  N  HC1 was hydrogenated at atmospheric
(benzene-ethyl acetate, 1 :1 )  and the fractions containing the pressure over 40 mg of 10%  P d-C , and the reaction was stopped
major product were evaporated to afford 1.26 g (96% ) of 8a as a after theoretical uptake (0.004 mol). The solution was im-
chromatographically homogeneous syrup: nmr (CDC13) 2 .0 5 - mediately treated with 10 ml of acetic anhydride for 45 min and
2.10 (9, m, acetate H ’s), 4 .1 9 -4 .64  (3, m, H -4', H -5 '), 5 .02 -5 .58  then filtered with Celite. The filtrate was then left at 0° over-
(2, m, H -2 ', H -3 '), 5.95 (1, d, H -l ') ,  6.74 (1, d, H -5), 8.33 (1, night. The uv spectrum of the solution exhibited maxima at 303 
d, H -6 ), J v .v  =  2 .6 , ./.5,6 =  6.8  H z; xi?a° sh 248 and 343 m/x- m/x (pH 7.0) and at 315 m/x (pH 1 .0). The solution was treated
The product fails to give the characteristic nitrile absorption with 2 ml of 1 N  NaOH and evaporated to dryness. The residue
band at 2250 cm -1 . This is not without precedent18 and is was redissolved in 50 ml of methanol and 5 ml of acetic anhydride,
probably due to the strong electron-withdrawing effect of the and the solution was stirred vigorously in an open flask at room
two ring nitrogen atoms. temperature overnight. The final uv spectrum of the solution

Hyrolysis of 8a to Uridine.— The product obtained from the had maxima at 333 m/x (pH 7 .0 ), 315 (pH 12.0), and 328 (pH 1.0)
acetic anhydride dehydration of 1.00 g (0.0037 mol) of 7a was corresponding to the ethyl ester, carboxylate anion, and free
dissolved in 4 ml of methanol and treated with 0 .4  ml of 12 N  carboxylic acid, respectively. The solution was evaporated and
HC1. Hydrogen cyanide was detected immediately. After the residue was chromatographed on 70 g of silica gel G (metha-
standing overnight at room temperature, the solution had an nol-chloroform, 1 :5 ) . The major fractions were collected and
ultraviolet spectrum identical with that of uridine. Examination evaporated to a syrup. The amount of 11 recovered was ~ 2 5 5
of a thin layer chromatogram of the mixture (1-butanol saturated mg (calculated spectrophotometrically): nmr (D20 )  S 1.97 (3,
with water) indicated the presence of only one product with the s, CH3C O -), 3.97 (3, s, COOCH3), 3 .62 -4 .10  and 4 .10 -4 .40  (5,
same mobility as uridine (R i 0 .35 ). After evaporation of the m, H -2', H -3', H -4', and H -5 '), 5.84 (1, d, H -l ') ,  7.15 (1, d, H -5),
solution to dryness, the residue was azeotroped with toluene and 8.68  (1, d, H -6 ), J v .v  ~  1, Je.e  =  6.8  Hz.
after trituration with ethanol afforded a crystalline product. 2-Oxo-l-/3-D-ribofuranosyl-4-pyrimidinecarboxylic Acid (12).—
Two recrystallizations from ethanol-water (2 0 :1 ) gave uridine From a methanolic stock solution, 85 mg of 11 was dissolved in
(0.30 g, 33% ) identical in all respects with an authentic sample. 2 ml of 0.5 N  NaOH and left 3 hr at room temperature. The

5-Methyl-2-oxo-l-/3-D-ribofuranosyl-4-pyrimidinecarboxalde- mixture was then passed through 4.5 ml (wet volume) of Dowex
hyde Oxime (7b).— A solution of 7.7 g (^ 0 .0 3  mol) crude syrupy AG 50 (H +) and eluted with distilled water. The uv absorbing
____________  fractions were collected and evaporated to a syrup. A solution

(18) P. Sens! and G. G. Gallo, Gazz. Chim. Ital., 86, 224 (1955); Chem. of the residue in 1 ml of methanol was treated with 6 drops of
Abate., 60, 3 0 8 6 a (1956). freshly distilled cyclohexylamme. The solvent was slowly
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evaporated at room temperature, and the salt crystallized to nol gave the analytical sample: nmr (DMSO-d6) 4 3.15 (3, s,
give, after thorough washing with ethanol and drying (78°, 6 hr, NCH3), 3.88 (3, s, COOCH3), 6.17 (1, d, H -5), 11.4 (1, broad
high vacuum), 47 mg of a pure cyclohexylamine salt as a stable s, N H ), / nh- 5' ~  2 Hz. The signal for H-5 collapses to a
adduct, mp 160-163° eff, containing a second mole of cyclohexyl- singlet with the addition of D20 .
amine: nmr (methanol-d4) 0 .80-2 .20  (20, m, cyclohexylamine A n al. Calcd for C7H8N20 4: C, 45.65; H, 4 .38 ; N , 15.21. 
C-H ), 3 .61-4 .26  (5, m, H -2 ',H -3 ',H -4 ', H -5', and OH), 5.91 (1, d, Found: C, 45.41; H, 4 .41; N, 15.02.
H -l ') ,  6.92 (1 , d ,H -5), 8.73 (1, d, H-6 ), J v .v  ~  1, J s,6 =  7.0 Hz. To a solution of 3.68 g (0.020 mol) of 17 in 120 ml of dioxane 
The adduct was hygroscopic and analyzed best for a hydrate: was added 5.55 g (0.C25 mol) of P 2S5; the mixture was refluxed
uv 213 m/Lt (e 14,080), sh 250 (1690), 330 (8600); Amin 272 for 1.5 hr. Another charge of 5.55 g of the reagent was added
m/x (e 1170); A“»/"12 213 m ( e  13,090), 315 (6730); Amin 260 and heating was resumed for 30 min. The mixture was filtered
m/x (e 1380); pKa ~  2 .5 .19 after cooling to room temperature and the filtrate was evaporated

A n al. Calcd for CioH i2N20 7-2C6H i3N -V 2H20 : C, 53.10; to a small volume (ca. 20 ml). Methanol (100 ml) was added to
H, 8.30; N , 11.26. Found: C, 53.02; H , 7 .87 ; N , 11.39. the concentrated dioxane solution and the mixture was heated

l-Methyl-2-oxo-4-pyrimidinecarboxaldehyde Oxime (14).— A on the steam bath until homogeneous. The solution was chilled
solution of 1.07 g (0.0086 mol) of l,4-dimethyl-2-pyrimidinone and the crude crystalline methyl ester of 3-methyl-4-thioorotic
(13)20 in 30 ml of 50%  aqueous acetic acid was treated at 0° with acid (4.0 g) was filtered and washed with cold methanol. The
0.89 g (0.013 mol) of sodium nitrite with rapid stirring. After product was recrystallized from 600 ml of boiling methanol and
30 min the crystalline product was filtered and a second crop was afforded 2.7 g of 18 as a yellow crystalline solid: mp 234-235°;
obtained by further evaporation and cooling of the filtrate. The nmr (DMSO-d6) 3.57 (3, s, NCH3), 3.87 (3, s, COOCHg), 6.83
procedure afforded 0.74 g (56% ) of crude 14 which was recrystal- (1, s, H -5), 11.95 (1, broad s, N H ).
lized from methanol (dec pt 240°) to give an analytical sample: A n al. Calcd for C7H8N20gS: C, 41.99; H, 4 .02 ; N , 13.99;
nmr (DMSO-de), 5 3.45 (3, s, NCH3), 6.83 (1, d, H -5), 7.79 S, 16.01. Found: C, 41.92; H, 4 .06 ; N, 13.82; S, 15.95.
(1, s, H -4), 7.98 (1, d, H-6 ), J 5,6 =  6.5 Hz. A second crop (0.7 g, mp 226-231°) was obtained from the

A n al. Calcd for C6H7N30 2: C , 47 .06 ;. H, 4 .61 ; N , 27.44. mother liquor (85%  yield).
Found: 0 ,4 6 .9 8 ;  H , 4 .54 ; N , 27.36. A solution of 1.0 g (0.010 mol) of 18 in 75 ml of a 10%  solution

l-Methyl-2-oxo-4-pyrimidinecarboxylic Acid Methyl Ester (16). of ammonium hydroxide was heated to reflux with vigorous
A. From 14.—A solution of 1.22 g of 14 (0.008 mol) in 150 ml stirring in the presence of 2.5 g of activated Raney nickel,
of 0.053 N  HC1 was hydrogenated at atmospheric pressure over After 25 hr the reaction was cooled to room temperature and
40 mg of 10%  P d-C  and the reaction was stopped after the theo- filtered through Celite. The solid was washed several times with
retical uptake. The solution was filtered through Celite and small portions of boiling water, and the filtrate and washings
treated with 25 ml of acetic anhydride. After stirring at room were evaporated to a small volume. The solution was put on 60
temperature for 40 min another 25 ml of acetic anhydride was ml ( wet volume) of Dowex AG-50 (H +) and the product collected
added and the mixture was left overnight at 0 ° . The ultraviolet by elution with distilled water. The fractions containing ultra­
absorption spectrum showed a maximum at 300 mjx (pH 7.0) with violet absorbing material were evaporated to dryness to afford
a shift to 310 mp in acid (pH 1 .0). The solution was evaporated 0.30 g of crystalline !-methyl-2-oxo-4-pyrimidinecarboxylic acid
to dryness, dissolved in 100 ml of methanol, and neutralized (19). A small sample was recrystallized from water to give the
with Amberlite IR-45 (OH- ). The filtrate was then treated with pure product which decomposes at 209-210° eff: nmr (DMSO-d8)
20 ml of acetic anhydride and stirred at room temperature for 3.49 (3, s, NCH3), 5.12 (COOH), 6.79 (1, d, H -5), 8.39 (1, d,
48 hr with ready access to the atmosphere. The ultraviolet H -6 ), J h,8 =  6 .4  H z; uv A"",1 328 m/r (e 6950); Amin 272 m/» (c
maximum had then shifted to 335 m̂ i (pH 7 .0 ). Thin layer 530); 312 m/i (e 5035); Amin 257 m/r (e 845); pK *  ~
chromatography (chloroform-methanol, 10 : 1) indicated the 2.80.19
presence of one ultraviolet absorbing product (R f 0 .46). The A suspension of 260 mg (0.0016 mol) of crude 19 in 100 ml of 
residue after evaporation to dryness was chromatographed on 150 methanol was treated with an ethereal solution of diazomethane
gof silica gel G (chloroform-methanol, 1 0 :1 ). The major product (from 7.5 g of N-nitrosomethylurea) and stirred at 0° for 20 min.
crystallized on evaporation of the major fractions and was re- The excess of diazomethane was decomposed with acetic acid
crystallized from hot ethanol to yield 200 mg of 16: mp 241- and the solution was filtered from unreacted acid. After neu-
245° eff; nmr (DMSO-dg) 3.51 (3, s, NCH3), 3,89 (3, s, COOCH3), tralization of the solution with Amberlite IR-45 (OH- ), it was
6.77 (1 , d, H -5), 8.27 (1 , d, H-6 ), J s ,6 =  6 .0  Hz; uv A„ x7 332 filtered from the resin and evaporated to dryness to yield 190

(e 5090), sh 217 (780). mg of 16 in crystalline form. Recrystallization from hot ethanol
A n al. Calcd for C7HsN20 3: C, 50.00; H, 4 .80 ; N, 16.66. gave pure product (mp 241-245°) identical in all respects with 

Found: C ,5 0 .4 2 ; H , 4 .75 ; N, 16.74. 16 as obtained by method A.
B . From 3-Methylorotic Acid Methyl Ester (17).'—To a so­

lution of 3-methylorotic acid14 (9.3 g, 0.048 mol) in 35 ml of Registry No.—2 a  h yd roch lorid e, 2 4 7 4 4 -1 3 -6 ; 2b 
concentrated H2S 0 4 was added very slowly 65 ml of methanol. h yd roch lorid e, 2 4 7 4 4 -1 4 -7 ; 3 a  h yd roch lorid e, 2 4 7 4 4 -
The hot solution was left fo r i  hr and was diluted with 100 ml of i 5 . 8 ;  3b  h yd roch lorid e, 2 4 7 4 4 -1 6 -9 ; S, 2 4 7 4 4 -1 7 -0 -
methanol. Ihe mixture was chilled and the white crystalline *  oavaa t o  i ^ ^  an c '
precipitate was filtered and washed with a cold methanol-ether 6 , 2 4 7 4 4 -1 8 -1 , . a ,  2 4 7 4 4 -1 9 -2 , 7b , 2 4 7 4 4 -2 0 -5 ; 8 a ,  
mixture and then with ether. The crude product (17, 6.5 g, 2 4 7 4 4 -2 1 -6 ; 8b, 2 4 i 4 4 -2 2 -7 ; 11, 2 4 7 4 4 -2 3 -8 ; 12 ,
mp 203-210°) was used directly for the subsequent step. Re- 2 4 7 4 4 -2 4 -9 ; 14, 2 4 7 6 6 -5 3 -8 ; 16, 2 4 7 6 6 -5 4 -9 ; 17 ,
crystallization of a small amount of the crude product from metha- 2 4 7 6 6 -5 5 -0 ; 1 8 ,2 4 7 6 6 -5 6 -1 ;  19, 2 4 8 0 6 -5 3 -9 .

(19) This "apparent” pXa value is an approximation due to the overlap Acknowledgment.— T h e  a u th o rs  are  gratefu l to  Dr.
of the dissociation from pH 1-7 with a second “dissociation” in the extremely TV,r ' D T T ' j . ' i r  K i r i v  • i j t\ /r n /r
acidic region for which it was not possible to determine a pKa value. -K-OhlCk for helpiul QISCUSSIOIIS Elld to  M-F. JVT&rvin

(20) d. j. Brown and r . v. Foster, Aust. j .  Chem., 19, 2321 (1966). O lsen fo r record in g  th e  n m r sp e ctra .
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The Addition of Diazomethane to  
l^-O -Isopropylidene-S-O -Trityl-a-D -eryt/iro-pentos-S-ulose1
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The reaction of l,2-0-isopropylidene-5-0-trityl-<*-D-en/i/iro-pentos-3-ulose (lc ) with excess diazomethane in 
methanol-ether affords a multicomponent mixture from which a tricyclic derivative and two epoxides, in addition 
to methyl trityl ether, were isolated on preparative tic and identified. The structures of the epoxides were 
established from the corresponding products of reduction (LiAlH4), l,2-0-isopropylidene-3-C-methyl-5-0- 
trityl-a-D-xylofuranose (3c) and 4,5-dideoxy-l,2-0-isopropylidene-3-C-methyl-5-0-trityl-a-D-heptoseptanose
(10). The presence of a seven-membered ring in 10 indicates that the homologation of lc  first to a pyranos-3- 
ulose (4c) and then to a septanos-3-ulose (8) competes successfully with oxetane ring formation. The structure
3,5-anhydro-3-C'-hydroxymethyl-l,2-0-isopropylidene-a-D-ribofuranose (14a), which was deduced from nmr 
spectral data, was assigned to the tricyclic derivative. I t  is proposed that 14a arises from a cyclic oxonium 
ion (13), formed in turn by trityloxy-group participation in the expulsion of nitrogen from the initial addition 
intermediate (12) or as a two-step process involving prior loss of nitrogen. Attack of methanol on 13 provides 
14a and methyl trityl ether in about equal (35% ) yield.

Overend and coworkers8 obtained a mixture of two oxetane derivatives on treatm ent with diazomethane.6’6
epoxides in 85%  yield from the interaction of diazo- Moreover, the “nho-epoxide” is the preponderant iso­
methane and 5-0-benzoyl-l,2-0-isopropylidene-a-D- mer in both cases.
en/f/iro-pentos-3-ulose (la) in methanol-ether (Scheme The present investigation was undertaken to examine 
I). The major component (5a), a product of prior more closely the apparent stereoselectivity of the reac­

tion of 1 and diazomethane which leads (after reduction) 
Scheme I to me^ y l  branched chain sugars of a configuration op­

posite to those obtainable from corresponding reactions 
with methylmagnesium halides.7’8 In the current 

off—r? study, l,2-0-isopropylidene-5-0-trityl-a-D-en/f/iro-pen-
X , 5 j  ch3 ' tos-3-ulose (lc)9 was used rather than la to avoid the

R0’V ^ °\  loss of the blocking group a t C-5 in the reduction step
v oicHs RO-i_ R0“1_ R°T_ o and thereby to facilitate the isolation of products.

I v ch3 1 U ( °\ -----> S ------ . (oh \ The reaction mixture obtained following addition
\ o oI ch, °4 i>Lcn3 of excess diazomethane to lc in methanol-ether showed

\ L ch, J 5 <U g ch3 four spots1.011 on tic (silica gel, ether-petroleum ether)
* 5 * with R [  values of = 0  (A), 0.17 (B), 0.28 (C), and 0.61

(D). A  separation of the four components was ef- 
g g  t """ ' i'1"5'0 fected by preparative tic (plc10b) using the same system.

” »-«w Substance D, obtained in 36% yield, was readily iden-
«"+»■  tified as methyl trityl ether on the basis of spectral

7 (ir and nmr) evidence together with mixture melting
point.

ring expansion of la, on treatm ent with excess lithium Of the remaining components, only B and C gave a 
aluminum hydride in tetrahydrofuran, yielded a solid positive Ross test11 for an epoxide. Moreover, the
to which the structure 4-deoxy-l,2-0-isopropylidene- nmr spectrum of C, which was isolated as a foam (11%
S-C'-methyl-a-D-xy/o-hexopyranose (6b) was assigned. yield), showed a well-resolved AB system at high field
The minor epoxide (2a) (20%  yield), which incidentally consistent with an exocyclic methylene epoxide.12
was obtained in 70%  yield when the addition of diazo- Reduction of C with lithium aluminum hydnde gave a
methane to la was carried out in ether alone, gave 1,2- Product which, on the basis of the evidence outlined
O-isopropylidene-3-C-methyl-a-D-xylofuranose (3b) on below, was assigned the structure 1,2-O-isopropy i-
reduction with lithium aluminum hydride. dene-3-C-methyl-5-0-trityl-«-D-xylofuranose (3c).

T h e  failure to  d etect products of th e  ribo configura- . W alton  and cow orkers7 have shown th a t  th e  reac­
tio n 4 is perhaps som ew hat surprising in view  of the tlon (d l a  wl<jl m ethylm agnesium  iodide is essen la y 
fa c t th a t  the m ethyl 3,4-0-isopropylidene-/3-(D and l )- stereospecific affording the 3-C -m ethyl-a-D -nbofuranose
en/f/iro-pentosulopyranosides both give the isomeric (5) W. G. Overend and N. R . Williams, J .  Chem. Soc., 3446 (1965).

(6) R. J .  Ferrier, W. G. Overend, G. A. Rafferty, and N. R . Williams,
(1) This investigation was supported in part by U. S. Public Health ibid., 1091 (1968).

Service Research Grant No. CA-02624 and FR-05529 from the National (7) R . F . Nutt, M. J . Dickinson, F . W. Holly, and E . Walton, J .  Org.
Cancer Institute and in part by an institutional grant to the Detroit In - Chem,., 33, 1789 (1968).
stitute of Cancer Research Division of the Michigan Cancer Foundation (8) R . D. King, W. G. Overend, J .  Wells, and N. R . Williams, Chem.
from the United Foundation of Greater Detroit. Commun., 726 (1967)

(2) (a) To whom all inquiries should be addressed at the Michigan (9) W. Sowa, Can. J . Chem., 46, 1586 (1968).
Cancer Foundation, 4811 John R . Street, Detroit, Mich. 48201. (b) Mich- (10) (a) The same reaction in ether alone gave rise to a multicomponent
igan Cancer Foundation Research Fellow. system, as judged by glpc, and was not further investigated, (b) Prepara-

(3) S. Nahar, W. G. Overend, and N. R . Williams, Chem. Ind. (London), tive layer chromatography.
2114 (1967). ( I I )  W. C. J .  Ross, J .  Chem. Soc., 2257 (1950).

(4) I t  is conceivable that the direct precursor of the hexopyranos-3-ulose (12) L. J .  T . Andrews, J .  M . Coxon, and M. P. Hartshorn, J .  Org. Chem.,
(4a) is an intermediate of the ribo configuration. 34, 1126 (1969).
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4.0 t j!o t f u M  6o ^ C'-metliyl-o-O-trityl-a-D-heptoseptanose (10) as the
• ' I ' ' ■ I • ■ ■ ■ ■ 1 • • ■ ■ product of reduction of B.

j® 3» 2oa The location of the site of branching at C3, ascer­
tained initially for 6c, is consistent as well with 10. 
Thus, the nmr (CDC13) of the reaction product showed 

•utmtdi-tfg ( in te r  a l i a )  doublets at r  4.5 and 5.9 (J  =  5.0 Hz) which
were assigned to the bridgehead protons of Ci and C2, 

h, oh Hg h4 respectively. These data then locate the site of branch­
es.« e3.75 4=1.75 ing at C3 but the exact configuration remains in ques-
*?4so *!’«■ iw  'is.™ tion. A strong absorption at 3570 cm - 1  for the hy-

y ljlljl | droxyl group was seen in the ir spectrum (carbon tetra­
chloride, c 0.005 M )  of 10 which suggests13 possible 
hydrogen bonding with neighboring oxygen and there- 

1 fore a r ib o  configuration at C-3. However, the present

L ' data on related structures are simply too limited to
I extend the method of Ferrier13 for the assignment of

I configuration at the site of branching to 10.
[' |l Additional evidence for the presence of a seven-mem-

|| V y  bered ring in 1 0  was derived from alkaline methanolysis
W vW  i which afforded, though once more in low yield, a crys­

talline product with properties in accord with a 3-C-
i ------■ | i ............... | ............... i | ■ ■ ■ •' ■ methoxymethyl-a-D-heptoseptanose (11). Again, the
' 6-° 5-o 4.o configuration at C-3 in 1 1  as well as the precursory

Figure 1.— A 60-M H z partial spectrum of substance A (14a) in oxetane 9 must remain unassigned.
methyl sulfoxide-ds. In d ire c t su p p o rt for s tru ctu re s  9-11 is d erived  from

the findings of Overend and coworkers14 who obtained 
derivative, 7a. Similarly, we observed that the action a branched-chain methyl a-D-heptoseptanoside deriv-
of the same Grignard reagent on 1c produced a single ative on reduction of one of two epoxides isolated fol-
3-(7-methyl derivative (7c) in high yield but with prop- lowing the addition of diazomethane to methyl 4 ,6 -0 -
erties different from those of the reduction product benzylidene-2-deoxy-a-D-en/i/iro-hexopyranosid-3-ulose.
(3c). The second epoxide, after treatm ent with lithium alu-

Debenzoylation of 7a with sodium methoxide and minum hydride, yielded methyl 4,6-0-benzylidene-2- 
tritylation of the resulting intermediate, 7b, gave a deoxy-3-C'-methyl-a-D-ara6mo-hexopyranoside. 
product identical in every respect with 7c. Accord- While no epoxide derivative of the pyranos-3-ulose, 
ingly, the reduction product (3c) and the precursory 4c, was isolated in the present work, glpc (Chromosorb
oxetane (2c, substance C) are both of the x y lo  con- W) indicated, contrary to tic, that B  was in fact a mix-
figuration. ture of two minor components along with the prin-

Reduction (LiAlH4) of the slower moving epoxide B, cipal spirooxetane 9. This would explain, in part, the
which appeared to be the major product, gave a crys- relatively low yield of reduction and hydrolysis prod-
talline solid though in relatively low yield to which the ucts 10 and 1 1 , respectively.
structure 4-deoxy-3-0-m ethyl-l,2-0-isopropylidene-5- The absence of an exocyclic methylene epoxide resi-
O-trityl-a-D-hexopyranose (6c) was tentatively assigned due in the slowest moving component A was confirmed
on the basis of elemental analysis and a nmr spectrum. by nmr and ir spectra which revealed, in addition, the
However, a molecular ion peak of 474 in the mass spec- loss of the original trityl group. The latter observa-
trum  precludes 6c (mol wt 460) as a plausible structure. tion, together with the isolation of methyl trityl ether,
Moreover, an unambiguous (nmr) proton count of 34 suggested the possibility of a prior detritylation of
exceeds by two the number required by 6c. These either lc , or the direct precursor of A, induced by diazo­
findings indicate a further homologation of the initial methane. However, 5-0-trityl-l,2-0-isopropylidene-a-
product of ring expansion, 4c, to a septanos-3-ulose D-xylofuranose was recovered unchanged after treat-
(8, Scheme II) prior to oxetane formation (B, 9c). ment with diazomethane in methanol.

Substance A, a crystalline solid of the composition 
Scheme II  C 9H 14O6, afforded a monoacetate on treatm ent with ace-

~Tro—j I Tro-, tro— tic anhydride in pyridine at room temperature but
4  c --> \ jagi > r~ '\  attem pts to tritylate the hydroxyl group under the usual

4  < r - 4  J v T ?  conditions were unsuccessful. The alcohol proton in A
L 8  CHs J § ¿«j |0 ch, appears (Figure 1) as a clearly resolved singlet a t r

lCHa0Na 4.7 ppm in methyl sulfoxide-c?6. The absence of spin-
J. spin splitting of the hydroxyl proton together with the

t,0H _ o failure of A to tritylate point to the presence of a
£ )  tertiary hydroxyl group. In fact, the structure of A

cH5°cHGh o-j-cHj was readily deduced by analysis of its nmr spectrum
II CHj which is reproduced without the corresponding inte-

(13) R . J .  Ferrier, W. G. Overend, G. A. Rafferty, H. M. Wall, and N. R .
Accordingly, the initial structural assignment (6c) Williams, Proc. cum . Soc., 133 (1963).
was amended to a 4,5-dideoxy-l,2-0-isopropylidene-3- W' ° Verend' “ d N' R' Wmiams’ ° hem’ C o m -'
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Figure 2.— The 6 D-MHz spectrum of substance A (14a) in CDC13.

gration curve in Figure 2. The three-proton singlets at tion in expulsion of nitrogen or a two-step process in- 
r  8.49 and 8.66 are ascribed to the en d o -  and ezo-methyl volving prior loss of nitrogen. A ttack of methanol on 
groups, respectively, of an O-isopropylidene residue.16 the cyclic oxonium ion (13) provides compound 14 
A pair of doublets that characterize the bridgehead together with methyl trityl ether which, incidentally, 
hydrogen atoms Hi and H 2 of the two cfs-fused five- were isolated in virtually identical (35% ) yields, 
membered rings of a number of 1,2-0-isopropylidene- Investigations by Winstein and coworkers17'18 as 
a-D-zylo-hexofuranose derivatives16 are seen at r  4.10 well as those by Capon19 have established that me- 
and 5.50 ( J  =  3.8 H z), respectively. The one-proton thoxy-group participation in solvolytic displacement re­
triplet a t r  5.62 (J  =  1.8 Hz) and the two-proton dou- actions is substantial where such anchimeric assistance 
blet at t 6.15 ( J  =  1.8 Hz) are assigned to the protons leads to a five- or six-membered ring. Recently, exam- 
at C4 and C6, respectively, which apparently comprise pies of both methoxy19“ 21 and benzyloxy22-23 assisted 
an A X 2 pattern in substance A. solvolysis of a sulfonate have been recorded in the car-

The spectral patterns of H 4 and H 2 preclude the pres- bohydrate literature and, therefore, evidence of tri- 
ence of a proton at C3. In fact, the patterns locate tyloxy participation is not surprising, though it is to 
both the site of the branch as well as the (tertiary) our knowledge the first such case described, 
hydroxyl group at C3 of the furanose derivative. F i- I t  is evident that 12 (see Scheme III) is also the requi- 
nally, the two-proton singlet a t r  6.25, together with site precursor of a “ r ib o -oxetane” (15) derivative of 
the other data, indicate that the branch involves a lc. Moreover, the initial product of ring enlargement 
methylene group which is linked through oxygen to (4c) may, in part, evolve from 12. However, the ex- 
C6 as part of a second, as-fused five-membered ring. tent of cyclization of 12 to 15 remains in question, since 
Accordingly, the structure 3,5-anhydro-3-C'-hydroxy- the corresponding product of reduction, 1,2-O-iso- 
methyl-l,2-0-isopropylidene-a-D-ribofuranose (14a) is propylidene-3- C  - methyl - 5 - 0 -  trityl - a-D-ribofuranose, 
assigned to substance A. The facile acetylation of the (7c), if indeed generated, remained undetected, 
tertiary OH in 14a (to 14b) is in accord with the findings . „ „  , ,  ,
of N utt, et a l . , 7 who effected the benzoylation of 7a (1958)
Under mild conditions. (18) E. Allred and S. Winstein, J .  Amer. Chem, Soc., 89, 3991, 3998,

The formation of 14a requires that the addition of (London), is, 45 (1964).
diazomethane to the furanOS-3-uloSe (lc) occurs at the (20) J .  S. Brimaecmbe and o. A. Ching, Carbohyd. Res., 9, 287 (1969). 
side above the isopropylidene ring. The resulting (21) Examples of methoxy-group participation have been reported in the
. , ,  1 , ,  . . carbohydrate field (see ref 20) but all have involved the migration of aintermediate (12) can lead to 14a v ia  the cyclic oxonium methoxyy group of an acetal ring,
ion (13), formed by either trityloxy-group participa- (22) (a) J .  S. Brimacombe and o. A. Ching, ibid., S, 239 (1967); (b)

J .  Chem. Soc., C, 1642 (1968).
(15) R . D. King and W. G. Overend, Carbohyd. Res., 9 , 423 (1969). (23) (a) G. R . Gray, F . C. Hartman, and R . Barker, J .  Org. Chem., 30,
(16) R . J .  Abraham, L. D. Hall, L. Hough, and K. E . McLaughlan, 2020 (1965); (b) J .  S. Brimacombe and O. A. Ching, Carbohyd. Res., 8,

J .  Chem. Soc., 3699 (1962). 376 (1968).
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Scheme III procedure of N utt, el a h , ’’ was dissolved in 10 ml of ethanol con-
Tre o tainmg 1 mequiv of sodium ethoxide and the solution was re-

--------► -----» 7 c  fluxed for 0.75 hr. The dark reaction mixture was evaporated
H,C43o+o<, to dryness and the residue was dissolved in 10 ml of water. The

15 CH’ solution was carefully neutralized with dilute acetic acid and then
extracted with four 25-ml portions of ether. The combined dried 

Tro-, o o j  extracts were concentrated to ca. 10 ml and the product, 0.105 g
—‘ N—/ó * nL _ /j> * Tr0M‘ (50%  yield), crystallized as a mat of colorless, fine needles:

0 o-j-cH, o- o-(-cH, or o-j-cH, mp 9 2 .5 -9 3 .5 ° ; [a] 2Gd + 2 4 .8 °  (c 0 .5 ); nmr (CDCfi) r  4.18
12 ;H!\  13 ch’ 1 4 ^ ’ (d, 3.7 Hz, H -l ) ,5 .8 8 (d , 1, H -2), 8.40 (s, 3, 3-C -C H 3),

lc' 4c Sír-cĥ o 8.63 (s, 3 , isopropylidene, CH2-endo), 8.84 (s, 3, isopropylidene,
y  CHj-eso).

/  A n al. Caled for C9H160 5: C, 52.93; H, 7 .9 . Found: C,
U Tr0V ^  ------- , 2c 53.C2; H , 7 .89.

y  f?  To a solution of 25 mg (0.12 mmol) of 7b in 0.5 ml of dry pyri-
**c chs 5 dine was added 40 mg (0.14 mmol) of trityl chloride and the

17 mixture, protected from moisture, was held at room temperature
for 1 Week. The reaction mixture was evaporated to dryness and

The isomeric intermediate, 17, which originates from pyridine-free residue crystallized on trituration with water.
, ,  , , 7 7 , . , I  he solid was collected and the air-dried product was recrystal-
the addition of diazomethane to lc  at the side adjacent lized from ether-petroleum ether to give 25 mg (56%  yield) of
to the O-isopropylidene residue and which leads to the crystalline solid, mp and mmp (with 7c) 151-152°. The ir
xylo-oxetane derivative, 2c, could as well account for and nmr spectra of this material and the corresponding spectra
the hexopyranos-3-ulose (4c). The possibility that this of 7c were essentially superimposabie.

• , , i., , , , i ■ ■ • Addition of Diazomethane to l,2-0-Isopropylidene-5-0-trityl-
same intermediate could lead to a  cyclic oxomum ion « .^ ^ .p e n t o s - 3 - u l o s e  ( i c ) . - T o  a solution of 4 g (9.3 mmol)
com p rised  of t r a n s - iu s e a  n ve-m em b ered  rin gs ap p ears  0f j c ¡n a mixture of 50 ml of dry ether and 50 ml of anhydrous
re m o te  from  e x am in atio n  of m o lecu lar m odels. T h e  methanol, cooled to 0 °, was added, all at once, a solution of
u n ce rta in tie s  as  to  origin  of 4 c  to g e th e r w ith  th e  failu re ~ 1 8  mmol of diazomethane in 50 ml of ether. The reaction
to  id en tify  15 p reclu d e an y  firm  con clu sion  a s  to  th e  ™ xture was gradually allowed to attain room temperature and

, , , .  .. , ,  „ , .  , ,  then maintained at ambient temperatures for 2 days.24 The
s te re o se le ctiv ity  a tte n d in g  th e  ad d itio n  of d iazo m eth an e  colcrless solution was. evaporated to a syrup which amounted to
to  lc .  ca . 4  g and which showed four spots on tic [ether-petroleum

ether, 2 :5  (v/v)] with the following R¡ values: ( = 0  A), (0.17 B ), 
Experimental Section (0.28 C), and (0.61 D ). Preparative tic was effected on a total

*  of 20  plates using the same solvent system.
General Procedures.— Evaporations were carried out in  vacuo Methyl Trityl Ether (D).— The bands corresponding to the

at bath temperatures below 45°. Melting points were determined fastest moving spot were eluted with acetone and the combined
on a Thomas-Hoover apparatus (capillary method) and are un- filtered solutions on evaporation left a solid residue which crystal-
corrected. Microanalyses were performed by Micro-Tech lized from methanol: wt 0.890 g (35%  yield), mp and mmp
Laboratories, Inc., Skokie, 111. Thin layer chromatography (with an authentic sample of methyl trityl ether) 82-84° (lit.26
(tic) was performed on silica gel G F (M erck); separated ma- 8 2 .6 -8 2 .9 °). The ir and nmr spectra of D were identical in
terials were detected by spraying with a 6 %  solution of am- every respect with corresponding spectra of methyl trityl ether, 
monium molybdate in 10%  sulfuric acid followed by heating at 3,5-Anhydro-3-C-hydroxymethyl-l,2-0-isopropylidene-a-D-
100°. Preparative tic was carried out on 20 X  20 cm glass ribofuranose (14a).— The band corresponding to the slowest
plates coated with 1-mm layers of the same adsorbent. Optical moving spot A was eluted from each plate with acetone and the
rotations were determined in chloroform with a Perkin-Elmer combined, filtered eluents were evaporated to dryness. The
Model 141 polarimeter. The ir spectra were measured in a residue crystallized from ether-petroleum ether as a colorless
Perkin-Elmer Model 21 spectrophotometer. Nuclear magnetic solid, wt 0.675 g (36%  yield), mp 6 6-69°. An analytical sample,
resonance spectra were obtained using a Varían A-60A spectrom- nip 72-73°, was obtained by sublimation of the recrystallized
eter with TMS as internal reference, and mass spectra using an material at room temperature (5 X  10”2 mm): [ « ]22d  + 5 1 .4 ° ,
A .E .I . MS-902 instrument with a direct inlet system and an M 22365 + 1 8 2 °  (c 0 .5 ) ; nmr (see Figures 1 and 2); mass spectrum
ionizing voltate of 70 eV. Gas chromatography was carried out m/e (M + — CH3) 187.
on a Barber-Colman Series No. 5000 with 6 ft X  Vs in. glass A n al. Caled for C9HI40 5: C, 53.46; H, 6 .93. Found: C,
U tubes packed with Chromosorb W (80-100 mesh) coated with 53.58; H , 6 .93.
1 .2%  SE-30. Operation was isothermal at 225° with nitrogen as To a solution of 0.2  g (1 mmol) of 14a in 6 ml of dry pyridine 
carrier gas and flame ionization detection. Petroleum ether used was added 3 ml of acetic anhydride, and the reaction mixture
in recrystallizations was of a 30-60° range. was stirred at room temperature for 16 hr. The solution was

1.2- 0-Isopropylidene-3-C-methyl-5-0-trityl-a-D-ribofuranose then chilled to —20°, while 10 ml of methanol was added drop wise
(7c).— To a stirred solution of methylmagnesium bromide, pre- with stirring and, after 1 hr at room temperature, the solution
pared from 0.243 g (0.01 g-atom) of magnesium shavings and was evaporated to dryness. The last traces of pyridine were
2.13 g (15 mmol) of methyl iodide in 10 ml of dry ether, and then removed by evaporation from toluene. The residue was taken
cooled to 0°, was added, dropwise, a solution of 1.29 g (10 mmol) up m ether, and the solution was washed first with water and
of lc 9 in 50 ml of dry ether. The addition complex, a heavy white then dried over magnesium sulfate. The filtered solution was
precipitate, was carefully decomposed by addition of water. evaporated to dryness and the residue (14b) was crystallized
The water layer was separated and extracted with three 25-ml from ether-petroleum ether as a colorless solid (0.112 g , 50%
portions of ether. The extracts were combined, washed with 20 yield): mp 122-124°; [a]24n + 7 8 .8 ° , [a] 27365 + 1 5 1 .1 °  ( c l ) ;
ml of saturated sodium chloride solution, and dried over mag- nmr (CDC13) r 4.03 (d, 1 , J U2 =  4 .0  Hz, H -l), 5.09 (d, l ,H -2 ) ,
nesium sulfate. Evaporation of the solvent left a solid residue 5.27 (m, 1, H -4), 7.91 (s, 3, acetate, CHa), 8.49 (s, 3, isopropyli-
(1.29 g) which, on recrystallization from ether, gave 1.15 g dene, CHa-endo), 8.66  (s, 3 , isopropylidene, CTL-ezo).
(86% yield) of a crystalline solid: mp 152-153°; [a]27D —14.7° A nal. Caled for CnHi60 6: C, 54.09; H , 6 .60. Found: C,
(c 1 .0 ); ir rCCU) 3660 cm “1 (OH); nmr (CDCfi) r  3.68 (m, 15, 54.29; H , 6.71.
aromatic), 4.23 (d, 1, J 1>2 = 3.6 Hz, H -l), 5.96 (d, 1, H -2), 6.10 l,2-0-Isopropylidene-3-C-methyl-5-0-trityl-«-D-xylofuranose
(m, 1, H -4), 6.73 (m, 2, H -5), 8.40 (s, 3, 3-CCH3), 8.67 (s, 3, (3c).— Substance C (2c), which was isolated as a foam (0.443 g,
isopropylidene, CH3-mdo), 9.05 (s, 3, isopropylidene, CH3-exo); 11%  yield), showed the following properties: [a]24D —2.4°,
mass spectrum m /e  446 (M +). [«] 243ih —18.7° (c 1); ir (K Br) 1220 cm -1 (epoxy ring, sym

A nal. Caled for C28H 3o0 5: C, 75.31; H , 6 .77 . Found: C, ____________
75.13* H 6.80

r ! r  i - j  •% n  i . . (24) The color of the diazomethane was not completely discharged until1.2- OTsopropyhdene-3-C-methyl-a-D-ribofuranose (7b).—A  nearly 2 days had elapsed.
quantity (0.308 g, 1 mmol) of 7a, prepared according to the (25) J .  F . Norris and A. Cresswell, J .  Amer. Chem. Soc., 55, 4946 (1933).
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stretch); nmr (CDC13) T2.73(m , 15(C 6H5)3C ),4.05 (d, l , J i , 2 =  4 .0  envelope), 8.35 (s, 3, 3-CH3- ) ,  8.63 (s, 6, (CH3)2C -) ; mass
Hz, H -l) , 5.47 (t, H -4), 5.72 (d, 1, H -2), 6 .78, 6.99 (q, 2, J  =  4.0 spectrum m/e  474 (M +), 416 (M+ — (CH3)2CO).
Hz, epoxy, CH2A B ), 8.44 (s, 3 , isopropylidene, CH3-endo), 8.66 Anal. Calcd for C30H34O6 (mol wt 474):'26 C , 75.92; H 7 22
(s, 3, isoproylidene, CH3-exo). A quantity of 2c (0.392 g, 0 .9  Found: C , 75.77; H , 7.16.
mmol) and 0.190 g (5 mmol) of lithium aluminum hydride in 4,5-Dideoxy-l,2-0-isopropylidene-3-C'-methoxymethyl-5-0-tri- 
10 ml of dry ether was refluxed for 10 hr. W ater (co. 1.0 ml) tyl-a-n-heptoseptanose (11).— A solution of 0.309 g of B  in 55
was added dropwise to the reaction mixture, the ether layer ml of methanol containing 6 ml of 10 N  sodium hydroxide was
was drawn off, and the aqueous phase was extracted with four refluxed for 3 hr. The cooled solution was neutralized (phenol-
20-ml portions of ether. The combined extracts were dried over phthalein) with dilute acetic acid and evaporated to dryness,
magnesium sulfate and the filtered solution was evaporated to The residue was dissolved in ether previously equilibrated with
dryness. The foamy residue (0.286 g) was judged to be ca. 90%  water and the ether layer was washed with a dilute solution of
pure on tic (ethyl-acetate petroleum ether, (1 :4 )  out could not sodium bicarbonate, and then dried over magnesium sulfate,
be crystallized from the usual solvents. The material was applied The filtered solution was evaporated to dryness and the residue
to two pic plates and the mixture was resolved with the same was crystallized first from ether-petroleum ether and then from
solvent system. The major fraction (3c, 0.194 g) showed a ethanol to give 0.253 g of the product: mp 145-147°; [a p D
single spot on tic and readily crystallized from petroleum ether - 4 7 .2 ° ,  [a] 23366 - 1 4 8 °  (c 0 .25); ir (CC14) 3550 cm “1 (OH);
as a colorless solid: wt 0.130 g (33%  yield); mp 130-131°; nmr (CDC13) r  2.68 (m, 15, aromatic), 4.46 (d, 1, J j  2 =  5 o
M 23d + 7 0 .4 ° , M 26365 + 2 4 7 .4 °  (c 1); ir (CC14) 3510 cm “1 (OH) Hz, H -l) , 5.70 (d, 1, H -2), 6.60 (s, 3 , CH30 ) ,  6 .68-8 .32  (m, 8,
1380 (geminal CH3); nmr (pyridine d5) t 3.96 (d, 1, J i,2 =  3 .7 , CH2 envelope), 8.38 (s, 3, isopropylidene, CHs-endo), 8.66 (s, 3,
H -l) , 5.60 (d, 1, H -2), 5.67 (m, 1, H -4), 6.32 (m, 2, H -5, H -5 '); isopropylidene, CH3-exo); mass spectrum m/e 504 (M+), 489
mass spectrum m/e 446 (M +). (M ~ — CH3).

Anal. Calcd for C23H3o05: C , 75.31; H , 6 .77. Found: C , Anal. Calcd for C3iH360 6 (mol wt 504):27 C , 73.78; H , 7 .19. 
75.19; H, 6 .83. Found: C , 73.99, H , 6 .90.

4,5-Dideoxy-l,2-0-isopropylidene-3-C-methyl-5-0-trityl-a-D-
heptoseptanose (10).— Substance B , when subjected to glpc at a Registry N o.— Diazomethane, 334-88-3; lc , 20590- 
gas flow rate of 64.5 ml/min, was found to consist of one major 54-9; 2c, 24515-45-5; 3c, 24467-32-1; 7b, 24467-33-2•
and two minor components exhibiting retention times of 33, 27, 7c, 24467-36-5; 10 24467-39-8’ 11 24467-40-1’ 14a
and 23 min, respectively. A solution of 0.675 g of B  in 10 ml of 0 AAR7 .Q7  fi. i A , 9AAR7 '1 9  7  ’ ' ’ ’
dry tetrahydrofuran containing 0.190 g (5 mmol) of lithium ’ ’
aluminum hydride was refluxed for 8 hr. The work-up of the Acknowledgment.— The authors are indebted to Dr
reaction mixture was the same as that described for 3c. The xi i ■ , . . .  . , .
product, Obtained as a foam (0.507 g), was applied to two pic J ri Zemkfikafor his timely advice and criticisms during
plates which were developed in ethyl acetate-petroleum ether th is  W e w ish to  th a n k  M r . N ik o la i C v e tk o v  of
(1 :4 ). The principal band was eluted with acetone and the th is  la b o ra to ry  fo r  a s s is ta n ce  w ith  ir  an d  n m r sp e ctra ,
filtered solution was evaporated to dryness. The residue crystal- W e  a re  also  g ra te fu l to  P ro fe sso r  D o n  C . D e Jo n g h  an d
lized from petroleum ether to give 0.205 g of a colorless solid: M r . D a v id  B r e n t ,  D e p a r tm e n t  o f C h e m is try , W a y n e
mp 129-130 ; [q:]23d — 44.6 , [a]23365 —138.3 (c 1, CHC13); cu ± tt  • *, / , , , , J
ir (K Br) 3420 (OH), 1380 cm “1 (geminal -C H 3); ir (CC14) 3570 S t a t e  U n iv e rs ity , fo r  m a ss  sp e c tra l d a ta .
cm-1 (OH); nmr (CDCls) r  2.62 (m, 15, aromatic), 4.46 (d, 1, (26) Calcd for C^HkOs (mol wt 460): C, 75.62; H, 7.00.J i ,2 =  5.0 Hz, H -l) ,  5.95 (d , 1, H -2), 6 .70-8 .22  (m , 6, CH2 (27) Calcd for CioHs4Ob (mol wt 490): C, 73.44; H, 6.99.

The Synthesis and Birch Reduction of
2-Isoam yl-3-m ethyl-4-m ethoxy-2,3-dihydrobenz© furans and Related Compounds1
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Department of Chemistry, Vanderbilt University, Nashville, Tennessee 87803 
Received October 80, 1989

Conditions have been found by which Birch reduction, followed by hydrolysis of cfs-2-isoamyl-3,4-dimethyl-
2,3-dihydrobenzofuran (la ), gave 75%  of a,/3-unsaturated ketone. Stereospecific catalytic reduction of the 
carbon-carbon unsaturation could ncn be attained. 4-Methoxy-2-isoamyl-3-methyl-2,3-dihydrobenzofuran 
(9b) was prepared in good yield, and was converted into as-2-isoamyl-3-methyl-4-keto-2,3,4,5,6,7-hexahydro- 
benzofuran in good yield. Mass spectral fragmentation patterns for perhydrobenzofurans and related com­
pounds have been determined.

The synthesis and proof of configuration of cis- and paper describes a study of the Birch reduction of the cis
trans-2-isoam yl-3,4 -dim ethyl-2 ,3 -dihydrobenzofurans compounds la  as well as the synthesis and Birch reduc-
( la  and 2a), which were needed for syntheses in the tion of the corresponding 4-methoxy compound lb ; the
fumagillin series, were reported recently.2 The present trans compound 2b was also prepared.

The cis compound la  was prepared by catalytic
r  r reduction of the corresponding 2-isoamyl-3,4-dimethyl-
| I ¥  benzofuran, using platinum and hydrogen in ethanol;

A | f ------1— CH3 A | j -------/ -  -CH3 the product, obtained in 92%  yield, was 98%  pure by
k  /  vpc. Reduction of la  with 16 g-atoms of lithium in

jj \  H \  liquid ammonia, ¿-butyl alcohol, and ether,3 4 followed
la R = CH 2a R = CH by methanol, gave a product which showed no aromatic
, ’ , ’ t, protons in the nmr, and showed a deficit of vinylb, R = OCH3 b, R = OCH3 *  J

(3) A. L. Wilds and N. A. Nelson, J .  Amer. Chem. Soc., 75, 5360 (1953);
(1) Aided by Grant AI-08424 from the National Institutes of Health. H. L. Dryden, Jr ., G. M. Webber, R . R . Burtner, and J .  A. Celia, J .  Org.
(2) E . C. Hayward, D. S. Tarbell, and L. D. Colebrook, J .  Org. Chem., 33, Chem., 26, 3237 (1961).

399 (1968). (4) D. P. Brust and D. S. Tarbell, ibid., 31, 125 (1966).
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protons, indicting some overreduction. This was was a saturated keto alcohol, and three peaks (two
evidently a mixture of the expected tetrahydro com- major and one minor, ratio 3 : 3 : 1 )  were saturated keto
pound 3a (with possible double-bond isomers) and the acetates of structure 6b.
hexahydro6 compound 4a. Hydrolysis of this mixture When the procedure was varied by following the 

R Birch reduction and hydrolysis by Pd-C  catalytic
I H I H reduction, and then by acetylating, the examination by

/ C|j > > .  / f l j  vpc-mass spectrometry showed 17 peaks, of which 4
1" / L JT L ^ \ ' . were perhydrobenzofurans (7a), 2 were saturated keto

alcohols (6a), 3 were saturated keto acetates (6b), 2 
H H were unsaturated keto acetates (5b) or double-bond

3a, R = CH3 4a, R = CH3 isomers, and 2 were probably /3,7-unsaturated keto
b, R =  OCH3 b, R =  0 =  alcohols.

r  r  The procedure using 5 g-atoms of lithium, in which
j | ,  , 1 , * . the acetylation precedes the P d -C  reduction, is ob-

N \  k N —I— %  N \  viously the best one, giving a more homogeneous prod-
A A  OR' OR' uct and only two major stereoisomeric products of the

0  0  keto acetate formula 6b. Repeated attem pts to
5a, R = CH3; R' = H 6a, R=C H 3; R' = H cyclize the keto alcohols 6a to the cyclic ketal with

b, R =  CH3; R' =  Ac b, R =  CH3; R' =  Ac methanol or to the analogous cyclic pvrrolidino

with oxalic acid in aqueous dioxane, followed by chro- a reaction, wbicb S° eS ,highly
matography on alumina, gave a mixture of hexahydro- substituted compounds,- 0r to a eye he hemiketal, were
benzofurans, such as 4a, judging from the nmr spec- a11 “ cess ul. The formation of two dias ereoiso-
trum; there was also obtained a smaller amount of menc bet°  fdcohols ^  '3r acetateff in roughly equal
saturated and «,/3-unsaturated keto alcohols, such as 5a, b{  theSf  Procedurf 8 indicated that control of
and the corresponding saturated keto alcohols 6a. the stereochemistry was not promising m this series.

The Birch reduction using only 5 g-atoms of lithium Tbe 4-methoxy analog lb  was investigated because it 
gave a mixture containing, after hydrolysis with lead to blcycllc products, via a cyanhydrm-
aqueous acid, about 75%  of a,/3-unsaturated ketone; lac~one ro1ute’ for examPH  m which R  and OR in 5a
acetylation, followed by chromatography on alumina, were “  a lactonue nn-  Tbli mlgb glVG f  c,ont™1
yielded 10% of starting material la , and in addition a ?vbrj ¥  stereochemistry of the reduction of the double
mixture containing about three parts of a,/3-unsaturated b° nd thaa could bij af  ievAed S a ° r Sb’ 0 Compound
keto acetate (such as 5b) and one part of saturated keto lb ’ c^-S-JSoamyl-3-methyl 4 m ethoxy-2,3-di ydro-
acetate 6b. The mixture of conjugated and uncon- bfmzofuran, was therefore synthesized by methods
jugated keto acetates was hydrogenated with 30%  Slimlar those def cr1lbed1 for la ' Chlorination of
Pd-C  as catalyst; the product, from its ir spectrum, resorcinol monomethyl ether gave 3-methoxy-4,6-
consisted only of saturated keto acetates. dichlorophenol (8a), which was converted to the keto

The keto alcohol 5a could exist in equilibrium with the ether 8b  ̂ thl8. was ^ cllzed to 2-isoamyl-3-methyl-4-
cyclic hemiketal. Hydrogenation of the double bond of methoxy-5,7-dichlorobenzofuran, 9a, and the chlorine
the hemiketal form should give only one diastereoisomer OCH OCH
of the corresponding 6a cyclic tautomer, the direction of Cl I  R j
hydrogenation being controlled by the cis methyl and 'X [i ll V | | -----¡1— C H 3

isoamyl groups. L J k  L  /

9 Hs w CH, I I N
I p  I 3 c i r

A ------- r "  ^  A J L / 1 ____/  8a, R =  H 9a, R =  C1
o h  X  b’ R=CH 3COCHCH3CH2CH(CH3)2 b, R = H

’ ,l , 5a atoms were removed by catalytic reduction in acetic
| 2 H 2 |Ha acid-sodium acetate with 10% Pd-C  to yield 90%  of
7a ’ the chlorine-free benzofuran 9b, along with 10% of the

6a diastereoisomers correspondiug cfs-2,3-dihydro compound lb . Cata-
Mass spectrometry6 of the peaks from a vpc column lyti.C of the benzofuran 9b with platinum gave

allowed an identification of seven out of nine peaks. mainly h yd rogenous of the methoxyl group with the
Three were stereoisomeric perhydrobenzofurans 7a, one f° ™ atlon ° f perhydrobenzofurans (7b) along with

starting material. I t  was finally found that catalytic 
?  H reduction of 9b with 30%  Pd-C  in absolute alcohol

/  gave a 60%  yield of the cfs-2,3-dihydro compound lb ,
L 1  f A x * 3 along with 30%  of the perhydro compound(s) 7b.

Birch reduction of the cfs-2,3-dihydro-4-methoxy 
H compound lb  gave the tetrahydro product 3b (or

7a, R = CH3 double bond isomer), which, on hydrolysis with oxalic
b, R = H acid and purification by chromatography on alumina,

(5) “Tetrahydro” and “hexahydro” refer to the benzofuran nucleus as a (6) Using the vpc attachment with an L K B  9000 mass spectrometer;
whole; the starting material for the Birch reduction is the dihydrobenzo- spectra measured by M r. C. T . W etter and Mrs. Betty Fox.
furan. (7) L. H. Brannigan, Ph.D. Thesis, Vanderbilt University, 1969.
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2- Isoamyl-3-methyl-4-methoxy-2,3-dihydrobenzofurans J .  O rg. C h em ., V o l. 3 5 , N o . 7 , 1 9 7 0  2341

gave a 79%  yield of cts-2-isoamyl-3-methyl-4-keto- solutions yielded an oil whose nmr spectrum (2.0 g) showed 
2,3,4,5,6,7-hexahydrobenzofuran (4b). continuous complex absorption from 0.85 to 2.0 ppm, isoamyl,

The c is  configuration of the 4-methoxy-2,3-dihydro f  y.llc’ and rin,g, p™to,f  ’ amultiplet a t 2 -65 PP“ , tertiary allylic

compound lb  is assigned on the fa c t  that in is prepared linkage; and a multiplet a t 5.55 ppm, vinyl proton. The low
by catalytic reduction of the 2,3 double bond in 9b. integration of olefinic protons indicated the presence of over-
This is supported by the isomerization of lb  to the reduced product. The lack of absorption above 6 ppm indicated
corresponding tr a n s  compound 2b, by the action of cold the absence of starting material.

, , , . • , o * ,, 7 J  Hydrolysis of the Crude Birch Reduction P rod u ct— The light
concentrated sulfuric acid. Although the turns com- yellow oil from the above Birch reduction of cis-2-isoamy 1-3,4-
pound 2b has a cracking pattern in the mass spectrom- dimethyl-2 ,3-dihydrobenzofuran was dissolved in 10 ml of 3 %
eter almost identical with that of the cis compound oxalic acid in 9 1 dioxane-water. After stirring at room tem-
2a, the 3-CH3 is shifted in the nmr spectrum to 1.22 perature for 20 hr, 100 ml of water was added. The mixture was

j  -.tv. i no r o extracted with ether which was washed with 5%  sodium car-ppm, compared with 1.08 ppm for the 3-CH, m the a s  bonate fmd with distilled water. the combilled washings were
compound la. This is analogous to the relationships extracted twice with ether. The combined ether solutions were 
observed in the 3-CH3 of the c i s - t r a n s  pair l a  and 2 a , dried and the solvent was evaporated, yielding a yellow oil
where the configurations are established by several which was chromatographed on 90 g of neutral Woelm alumina,
unequivocal methods.’ activinty *L f uti,on wit|1 f  ofpet™leum ether (bp 30 -6 0 °)

, . . , j. . . gave 0.98 g of a clear colorless liquid, whose lr spectrum showed
Another approach to introducing a functional group n0 hydroxyl or carbonyl absorption; the nmr spectrum showed

at position 4 involved the side-chain bromination of continuous complex absorption from 0.8 to 2.0 ppm and weak,
3- me^hyl-4,6-dichlorophenyl acetate (10a); the benzyl complex absorptions centered at 2 .2  and 3.9 ppm, with no absorp-
bromide 10b was converted to the methoxymethyl- tion in the aromatic region. These spectra indicated that this

material was a mixture of hexahydrobenzofurans such as 4a as 
R reported by Hayward.10 Elution with ether gave 0.340 g of a

„  I viscous slightly yellow oil. The ir spectrum showed a broad
^ hydroxyl absorption at 3420 cm -1 and absorptions in the car-

j I bonyl region at 1710 and 1670 and a weak band at 1620 cm -1; the
^ S i/N -Q p / 1670-cm_1 band was stronger than the 1710-cm-1 band. The

j second fraction was a mixture of the saturated and a,/3-unsatu-
C1 rated keto alcohols. These mixtures are similar to those ob-

10a, R =  CH3; R ' =  Ac tained by Hayward.10
b, R  =  CH2B r; R ' =  Ac Birch Reduction of cfs-2-Isoamyl-3,4-dimethyl-2,3-dihydro-
c, R  = CH2OCH3; R ' = H benzofuran (2a) Using a 3-g-atom Excess of Lithium.—A solution
d, R  =  CH2OCH3; R ' =  CH3OCCHCH2CH2CH(CH3)2 0f 2 .18 g (0.01 mol) of w's-2-isoamyl-3,4-dimethyl-2,3-dihydro-

, , , ,. ., • 1 1 j, i „ , i __ benzofuran in 25 ml of anhydrous ether and 6.5 ml of ¿-butylphenol 10c by sodium methoxide, and from the latter alcohol wag glowly added tQ y 0 ml of liquid ammonia. Lithium
was prepared the keto ether lOd. 1m s could not be (0.35 g, 0.05 g-atom) was added in small pieces over a period of
cyclized to the corresponding benzofuran. about 20 min. The mixture was treated as above, and the nmr

spectrum of the resulting oil (2.1 g) showed both olefinic and 
aromatic absorptions, indicating incomplete reduction.

Experimental Section9 Hydrolysis of the Birch Reduction Product in 3%  Oxalic Acid
in THF and Water.— The reduction product (2.1 g) from the 

m-2-Isoamyl-3,4-dimethyl-2,3-dihydrobenzoiuran (la ). above reaction was stirred in 10 ml of 3%  oxalic acid in 9:1
Platinum oxide (Englehard Industries, 100 mg) was added to a T H F:w ater for 2 hr at room temperature and diluted with 100
solution of 7.6 g (0.035 mol) of 2-isoamyl-3,4-dimethylbenzo- ml of water. I t  was worked up as above, and the resulting 2.0 g
furan in 200 ml of absolute ethanol, and the mixture was hy- 0f qjj was chromatographed on 90 g of neutral Woelm alumina,
droger.ated at atmospheric pressure. After 8 hr the uptake of activity II . Elution with petroleum ether gave 0.5 g of a colorless
hydrogen (0.035 mol) ceased. Platinum metal was removed by 0ji( the nmr spectrum of which was identical with that of the
filtration and the alcohol was removed by evaporation under re- 2 ,3-dihydrobenzofuran la . Low integration of protons in the
duced pressure. Distillation through a Vigreux column gave 7 .0  aromatic region of the spectrum indicated the presence of over-
g (93%  yield) of a colorless liquid, bp 148-150° (10 mm). \ apor reduced products. Elution with ether gave 1.5 g of a viscous,
phase chromatography on a 20%  Apiezon column showed that yellow oil, whose ir spectrum had hydroxyl absorption at 3420
this product was about 98%  pure. Co-injection with authentic cm -1 and carbonyl absorptions at 1710 and 1670 cm -1. The
cfs-2-isoamyl-3,4-dimethyl-2,3-dihydrobenzofuran showed only nmr spectrum showed no vinyl proton absorption, indicating
one peak. The nmr and ir spectra were identical with those that very little fS,y-unsaturated ketone was present. The mixture
reported by Hayward .2'10 _ _ was about 75%  a,/3-unsaturated ketone, based on the relative

Birch Reduction of czs-Isoamyl-3,4-dimethyl-2,3-dihydrobenzo- intensities of the ir bands at 1710 (saturated carbonyl) and 1670
furan (la).—A solution of 2.18 g (0.01 mol) of the 2,3-dihydro- cm -i  (a ,/3-unsaturated carbonyl). Attempts to obtain the un-
benzofuran la in 23 ml of ¿-butyl alcohol and 100 ml of ethyl saturated ketone pure, by chromatography on alumina, silica
ether was added slowly to 50 ml of liquid ammonia. Lithium gei j arl(j alumina-silver nitrate (6 % ) failed. The above mixture
wire (1.13 g, 0.16 g-atom) was added over about 15 min to the wag used for f0n0Wjng experiments.
solution in small pieces. The mixture was allowed to reflux with crt/(fwo-2- ( l ,5-Dimethyl-2-acetoxyhexyl)-3-methylcyclohex-2-
stirring for 2 hr; absolute methanol (20 ml) was added and the enone (6b).— The mixture of saturated and unsaturated keto
blue color disappeared. The ammonia was evaporated by gentle alcohols 5a and 6a (1.2 g, 0.005 mol), was dissolved in 4 ml of
warming and 50 ml of ethyl ether was added, followed by 100 ml pyridine and 2 ml of acetic anhydride. The mixture was allowed
of ice water, added dropwise. The ether layer was separated and to gtand at room temperature for 24 hr and worked up as usual,
the aqueous layer was extracted with ether. The combined ether rpjle brown viscous product (1.1 g) was chromatographed on 
____________ _ neutral Woelm alumina, activity I I ;  elution with petroleum

(8) D. P. Brust, D . S. Tarbell, S. M. Heeht, E . C. Hayward, and L. D. ether gave 100  mg of colorless oil, the ir spectrum of which was
Colebrcok, J .  Org. Chem., 8 1 ,2192 (1966). identical with the dihydrobenzofuran la . Elution with

(9) Microanalyses were done by the Galbraith Laboratories, Knoxville, ether gave 849 mg of a yellow Oil, whose lr spectrum showed strong
Tenn.; all melting points and boiling points are ur.corrected. Ir spectra absorptions at 1742 (ester carbonyl), 1712 (saturated carbonyl),
were taken on a Beckman IR -10 spectrophotometer in K B r disks, solution 1575 («^-unsaturated carbonyl), and 1244 cm ' 1 (ester C -O ).
or as liquid films, as indicated for each compound. Nmr spectra were re- -pbis spectrum indicated that this material was a mixture of
corded on a Varian A-60 spectrometer in CDCU or CCh; chemicals shifts saturated and a,j3-unsaturated ketoacetates in a ratio of about
are reported in parts per million, with (CH .BSi as interna1 standard. Var- 1 ;g Thege egters were not separable by column chromatography
i«Ti-AproffraDh IVlodel 90-P. A90-P or F  & IVt Alodels 720 or 700 were used . . .  , i •«i niiirz-vr*ian-Aerograpn moaei »u r , » on alumma; glllca geL or alumina impregnated with 6%  Sliver
forvpc. .. ,

(10) E . C. Hayward, Ph.D. Thesis, University of Rochester, 1967. n it ra te .



en/i/iro-2- ( l ,5-Dimethyl-2-acetoxyhexyl)-3-methylcyclohexa- The nmr spectrum (CC14) showed a doublet at 0 .9  ppm (6 H ),
none (6b) from Hydrogenation of the Mixture of Saturated and gem-dimethyl protons; a complex envelope from 1.17 to 2.1
Unsaturated Acetates.—1The mixture of saturated and unsaturated (5 H ), chain protons; a singlet at 2.17 (3 H ), methyl protons
ketoacetates obtained above (335 mg, 0.0014 mol, based on un- adjacent to carbonyl; a singlet at 3.78 (3 H ), methoxyl protons;
saturated keto ester) was dissolved in 15 ml of absolute methanol, a triplet at 4.49 (1 H ), tertiary proton adjacent to carbonyl and
and 75 mg of 30%  palladium on carbon was added. The mixture ether linkage; a singlet at 6.43 (1 H ), aromatic proton; and a
was hydrogenated at atmospheric pressure. The uptake of singlet at 7.32 (1 H ), aromatic proton.
hydrogen stopped after 14 hr, when 32.4 ml had been used. A n al. Calcd for C15H20CI2O3: C, 56.43; H, 6 .32 . Found: C, 
The ir spectrum of the crude product showed carbonyl bands at 56.72; H , 6 .27.
1745 (ester) and 1710 cm -1 (carbonyl), with no absorption near 2-Isoamyl-3-methyl-4-methoxy-5,7-dichlorobenzo:uran.— 3-
1670 cm -1. (4,6-Dichloro-3-methoxyphenoxy)-6-methyl-2-heptanone (122 g,

Vapor phase chromatography of the above mixture on a 6 ft 0.38 mol) was cooled in an ice bath, and similarly cooled con-
X  0.25 in. 1%  SE-30 column of the mass spectrometer (tem- centrated sulfuric acid (150 ml) was added with rapid stirring
perature program 3°/m in starting at 110°) gave nine peaks. during about 15 min. After the addition was complete, the dark
The first peak was small and was not identified. Minor peaks red mixture was stirred at 0° for 15 min and poured over 400 g
eluting at 130, 132, and 133° were identified by the cracking of ice. The dark oily precipitate which formed was extracted
patterns as diastereoisomeric perhydrobenzofurans 7a. A minor with ether; the combined extracts were washed with water, twice
peak at 138° was the saturated ketoacetates 6b. The last eluting with 10%  sodium carbonate, and again with water. The wash-
peak, 166°, was minor and was not identified. The peaks identi- ings were back-extracted with ether. The combined ether solu-
fied as the desired saturated ketoacetates were present in an tions yielded 75 g of red oil, which was chromatographed on
approximate ratio of 1 :3 :3 ,  in order of their elution temperatures. Woelm neutral alumina, activity I . Elution with 2 1. of petro-

Hydrogenation of the Mixture of Saturated and Unsaturated leum ether provided 70 g (61%  yield) of a colorless liquid. Vapor
Keto Alcohols Obtained from Birch Reduction of cis-2-Isoamyl- phase chromatography of this liquid on a 10 ft X  0.25 in.
3 ,4-dime thyl-2,3-dihydrobenzofuran (la ) . Acetylation of the UCON Polar column showed cne peak with a retention time of
Hydrogenation Mixture.— The keto alcohol mixture (1.13 g), 14.5 min. This single peak was collected and the resulting clear
in 15 ml of methanol with 100 mg of 30%  palladium on carbon, colorless liquid was evaporatively distilled (bath temperature
was stirred at room temperature under hydrogen at 1 atm . 90°, pressure 0.5 mm). The nmr spectrum had a doublet at
After about 12 hr, hydrogen uptake eeased at 250 ml. The 0.92 ppm (6 H ), gem-dimethyl group protons; a multiplet at
catalyst was removed by filtration and the solvent by reduced 1.58 (3 H ), side-chain protons; a singlet at 2.22 (3 H ), allylic
pressure evaporation. The resultant oil, about 1.0 g, was dis- methyl protons; a triplet at 2.67 (2 H ), allylic side-chain protons;
solved in 4  ml of pyridine and 2 ml of acetic anhydride was added. a singlet at 3.86 (3 H ), methoxyl protons; and a singlet at 7.09
The mixture was allowed to stand at room temperature for 48 hr. (1 H ), aromatic proton.
The excess pyridine and acetic anhydride was removed by slow A nal. Calcd for CisHigChCh: C, 59.81; H, 6 .02. Found:
evaporation under reduced pressure. Vapor phase chromatog- C, 59.69; H, 6.04.
raphy on the 6 ft X  0.25 in. 1%  SE-30 column of the mass 2-Isoamyl-3-methyl-4-methoxybenzofuran (9b).— To a solution 
spectrometer (temperature program 3°/m in starting at 110°) of 24 g (0.08 mol) of 2-isoamyl-3-methyl-4-methoxy-5,7-dichloro-
showed 17 peaks. Of these, 13 were identified on the basis of the benzofuran (9a) in 50 ml of absolute ethanol was added 13.1 g
mass spectra scans. They are, in order of their elution tempera- (0.16 mol) of anhydrous sodium acetate, 9 .6  g (0.16 mol) of
tures, 125, 126,130, and 133°, diastereoisomers of the perhydro- glacial acetic acid, and 0.5 g of 10%  Pd-C  (Matheson Coleman
benzofuran 7a; 137 and 140°, saturated keto alcohols; 14 2 ,1 4 3 , and Bell).
and 156°, saturated ketoacetates 6b; 160°, minor, and 162°, The mixture was shaken in a Parr apparatus under 50 psi of
major, identified as the unsaturated ketoacetate 5b and its hydrogen; hydrogen uptake (0.16 mol) ceased after 20 hr. The
double-bond isomer; 164°, minor, and 169°, massive, identified catalyst and salts were removed by filtration through a Celite
as unsaturated alcohols. The ratio of the saturated ketoacetate m at, the solvents by evaporation under reduced pressure, and
diastereoisomers, approximated by inspection, was 1 :3 :4  in order the cloudy residual oil was taken up in ether; the ether solution
of eluting temperature. There were minor peaks eluting at 121, was washed with water, 10%  sodium carbonate, and again with
154, 173, and 226°, which were not identified. water, and dried. The product, distilled through an 8-in.

4,6-Dichloro-3-methoxyphenol (8a).— 3-Methoxyphenol11 (108 Vigreux column, yielded 18.0 g (96%  yield) of a clear colorless
g) was chlorinated with 270 g of sulfuryl chloride at 0° over a liquid, bp 93-95° (0.3 mm). Vapor phase chromatography on a
3-hr period; the reaction mixture was warmed on a steam bath 25%  FFA P  column showed peaks at 16.0, 22.8, and 30 min.
for 30 min; and the product was distilled through an 8-in. Vigreux The peak at 2 2 .8 min was about 90%  of the mixture, and the peak
column. One fraction was collected [bp 82-85° (0.4 mm), 155 at 16 min about 10% . The peak at 30 min was very small and
g, 80%  yield], which crystallized completely on standing. was identified as starting material by co-injection with 2 -isoamyl-
Two recrystallizations from petroleum ether gave analytically 3-methyl-4-methoxy-5,7-dichlorobenzofuran. The peak at 16.0
pure 4,6-dichloro-3-methoxyphenol. The ir and nmr spectra min was identified in later experiments as cis-2-isoamyl-3-methyl-
were in complete agreement with the structure assigned. 4-methoxy-2,3-dihydrobenzofuran (lb ). The peak at 22.8 min

A n al.. Calcd for C7H6CI2O2: C, 43.55; H, 3 .13 . Found: C, was collected and evaporatively distilled (bath temperature
43.69; H, 2 .95. 80°, 0.05 mm). The nmr spectrum (CC14) showed a doublet at

3-(4,6-Dichloro-3-methoxyphenoxy)-6-methyl-2-heptanone 0.92 ppm (6 H ), gem-dimethyl protons; a complex multiplet at
(8b).— This was prepared from the above phenol (100 g) and 1.55 (3 H ), side-chain protons; a singlet at 2.26 (3 H ), allylic
3-bromo-6-methyl-2-heptanone12 (113 g) in dry acetone with methyl protons; a triplet at 2.58 (2 H ), allylic side chain pro-
finely powdered potassium carbonate (70 g) and a few milli- tons; a singlet at 3.70 (3 H ), methoxyl protons; a multiplet
grams of potassium iodide. The product was 139 g (84%  crude at 6.37 (1 H ), aromatic proton between two other protons; and
yield) of a cloudy yellow oil; a portion of this product (4.6 g) was a multiplet at 6.89 (2 H ), aromatic protons adjacent to ether
chromatographed on 50 g of Woelm neutral alumina, activity I . linkages.
Elution with 90 ml of petroleum ether gave 2.3 g of an oil; elution A nal. Calcd for C15H20O2: C, 77.55; H, 8 .6 8 . Found: C,
with a second 90-ml portion of petroleum ether gave 2.0 g of a 77.41; H, 8 .72.
clear yellow oil. The ir spectra of these two oils were identical. Hydrogenation of 2-Isoarr.yl-3-methyl-4-methoxybenzofuran
Vapor phase chromatography of the combined fractions on a 25%  (9b) with Platinum Catalyst. 2-Isoamyl-3-methylperhydrobenzo-
QF-1 column showed only one peak eluting at 10.3 min. An furan (7b).— To a solution of 11.6 g of 2-isoamyl-3-methyl-4-
analytical sample was prepared by collection of this peak as a methoxybenzofuran (0.05 mol) in 50 ml of methanol was added
colorless quite viscous oil, followed by evaporative distillation 100 mg of platinum oxide (Engelhard Industries); the mixture
(bath temperature 110°, pressure 0.025 mm). The ir spectrum was shaken under hydrogen at 50 psi. In  less than 1 hr, 0.05
(CClj) showed strong absorptions (cm -1) at 1718, ketone; 1595, mol of hydrogen was taken up. The platinum metal was removed
aromatic; 1450-1500, aliphatic; 1360,1385, gem-dimethyl group; by filtration, the solvent was removed by reduced pressure
1205, ether C -O ; and 880, 1 ,2 ,4 ,5-tetrasubstituted aromatic ring. evaporation; the colorless oil was distilled through a Vigreux
-------------------  column. Three fractions were collected. The first fraction (3.1

(11) W. H. Perkin, J .  N. Ray and R . Robinson, J .  Chem. Sac., 945 (1926). g)> b P 5 9 ° ( ° - 15  mm)< showed no aromatic Or allylic protons in
(12) Cf. D. S. Tarbell, S. E . Cremer, et al„ J .  Amer. Chem. Soc., 83, 3112 the nmr spectrum, indicating that it was a perhydrobenzofuran.

(1961). The two high-boiling fractions were shown by vapor phase

2342 J .  Org. Chem., Vol. 35, No. 7, 1970 B ranningan and T abbell



chromatography to be identical with the starting material. were identified by co-injection as the two components in the
■Hydrogenation over platinum catalyst at atmospheric pressure mixture before hydrogenation. The peak at 11.0 min was col-
gave similar results. . . .  lected and evaporatively distilled (bath temperature 70°, 1 mm),
co -.-Por P“ ase chromatography of the fraction boiling at 59° Reinjection of the collected material showed that it was about
(U.15 mm) on a 25%  QF-1 column showed or.e peak with a reten- 98%  pure cfs-2,3-dihydrobenzofuran lb ; the nmr spectrum
tion tune of 5 .i  min. This peak was collected and evaporatively showed two close doublets at 0.92 and 1.08 ppm (total 9 H)
distilled (bath temperature, 60°; 0.5 mm). The ir spectrum ffm-dimethyl and homobenzylic methyl protons; a complex
(liquid film) had bands at 1390 and 1370, gem-dimethyl doublet, envelope from 1.2 to 1.9 (5 H ), side-chain protons; a multiplet

°m ’ ’ C _ 0  stretchinë of ether- The nmr spectrum at 3.28 (1 H ), benzylic proton; a singlet at 3.69 (3 H ), methoxy
( ° U V had two Partmlly superimposed doublets centered at 0.9 protons; a multiplet at 4.36 (1 H ), proton adjacent to the ether
ppm ,9 H, total), methyl protons; a complex multiplet from 1.0 linkage; two close doublets at 6.18 and 6.32 (total 2 H ), aromatic
to 2.1 (15 H ), ring and chain protons; and a multiplet at 3.72 protons; and a triplet at 6.81 (1 H ), aromatic proton.
(2 H ), protons adjacent to ether linkages. A n al. Calcd for Ci5H220 2: C, 76.88; H, 9 .46. Found' C

A nal. Calcd for C»H 260 :  C, 79.94; H, 12.46. Found: C, 77.02; H, 9.53.
80.12, H, 12.41. Xhe high-boiling fraction (15.5 g) was redistilled on an 18-in.

Hydrogenation of 2-Isoamyl-3-methyl-4-methoxybenzofuran annular Teflon spinning-band column. Two fractions were
(9b) with 10% Palladium-on-Carbon Catalyst— Palladium on collected: 14.0 g (60%  yield) bp 122° (0.5 mm), and 1.3 g,
carbon 10% (0.5 g) was added to a solution of 11.6 g (0.05 mol). bp 124° (0.5 mm). Vapor phase chromatography of the low-
of 2-isoamyl-3-methyl-4-methoxybenzofuran in 50 ml of metha- boiling fraction showed that it was more than 98%  pure lb;
nol. The mixture was shaken under hydrogen at 50 psi; after co-injection with the above analytical sample showed that thé
24hr no hydrogen had been taken up. The catalyst was removed, fraction boiling at 122° (0.5  mm) was m-2-isoamyl-3-methyl-4-
0.5 g of fresh catalyst was added, and the mixture was again methoxy-2,3-dihydrobenzofuran.
shaken under hydrogen at 50 psi; after 24 hr no hydrogen had Attempts to reduce the benzofuran 9b to the 2,3-dihydro
been taken up. The catalyst was removed by filtration and the compound lb by diimide failed.13
solvent evaporated under reduced pressure. The liquid residue Tans-2-Isoamyl-3-methyl-4-methoxy-2,3-dihydrobenzofuran
was dissolved in 40 ml of methanol and 10 ml of glacial acetic (2b).— To 2 g of a's-isoamyl-3-methyl-4-methoxy-2,3-dihydro-
acid was added along with 0.5 g of 10%  palladium on carbon. benzofuran was added 5 ml of ice-cold concentrated sulfuric acid;
The mixture was shaken under hydrogen at 50 psi. After 12 the mixture was kept in the refrigerator for 16 hr, after which it
hr, 0.05 mol of hydrogen had been taken up. The catalyst was was poured over 50 g of ice. The product, after the usual proce-
removed by filtration, most of the solvent by evaporation under dures, was 0.54 g of a red liquid. Vapor phase chromatography
reduced pressure, and the residue was dissolved in ether, washed on a FFA P  column showed peaks at 5 .2 , 16.7, 19.8, and 23.5
with water, 10%  sodium carbonate, and again with water. The min in a ratio of 1 :6 0 :4 0 :1 . The peaks at 5 .2 ,1 6 .7 , and 23.5 min
combined washings, basic to litmus, were back-extracted with were identified, by co-injection with the appropriate known com-
ether. The combined ether solutions were dried, filtered, and pounds, as the perhydrobenzofuran 7b, cfs-2-isoamyl-3-methyl-4-
conceatrated under reduced pressure. Vapor phase chromatog- methoxy-2,3-dihydrobenzofuran (lb ), and 2-isoamyl-3-methyl-4-
raphv on a 25%  FFA P  column showed peaks at 5 .2, 20, and 23 methoxybenzofuran (9b), respectively. The peak at 16.7 min
min. The peak at 5.2 min, about 30%  of the mixture, was shown was collected and evaporatively distilled (bath temperature 80°,
by co-injection to be due to the perhydrobenzofuran 7b. The 0.1 mm). The mass spectrum was identical with that of the
peaks at 20 and 23.5 min were shown by co-injectiqn to be the cfs-dihydrobenzcfuran lb. The nmr spectrum of the collected
2,3-dihydrobenzofuran lb and the benzofuran 9b in approxi- peak was nearly identical with that of the cis compound, except
mately the same ratio as the starting material. that the absorption of the 3-methyl group protons was shifted

Hydrogenation of 2-Isoamyl-3-methyl-4-methoxybenzofuran to 1 .22 ppm from 1.07 ppm for the cis compound.
(9b) with 30%  Pd-C . as-2-Isoamyl-3-methyl-4-methoxy-2,3- as-2-Isoamyl-3-methylketo-2,3,4,5,6,7-hexahydrobenzofuran
dihydrobenzofuran (lb ).— To a solution of 23.2 g (0.1 mol) of (4b).— A solution of 7.24 g (0.031 mol) of m-2-isoamyl-3-methyl-
2-isoamyl-3-methyl-4-methoxybenzofuran (9b) in 20 ml of 4-methoxy-2,3-dihydrobenzofuran in 70 ml of anhydrous ethyl
absolute ethanol was added 2.5 g of 30%. Pd-C  (Engelhard ether and 70 ml of i-butyl alcohol was added slowly to 150 ml of
Industries). The mixture was stirred under hydrogen at at- liquid ammonia. Lithium wire (0.75 g, 0.107 g-atom) was
mospheric pressure; after 5 hr, 500 ml of hydrogen (about 20%  added with rapid stirring over a period of 20 min. After the
of the theoretical amount) had been taken up. A few microliters mixture had refluxed for 30 min, a second portion of 0.75 g of
of the reaction mixture was injected onto a 5 ft X  0.25 in. 3%  lithium wire was added. The procedure for the reduction of la
SE-30 column (column temperature, 172°; flow rate, 60 ml of was followed essentially, and 7.2 g of a slightly yellow mobile
H e/m in). Two peaks were observed with retention times of 5.5 liquid was obtained. The nmr spectrum of this crude material
and 6.8  min. These were identified by co-injection as the same showed no aromatic absorption, indicating complete reduction,
two peaks in the starting material. The relative concentration A complex multiplet at 4.63 ppm and a singlet at 3.51 suggested
of the peak at 5 .5  min had risen from about 5 to 20% . The the presence of the enol ethers (tetrahydrobenzofurans). The
hydrogenation was continued. After 13 hr a total of 900 ml of crude mixture in 75 ml of tetrahydrofuran was stirred with 25 ml
hydrogen had been taken up. Vapor phase chromatography of 12% aqueous oxalic acid at room temperature for 18 hr.
(conditions above) at this point showed a third peak at 2.8 min, The mixture was diluted with water, the tetrahydrofuran layer
about 2%  of the total mixture. This new peak was identified as was separated, and the aqueous layer was extracted with ether,
the perhydrobenzofuran 7b by co-injection. The peak at 5 .5  The combined tetrahydrofuran and ether solutions were washed
min had risen to about 40% . After the theoretical amount of with water, 10%  sodium carbonate, and again with water. The
hydrogen had been taken up, the peak at 2 .8  min had risen to basic washings were back-extracted with 50 ml of ether. The
about 20%  and the peak at 5.5 min to 60% . Hydrogenation was combined organic solutions were worked up as usual, and con-
contir.ued until the peak at 6.8  min had decreased to 7% . This centrated by evaporation under reduced pressure. The ir spec-
required 48 hr and 3900 ml of hydrogen (0.134 mol); the 2.8-min t.rum of the residual oil, 6.8  g, showed a hydroxyl band at 3440
peak had increased to 28%  and the 5.5-min peak to 65% . The cm -1 and a strong broad band from 1620 to 1680 cm -1. The
catalyst was removed by filtration through a Celite mat and the product was chromatographed on Woelm neutral alumina, ac-
solid mixture was washed thoroughly several times with absolute tiv ity l. Elutior.withpetroleum ether produced 0.1 g of a colorless
ethanol. The filtrate and washings were combined and the sol- liquid with an ir spectrum identical with that of the starting
vent removed by evaporation under reduced pressure. The material. Elution with ether gave 5.47 g of a light yellow oil,
residue was 23 g of a colorless cloudy liquid.. The liquid was whose ir and nmr spectra showed that it was the deisired 4-keto
distilled through an 8-in. Vigreux column. Two fractions were compound 4b. The ir spectrum had bands at 1640 and 1680
collected: 6.5 g of colorless liquid, bp 63° (0.15 mm), and 16.0 cm -1, O— C = C — C = 0 ;  and 1195 and 1245, C— O. The nmr
g of a slightly cloudy colorless liquid, bp 97-105° (0.15 mm). (CC14) had a multiplet centered at 4.51 ppm (1 H ), proton ad-
The first was shown by vapor phase chromatography to be of jacent to ether linkage; a multiplet centered at 3.09 (1 H ), 
more than 98%  purity, and to be identical with the perhydro- -------------------
benzofuran 7b previously obtained. Vapor phase chromatog- (13) E j  Corey> w L Mocki and D_ j, Past0_ Tetrahedron Lett„ 3 4 7

raphy of the high-boilmg fraction on a 20%  Ucon Polar column (1961). g Htinig, H R MulIeri and Thieri ib ii 353 (1961); R s
gave three peaks with retention times 6 .1 , 11.0, and 17.0 min in Dewey and E . E. van Tamelen, J .  Amer. Chem. Soc., S3, 3729 (1961); C.
a ratio of 1 :4 0 :4 , respectively. The peaks at 11.0 and 17.0 min E. Miller, J .  Chem. Educ., 42, 254 (1965).

2-Isoamyl-3-methyl-4-methoxy-2,3-dihydrobenzofurans J .  Org. Chem., Vol. 35, No. 7, 1970 2343



tertiary allylic proton; 2 .2  (4 H ), amultiplet, allylie protons and protons; 4.42 (2 H ), benzylic methylene protons; 6.59 (1 H ),
protons adjacent to a carbonyl bond; a complex envelope from broad, phenolic protons; 7.02 (1 H ) and 7.19 (1 H ), aromatic
1.1 to 1.8 (7 II), ring and side-chain protons; and two super- protons.
imposed doublets at 0.95  (9 H ), three sets of methyl group pro- A n al. Calcd for CgHsChCh: C, 46.40; H, 3 .89. Found: C,
tons. Vapor phase chromatography of this liquid on a 5 ft X  46.51; H, 3.79.
0.25 in. UCON Polar column showed only one peak with a reten- 3-(4,6-Dichloro-3-methoxymethylphenyl)-6-methyl-2-heptanone 
tion time of 31 min. This peak was collected and evaporatively (10d) was prepared in the usual way from 9.0 g of the phenol,
distilled (bath temperature 90°, 0.05 mm). 8.9 g of 3-bromo-6-methyl-2-heptanone, 2 .0  g of potassium

A n al. Calcd for C14H22O2: C, 75.63; H , 9 .97 . Found: C, carbonate, and a few milligrams of .potassium iodide in 25 ml of
75.52; H, 9 .92. dry acetone. Vapor phase chromatography of the resulting

The yield of cis-2-isoamyl-3-methyl-4-keto-2,3,4,5,6,7-hexa- liquid on a 25%  QF-1 column showed peaks at 1.7 and 8.3 min.
hydrobenzofuran (4b, 5.47 g) was 79% . The second peak, lOd, about 90%  of the mixture, was collected

4 ,6-Dichloro-3 -bromomethylphenyl Acetate (10b).— N-Bromo- and evaporatively distilled (bath temperature 90°, 0 .5 ). The
succinimide (17.8 g, 0.1 mol), which had been freshly recrystal- ir spectrum (liquid film) had bands at 1720 cm -1, carbonyl
lized from water and dried in a vacuum desiccator over phos- stretching; 1250, 1195, 1168, 1105, and 1080, ether stretching
phorus pentoxide, was refluxed in a solution of 21.8 g (0.1 mol) bands; and a doublet at 1360 and 1380, pern-dimethyl group,
of 4,6-dichloro-3-methylphenyl acetate14 in 200 ml of carbon The nmr spectrum (CC14) had a doublet at 0.92 ppm (6 H ),
tetrachloride, with the addition of 200 mg of benzoyl peroxide. pem-dimethyl group; a complex envelope from 1.1 to 1.9 (5 H ),
Refluxing was continued for 4 hr and the mixture was allowed to aliphatic methylene and methine protons; a singlet at 2.23 (3 H ),
stand overnight. The succinimide was removed by filtration methyl ketone protons; a singlet at 3.40 (3 H ), methoxyl pro-
and washed several times with carbon tetrachloride. The solvent tons; a singlet at 4.37 superimposed upon a multiplet at 4.50
was evaporated under vacuum at 35° and the resulting yellow (3 H , total), benzylic ether and ketone ether protons; a singlet
oil was taken up in 100 ml of petroleum ether. After standing at 6.95 (1 H ), aromatic proton; and a singlet at 7.32 (1 H ),
in the freezer overnight, the product crystallized, giving 18.4 g aromatic proton.
(mp 38-46°) of yellow oily crystals. Concentration of the mother A nal. Calcd for Ci6H22Cl20 3: C, 57.66; H, 6 .65. Found: C,
liquor gave an additional 6.0 g of product. Recrystallization, 57.59; H, 6 .51.
with decolorization with activated charcoal, from petroleum Attempted Cyclization of 3-(4,6-Dichloro-3-methoxymethyl- 
ether gave 22.0 g (mp 51-53°, 74%  yield). An analytical sample phenoxy)-6-methyl-2-heptanone (lOd).— 3-(4,6-Dichloro-3-me-
(mp 5 2 .2 -53°) was prepared by four recrystallizations from thoxymethylphenoxy)-6-methyl-2-heptanone (2.0 g, 0.006 mol),
petroleum ether. The ir and nmr spectra were in agreement with was cooled in an ice bath to 0 ° . Ice-cold sulfuric acid (5m l)w as
those for the structure. added and the mixture was stirred for 12 min. The dark red mass

A n al. Calcd for CcH7BrCl20 2: C, 36.27; H , 2 .37 . Found: was mixed thoroughly with 50 g of ice. The brown oily precipi-
C , 36.28; H, 2 .52. tate was extracted into five 25-ml portions of ethyl ether. The

4,6-Dichloro-3-methoxymethylphenol (10c).— The bromo- combined ether extracts were washed with water, 10%  sodium
methyl compound 10b (19.6 g) was treated dropwise at room hydroxide, and again with water and dried. The nmr and ir
temperature with a solution of 4.8 g of sodium in 75 ml of dry spectra of the viscous liquid residue were identical with those of
methanol and was stirred overnight. W ater (50 ml) was added the starting material. The experiment was repeated, replacing
carefully, and the mixture was refluxed for 2 hr. Conventional the sulfuric acid with polyphosphoric acid, at 0° for 2 hr, and at
work-up gave an oil, which was distilled through a 4-in. Vigreux room temperature for 18 hr. When these mixtures were worked
column. The main fraction was 10.6 g (74%  yield) of a colorless up as above, only starting material could be detected by nmr or
liquid, bp 113-116° (0.6 mm), which crystallized, mp 6 1-64°. ir spectra.
An analytical sample was prepared by three recrystallizations
from petroleum ether and sublimation (bath temperature 60°, r> • i. at , ,, __ n , ,
0.5 mrn). The pure sample of 10c had mp 6 8-69 .5° . The h Registry No. la , 24099-57-8; lb , 24099-58-9; 2b, 
spectrum (HCCI3) had bands at 3400 cm -1, hydroxyl; 1080, 24099-59-0; 4b, 24099-60-3; 6b, 24099-61-4; 7b,
1170, and 1200, ether and phenol C -0  stretching. The nmr 24099-62-5; 8a, 18113-13-8; 8b, 24099-64-7; 9a,
spectrum (CCh) showed singlets at 3.43 ppm (3 H ), methoxy 24099-65-8 ; 9b, 24099-66-9; 10b, 24099-67-0; 10c,

(14) S. E . Cremer and D. S. Tarbell, J .  O r g .  Chem., 26, 3653 (1961). 24 0 99-68-1 J 10d, 24099-69-2.
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Hexaalkyldistannoxanes react with equimolar amounts of ethylene or propylene carbonate at 80-180° to give 
bis(trialkyltin) alkylene glycolates and/or 2-dialkylstanna-l,3-dioxolanes. However, a , a '-diehlorotetraalkyl- 
distannoxane gives rise to 2-dialkylstanna-l,3-dioxolane exclusively. Formation of the stannadioxolanes was 
confirmed through a new cyclization reaction of bis(tributyltin) ethylene glycolates, R 3SnOC2H 4OSnR3, and 
their cyclizing tendencies were as follows: C lEt2Sn, Me3Sn >  E t3Sn >  n-Bu3Sn. Reactions of hexaethyl- and 
hexabutyldistannoxanes with ethylene monothiolcarbonate at higher temperature afford bis(trialkyltin) mono- 
thiolethylene glycolates, together with small amounts of 2-dialkylstanna-l-oxa^3-thialanes.

D av ies  an d  eow orkers h a v e  rep o rte d  th e  re a c tio n  of tin  alk oxid e, in stead  of th e  e th ylen e g ly co la te , for
h e x a b u ty ld ista n n o x a n e  w ith  e th ylen e ca rb o n a te  to  in stan ce , 2 -d ie th y ls ta n n a -l,3 -d io x o la n e  from  h e x a -
afford  bis (trib u ty ltin ) eth ylen e g ly co la te  in a  good yield . 1 e th y ld istan n o xan e  an d  eth ylen e ca rb o n a te . W e  in-
In  th e  cou rse  of ou r s tu d y  on  th e  re a c tio n  of d istan n o x- v e s tig a te d  th e  sim ilar re actio n s of fou r kinds of th e
a n e  w ith  cy clic  ca rb o n a te , w e o b tain ed  a  cy c lic  organ o- d istan n o xan es w ith  eth ylen e o r p rop ylen e c a rb o n a te

an d  e th ylen e th io lca rb o n a te  a t  v a rio u s te m p e ra tu re ,
(1) A. G. Davies, P. R. Palan, and S. C. Vasishtha, Chem. Ind. (London), w h ic h  p r o v i d e d  a  n e w  t y p e  o f  C y c l iz a t io n  r e a c t i o n  o f  

229  (1967). s t e r i e a l l y  le s s  h i n d e r e d  b i s ( t r i a l k y l t i n )  a l k y l e n e  g l y c o l a t e
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to 2-dialkylstanna-l,3-dioxolane . 2 T he analogous reac- mechanism . Equilibrium  phenomena am ong 3, 3 ',
tion between ethylene thiolcarbonate and the above- and 3 "  were docum ented by Pom m ier and V alade7 and  
mentioned distannoxanes was investigated. the dim er form  3 '  or 3 "  was suggested to be stable . 10

B y  our experim ent, the ra te  of the cyclization reaction  
R esu lts and D iscussions of bis (triethyltin) ethylene glycolate a t  137° in mixed

A • , , . ,  , . , xylene was followed by the first-order kinetics, and
A  mixture of equimolar amounts of hexaethyldistan- .__  ■ , „  , , ’ ,, .v 1, , . , , . therefore, an intramolecular process (2) seems to be

noxane and ethylene carbonate was heated under „ „ „  , , V /ox
nitrogen at 1 0 0 ° to give 1 2 %  of bis(tnethyltin) ethylene
glycolate and an 8 5 %  yield of 2-dieth ylstan na-1,3-
dioxolane, together with a quantitative yield of tetra- CH2— X
ethyltin. R esults concerning the reactions of some 0 ^SnR, -R.Sn

hexaalkyldistannoxanes with ethylene or propylene \-a- ;  slow *
carbonate are sum m arized in Table I. CH2—OA Jf '  /

I t  seems of interest th a t the reaction of ethylene ;p~gn j
carbonate with hexabutyldistannoxane a t  1 0 0 ° gave a .............
fairly good yield of linear dialkoxide, while, in the case __
of the reaction with hexam ethyldistannoxane, cyclic 2 \  2 \
dialkoxide was a only product. These results would 2 Snlh SnR2 (2)
suggest that the cyclization reaction of a linear dialk- q j  ( j  c h 2— (J \  CH,
oxide to a cyclic product is sterically hindered by the 2 3  \  /
bulky alkyl tin group. However, a t  higher reaction R-Sn
tem perature, such as 180°, the reaction between hexa- 'X — CH
butyldistannoxane and ethylene carbonate could give y
the cyclic dialkoxide 3c  in fairly good yield. ............ r 2 .......... OCHCHX

However, when bis(triethyltin) ethylene glycolate iR^Sn-j-OCH2CH2X— Sn-j-R ■ _ 2R<Sn /  2 2 \
(2b) was heated a t  100° for 3 hr, 2 -d ieth ylstan n a-l,3 - i _  ! c, v r a r a n  : „ T) i S i^
dioxolane (3b) and tetraethyltin were quantitatively ------- ' r 2 .........  XCH2CH20
obtained, supporting the reaction p ath  1 2 —*■ 3 as 2 3" (3)
shown in eq 1 .

H exaethyldistannoxane was found to  react with  
R' CH— et hyl ene m onothiolcarbonate ( lc )  a t  150° for 2 hr, to  

CO +  (R3Sn),0 °V yield 5 9 %  of bis(triethyltin) m onothiolethylene gly-
I R3 = Mej, E ta colate (2f) and 12%  of 2-dieth ylstan na-l,3-th ioxolane

X B u3, or ClEt2 (3f). T he necessity of higher reaction  tem perature is
1 indicative of the lower reactiv ity  of the monothiol-

R'CHOSnR3 R'CH— 0  carbonate than the carbonate, which would be affected
~R«Sn, SnR2 (1 ) ky the electronegativity  of h eteroatom  X  in cyclic com -

| pounds. In spite of the higher reaction tem perature,
CH2XSnR3 CH2 X the low yield of cyclic thio compound 3f and relatively

2  3  high yield of 2 f could result from  a sm aller cyclization
'— 1— - -------- 2 --------- -------- 3-------- ra te  of the linear thio compound 2f to 3f, owing to the

TT „  , ,  „  „  n  stable tin-sulfur bond.11
b Me O b H Et O b H E t O A mixture of hexabutyldistannoxane and mono-
c H S c H Bu O c H Bu O thiolcarbonate was heated at 150° for 2 hr, affording

e Me Bu O e Me Bu O solely a linear product 2g, probably because of steric
f H E t S f H Et S hindrance on the cyclization reaction,
g H Bu S g H Bu S a,a'-Dichlorotetraethyldistannoxane makes a stable

dim er12 and was less reactive than hexaethyldistan-
E ven  when di-f-butyl peroxide or diphenylpicryl- noxane, which exists as monomer in solution. In  the

hydrazyl w as added in the reaction of hexaethyldistan- reaction with ethylene carbonate, the form er required 2

noxane with ethylene carbonate a t  1 0 0 °, the yields of days of heating a t 8 0 °  to react q u an titatively, while
cyclic and linear dialkoxide were not affected, indicating the la tter reacted  com pletely in only 2 hr. T h e dimeric
a  coordination m echanism  (eq 2  or 3 ) as has been distannoxane was less reactive than the m onom eric one
suggested for redistribution reactions of trialkyltin  in the ring-opening reactions of cyclic esters . 13

hydroxide8 and m ethoxide , 9 rath er than  a free-radical R eaction  of a .a '-d ichlorotetraeth yld istan n oxan e
with ethylene carbonate a t  8 0 °  afforded cyclic di-

(2) Stannadioxolanes were also prepared by another methods from di- a l k o x i d e  3b in  8 8 %  y i e l d  a n d  n o  l i n e a r  d i a l k o x i d e  5 W aS
butyltin dichloride,3 dibutyltin oxide,4'3 and dibutyltin methoxide.6'7 i s o l a t e d ,  S u g g e s t in g  t h e  f a c i l e  C y c l iz a t io n  r e a c t i o n  o f  5

(3) H. E . Remsden and C. K. Banks, U. S. Patent 2,789,994 (1957);
Chem. Abstr., S I, 14786 (1957).

(4) J .  Bornstein, B . R. La Liberter, T. M. Andrews, and J .  C. Montermoso, (10) Cyclic butyltin compound 3 in eq 1 and eq 4 was shown conven-
J .  Org. Chem., 24, 886 (1959). tionally as monomer, but the stable form seems to be dimer7 in equilibrium

(5) W. J .  Considine, J .  Organometal. Chem., 5, 263 (1966). among 3, 3', or 3".
(6) R . C. Mehrota and V. D. Gupta, ibid., 4, 145 (1965). (11) K . Itoh, Y . Kato, and Y. Ishii, J .  Org. Chem., 34, 459 (1969).
(7) J .  Pommier and J .  Valade, ibid., 12. 433 (1968). (12) R. Okawara and M. Wada, J .  Organometal. Chem., 1, 84 (1963).
(8) C. A. Krauss and R . H. Bullard, J .  Amer. Chem. Soc., 51, 3605 (1929). (13) S. Sakai, Y . Kiyohara, M. Kokura, K . Itoh, and Y. Ishii, unpublished
(9) E . Amberger and M. Kula, Chem. Ber., 96, 2562 (1963). work.
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T a b l e  I
R e a c t io n s  o f  D is t a n n o x a n e s  w it h  C y c l ic  C a r b o n a t e s

___________ :-----------Reactants------------------------------. ---------------- Reaction---------------- - ------------- Dialkoxides formed, %-------------■
Carbonates Distannoxanes Temp, °C Time, hr 2 3

Ethylene carbonate (Me3Sn)20  100 0.166 0 (2a) 64 (3a)
Ethylene carbonate (Et3Sn)20  80 2 60-70 (2b) 5-10 (3b)
Ethylene carbonate (Et3Sn)20 °  80 2 64 (2b) 9 (3b)
Ethylene carbonate (Et3Sn)20  100 2 12 (2b) 85 (3b)
Ethylene carbonate (EtsSuJiO* 100 2 18 (2b) 80 (3b)
Ethylene carbonate (Bu3Sn)20  100 6  88 (2c) 3° (3c)
Ethylene carbonate (Bu3Sn)20  120 6  86 (2c) 5“ (3c)
Ethylene carbonate (Bu3Sn)20  180 6  0 90 (3c)
Propylene carbonate (Et3Sn)20  100 2 0 78 (3d)
Propylene carbonate (Bu3Sn)20  120 6  75 (2e) 3° (3e)
Ethylene monothiol-

carbonate (Et3Sn)20  150 2 59 (2f) 12 (3f)
Ethylene monothiol-

carbonate (Bu3Sn)20  150 2 60 (2 g) 1 (3g)
Ethylene carbonate (ClEt2Sn)20  80 48 0 88  (3b)
Ethylene monothiol-

carbonate (ClEt2Sn)20  150 3 0 85 (3f)
“ Dibenzoyl peroxide (0.3 wt %) was added. 6 Diphenylpicrylhydrazyl (0.3 wt % ) was added. c Cyclic dialkoxide 3 was formed 

during high-temperature distillation up to 240°.

CH2—X by the Analytical Center of Kyoto University, and the content
\  -co2 of tin atom in the products was analyzed by Gilmans’ method.17

(ClEt2Sn)20  +  CO s]ow> Materials.—Ethylene thiolcarbonate (Aldrich ChemicalCorp.),
4  q j j__q'  ethylene, and propylene carbonate were redistilled i n  v a c u o .

2 Hexaethyl-, hexabutyl- , 18 and hexamethyldistannoxane19 were
X = 0  or S prepared by literature methods. Bis(triethyltin) ethylene glyco-

CH2—X late was obtained by Lorberth and Kula’s method. 20

2 \  -E tSnC l, \  Reaction of Hexaethyldistannoxane with Ethylene Carbonate
SnEt2 SnEt2 (4) (General Procedure) .—Hexaethyldistannoxane (15.9 mmol) and

pC i7 aS ppr_(7  ethylene carbonate (16.0 mmol) were added to a 30-ml distillating
CH2— OA /y / 2 flask which was heated at 80° for 2 hr under nitrogen; the re-

UlEt 15  ' 3b (X  =  0 ) or 3 f(X  =  S) action mixture was distilled, giving a 1 2 % yield (based on the
'■.......distannoxane used) of the linear dialkoxide 2b, bp 112-114°

5 (0.1 mm), and an 85% yield of the cyclic dialkoxide3b as distilla-
, _ , , , _ , . . tion residue, mp 280° (recrystallized from CHC13). Tetra-

to 3b and the larger mobility of the chlorine atom  m  ethyltin was condensed in a cold trap.
com parison w ith th e  eth y l group. Analogous phenom - 2b: ir (CC14) 1055, 1010 (C-O) and 880 cm-1; nmr (CCh) T
ena were also observed in the reaction of dichlorotetra- 6 ,6 7  (s> 4 ) and ~ 9 -2 (broad, 30); ir and nmr spectra coincided
ethyldistannoxane with ethylene m onothiolcarbonate to  f 1? ?  of f  authen*ic f T ple Prep,a,raed from N>N'
give the cyclic thio compound 3f. 3b: ir (KBr) n 2 0 , 1068 (C-O), 965, 950, 895, and 680

In  th e  m ass sp ectral inspections, a ll cyclic dialkoxides c n r 1; nmr (CHC13) r 6.48 (s, 4, CH20 )  and ~ 8 .8  (broad, 10,
3a-e, seem to show parent mass numbers of the di- E t-Sn ); mass spectrum (m /e) 443 (calcd for (3b)2-E t ,  443).
m er , 14,15 while 2 -d ieth y lstan n a-l-o xa -3 -th ia lan e  has drla-- Calcd for C6H140 2Sn: C, 30.43; H, 5.96; S, 50.11.
th a t  of m onom er. B o th  stannadioxolane and stan - ^ ' i r L m  *n’ 'l3 '76' n ,. . . - . , . . Reaction of Hexamethyldistannoxane with Ethylene Carbon-
naoxathialane would exist m ainly as dimers m equilib- ate.—Hexamethyldistannoxane reacted with ethylene carbonate
rium, 3 y  or 3 " , 16 but the association of two mole- at 1C0° for 10 min analogously giving a 64% yield of 3a: mp 
cules of stannaoxathialane would be weaker than that of <270°; ir (KBr) 1230,1120,1185,1070 (C-O), 900, and780 cm-1;
the cyclic dialkoxide: so the former might show the an nmr measurement could not be done owing to its poor solu-

1 , £ • , , bility; mass spectrum (m/e) 403 pealed for (3a)2-M e, 403).
parent mass number of monomer m  mass spectral AnaL Calcd for Cj i 10o 2Sn: C, 23.01; H, 4.83; Sn, 56.84.
measurements. Found: C, 22.75; H, 5.05; Sn, 56.65.

Reaction of Hexabutyldistannoxane with Ethylene Carbon-
E xp erim ental S ectio n  ate '—Hexabutyldistannoxane reacted with ethylene carbonate at

180° for 6  hr, and the reaction mixture was recrystallized from 
Boiling points and melting points have not been corrected. carbon tetrachloride giving a 90%  yield of 3c: mp 222-223°

Infrared spectra were recorded on a JASCO Model IR -S spec- (ht .7 215-220°, l it .6 223-227°); ir (KBr) 1120, 1060, 895, and
trometer. Nmr spectra were measured on a Japan Electron cm-1; nmr (CHC13) r 6.51 (s, 4, CH20 )  and 8.60-9.20 (m,
Optics Laboratory Model JNM -MH 60, using tetramethylsilane 18, Bu-Sn). Ir and nmr spectra were quite similar when com-
(TM S, r 10) as an internal standard. Mass spectral data (75 pared with those of the authentic material.7 Tetrabutyltin (8 6 %
eV, calcd for 118Sn) were obtained with a Japan Electron Optics yield) was condensed in a cold trap.
Type JM S-OISG mass spectrometer. Microanalyses were done The reaction of hexabutyldistannoxane with ethylene carbonate
___________  at 100° gave an 8 8 % yield of 2c: bp 175-180° (0.2 mm); ir

„  . , , , ,. , , (CCL) 1110, 1070, 1040, and 870 cm "1; nmr (CCh) r 6.57 (s, 4,
(14) Maximum mass number observed was dimer of cyclic dialkoxide- C H 2) 8 .85_9 .37 ( 54  B u _ g n ) . 2c  h a d  th e  sam e j r an d  „ m r

alkyl group, as has been reported on the other organotm compounds by J ,
DeLidder, and D ijkstru.« spectra of authentic sample prepared from ethylene glycol and

(15) J .  J .  DeLidder, and G. Dijkstru, Red. Trav. Chim. Pays-Bas, 8 6 ,737 N,N-diethyltributylstannylamine.19 A small amount of 3c,
(1967). ------------------

(16) M. Wada, T. Okada, and R . Okawara (read at Symposium on Organo- (17) H. Gilman and W. B . King, J .  Amer. Chem. Soc., S I, 1213 (1929).
metallic Compounds in Osaka, Oct 1969) suggested that the stannaoxa- (18) G. S. Sasin, J .  Org. Chem., 18, 1142 (1953).
thialane would be dimeric in solution from the ir and nmr data in carbon (19) T. Harada, Sci. Papers Inst. Phys. Chem. Res. (Tokyo), 38, 146 (1940).
tetrachloride and chloroform solutions. (20) J .  Lorberth and M. R . Kula, Chem. Ber., 97, 3444 (1964).
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formed during high-temperature distillation up to 200°, was Reaction of a ,a '-Dichlorotetraethyldistannoxane with Ethylene
found in distillation residue. Carbonate.—A mixture of equimolar amounts of the two reagents

Reaction of Hexaethyldistannoxane with Propylene Carbonate. was heated at 80° for 2  days in dry toluene, and the reaction mix-
A mixture of equimolar amounts of two reagents was heated ture was recrystallized from a mixture of hexane and chloroform,

at 1 0 0 ° for 2 hr, and the reaction mixture was distilled, giving a giving an 81% yield of dibutyltin dichloride, mp 83-84° (lit 22 
78% yield of 3d: mp 255-257°; ir (KBr) 1140, 1050, 950, 930, 83-84), and an 8 8 % yield of 3 b, mp >270°; ir and nmr spectra
850, and 680 cm *; nmr (CHCh) t 8.98 (d, 3, J  = 6.0 Hz, were the same as mentioned above.
CH3CHO), ~ 8 .8  (broad, 10, E t—Sn), and 6.45 (M, ABCX3 Reaction of a âi’-Dichlorotctraethyldistannoxaiic with Ethylene 
pattern, 3, OCH-CH2) ;21 mass spectrum (ro/e) 473 (ealed for Monothiolcarbonate.—A mixture of equimolar amounts of the
(3d)2-E t , 473). A nal. Calcd for C7H16O3S11: C, 33.51; H, two reagents was heated at 150° for 3 hr, and the reaction mix-
6.43; Sn, 47.31. Found: 0 ,3 3 .7 0 ; H, 6.41; Sn, 47.20. ture was recrystallized from carbon tetrachloride, giving an 85%

Reaction of Hexabutyldistannoxane with Propylene Carbonate. yield of 3f, mp 206-208°. Dibutyltin dichloride was isolated
—A mixture of equimolar amounts of two reagents was heated from the mother liquor.
at 1 2 0 ° for 6  hr. The distillation products were 75% 2 e: Thermal Decomposition of Bis(tributyltin) Ethylene Glycolate.
bp 155-160° (0.02 mm); ir (CCh) 1150, 1070, 1350 , 960 , 875, —The ethylene glycolate was heated in a sealed glass tube at
and 860 cm *; nmr (CCh) r 6.64 (m, 3, CH.CHO), and 8 .5 -9 .1  100° for 3 hr, and the reaction mixture was recrystallized from
(broad, Bu-Sn and CH3-CHO). Spectra were the same as those carbon tetrachloride giving a 93% yield of 3 b; ir and nmr spectra
of an authentic sample prepared by another method.20 From the were the same as those mentioned above. Tetraethyltin was
distillation residue, a 3%  yield of 3e was obtained, which was isolated in 90% yield by distillation of the filtrate,
identified by the comparison with the ir and nmr spectra of an Kinetic Measurement on the Rate of Cyclization Reaction.—
authentic sample prepared by Remsden and Bank’s method:8 The solutions of bis(triethyltin) ethylene glycolate at the initial 
mp 181-183°; ir (KBr) 1140, 1050, 930, 855, and 680 cm-1. concentrations of 1.090 and 1.985 M  in dry xylene were heated

Anal. Calcd for CnH2)0 2Sn: C, 43.04; H, 7.88; Sn, 38.66. at 137.0 ±  0.5° in glass tube, and the tetraethyltin formed was
Found: C, 43.03; H, 8.03; Sn, 38.61. analyzed by vapor phase chromatography with a column of

Reaction of Hexaethyldistannoxane with Ethylene Monothiol- Apiezon L. Table I I  shows the results, 
carbonate.—A mixture of equimolar amounts of the two reagents
was heated at 150° for 2 hr and distilled to give a 59% yield of T able I I
2f, bp 146-149° (0.3 mm), and 12% yield of 3f, mp 205-207°.

2f : ir (CCh) 1180, 1050, 1010, 950, and 650 cm“1; nmr (CCh) T he R ate op f 3rma™ n of T etraethyltin in the T hermal 
t 6.39 (t, 2,./ = 5.8 Hz, CH20 ) , 7.51 (t, 2, J  = 5.8 Hz, CH2S), Decomposition of 2 b at 137.0°
8.9 (broad, 30, E t—Sn). .--------------Tetraethyltin formed (mol/l.)— ---------,

3f: ir (CHCh) 1280, 1220, 1175, 1165, 1055, 1010, 960, and Initial concn, M 4 .0»  8.0  12.0  16 .0 20.0
670 cm "1; nmr (CHCh) r 6.36 (t, 2, J  = 5.4 Hz, CH20 ) ,  7.21 1.090 0.042 0.081 0 .120 0.150 0.190
(t, 2, / = 5.4 Hz, CH2S), and ~ 8 .7  (broad, 10, E t-Sn); mass 1.985 0 .130 0.227 0 .290 0 .320 0.390
spectrum (m /e) 254 (calcd for 3f, 254). Anal. Calcd for CaH„- „ R ti time in hours 
OSSn: C, 28.49; H, 5.58; Sn, 46.93. Found: C, 28.79; H, Reaction time in Pours.
5 79 * Sn 46 65

Reaction of Hexabutyldistannoxane with Ethylene Monothiol- The plots 'of the data in Table I I  by the first-order rate law
carbonate.-The two reagents reacted at 150° for 2 hr, giving showed hnes’ and tl(; «mstante of the cyclization
trace amounts « 1 % )  of 3g [bp 165-168° (0.5 mm); mp 89- reac l(f  of 2b were estimated to be 1.2 X 1 0 -«  and 1 3  X 10" 8

90°; ir and nmr spectra (CHCh) were the same as those of the sec_ 1  for the mltlal concentrations of 1.090 and 1.985 mol/1 .,
sample prepared from dibutyltin dimethoxide and mercapto- respective y.
ethanol], and 60% yield of 2 g [bp 180-185° (0.2 mm); ir (CCh) Rptncbrv N o — la  0(1-40-1 ■ lb  108-32-7- lc
1070, 1050, 1015, 950, and 870 cm-1; nmr (CCh) r 6.45 (t, 2 , ooo6%  7  2f  24471 6 8  9 ‘ ’ 3a  24471-69-0  ’ 3bJ  = 6.0 Hz, CH20 ) , 7.53 (t, 2, J  =  6.0 Hz, CH2S), and 8.6-9.1 334b -S9-4 , ¿X, 2 4 4 ( l-6 S -y , da, 2 4 4 (1  09  U dD,
(broad, 54, Bu-Sn); spectra identical with those of an authentic 2 4 4 7 1 -7 0 -3 ; 3d , 2 4 4 7 1 -7 1 -4 ; 3f, 2 4 4 7 1 -7 2 -5 ; (M esSn^O
sample prepared from mercaptoethanol and N,N-diethyltributyl- 1 6 9 2 -1 8 -8 ; (E t3 S n )20 ,  1 1 1 2 -6 3 -6 ; (B u 3Sn )20 ,  5 6 -3 5 -9 ;
stannylamine2»]. (C lE t2S n )20 ,  17973-82-9.

(21) Ambiguous ABCXa pattern analogous to that of propylene carbonate (22) A. C. Smith and E . G. Rochow, J .  Amer. Chem. Soc., 75, 4103
was observed, but poor solubility of the product prevented analysis. (1953).
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Cyclic thioncarbonates and symmetrical spiro orthocarbonates were readily prepared in excellent yields from 
carbon disulfide and bis(tributyitin) alkylene glycolates having a C2-C 4 glycol unit, together with bis(tributyltin) 
sulfide. Unsymmetrical spiro orthocarbonates were obtained by the reaction of alkylene thioncarbonates with 
other types of bis(tributyltin) alkylene glycolates. On the other hand, bis(tributyltin) alkylene glycolate having 
a bulky or longer glycol unit above C5 reacted with carbon disulfide to form the insertion product to the tin- 
oxygen bond, but did not give any cyclic compound.

H itherto , thioncarbonates were obtained by thio- been so far prepared from  sodium alkoxide and chloro- 
carbonylation reactions of diols using thiocarbonyl- picrin4or thiocarbonyl perchloride (C I3C SC I) . 6 

imidazole , 1 thiophosgene , 2 or carbon disulfide, butyl- In  this report, a  novel synthetic m ethod of cyclic  
lithium , and m ethyl iodide . 3 O rthocarbonates h ave thioncarbonates and spiro orthocarbonates by the

(1) H. A. Staab and G. Walther, Ann., 657, 98 (1962). (I) J .  D. Roberts and R. E . McMashon, “Organic Syntheses,” Coll. Vol.
(2) F . N. Jones and S. Andreades, J .  Org. Chem., 34, 3011 (1969). I I ,  John Wiley & Sons, Inc., New York, N. Y „  1943, p 200.
(3) E . J .  Corey and R. A. Winter, J .  Amer. Chem. Soc., 85, 2677 (1963). (5) H. Tieckelman and H. W. Post, J .  Org. Chem. 13, 265 (1948).
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reaction  of bis(tributyltin) alkylene glycolates with T a b l e  I
carbon diulfide is disclosed. S y m m e t r i c a l  S p ir o  O r t h o c a r b o n a t e s  a n d  C y c l ic

F o r  a  standard  exam ple, bis(tributyltin) ethylene T h io n c a r b o n a t e s  P r e p a r e d  f r o m  B i s (t r i b u t y l t i n ) A l k y l e n e  

glycolate ( la )  reacted  with excess am ounts of carbon G l y c o l a t e s  a n d  C a r b o n  D i s u l f i d e  w it h o u t  S o l v e n t

disulfide in dry  nitrogen a t  room  tem perature, giving a A in ' Product yield, % —
6 9 %  yield of ethylene thioncarbonate (2a), 2 6 %  yield of No' g,yco.ate used .  •

bis(ethylene) orthocarbonate (3a ), and b is(tn b u tyltm ) 2 CH 2CH(CH3) (lb) 6 (66)« (2b) 76 (25)« (3b)
sulfide. T h e cyclic thioncarbonate 2a  showed a pc = s 3 CH(CH3)CH(CH3) (lc) 56 (2c) 32 (3c)
band a t  1155 cm -1  in the ir spectrum  and a sharp 4 C(CH3)2C(CH3)2 (id) 0 0
singlet a t  r  5 .23  in the nm r spectrum , whereas 3 a  had a 5 (CH2)3 (le) 0 65 (3e)
strong pC- o  band a t  1050 cm -1 , a  sharp singlet a t  r  6 (CH2)4 (if) 0 296 (3f)
5 .95 , and the molecular peak at 132 ( m / e )  in  the mass 7 (CH2)5 (lg) 0 0
spectrum. 8 (CII2)20(CH2)2 ( lh )  0 0

« Numbers in parentheses showed the yields in the reaction in
CH OSnBu toluene. b Poly(l,4-butylene carbonate) was also formed in
I 2 3 +  c s ,  -------------- *- 4 5 %  y ie ld -

CH,OSnBu:i '  —diu,Sn)2S

T he results in Table I  indicate th a t  reaction  3 is 
H , C - O n H 2C - O v  /0 -CH 2 generally applicable to  sterically unhindered 1,2-glycol

| / c = s  +  I \ l1) and a,co-glycol derivatives having less than  five carbon
H2C—0  H .C -0  O-CH, atom s. T h e 1,2-glycolates, except 2 ,3-d im eth yl-2 ,3-

2a 3a butylene glycolate (Id ), gave high yields of thion­
carbonate and spiro orthocarbonate. Because reaction

As has already been well established,6- 9 trialkyltin  3 consists of v ery  fast tw o-step reactions as will be
alkoxide can add across the A = B  type unsaturated  discussed later, the ratios of the yield of thioncarbonates
bond of accep tor molecules: tributyltin  m ethoxide to  th a t of spiro orthocarbonates m ay be affected by the
reacted  exotherm ically with carbon disulfide a t  room  solvent used and other reaction conditions; e.g. ,  the
tem perature to  give relatively stable m ethyl tributyltin  yield of propylene thioncarbonate (2b) was im proved by
xan th ate  as shown in eq 2. adding toluene to  the reaction of bis (tributyltin) 1,2-

propylene glycolate (lb ) with carbon disulfide.
Bu3Sn—OCH3 +  CS2 — >■ Bu3Sn—S—C (= S )—OCH3 (2) C on trary  to the reaction of the 1,2-glycolates, the

reactions of the 1,3- and 1,4-glycolate gave only spiro
I t  is interesting th a t m onotributyltin alkoxide gave orthocarbonates. The reaction of 1,4-butylene gly-

the xan th ate, while bis (tributyltin) dialkoxide la  af- colate (If) with carbon disulfide gave a  low yield (2 9 % )
forded the thion- and the orthocarbonates, 2a  and 3a, in of spiro orthocarbonate and 4 5 %  yield of p o ly (l,4 -
the reaction with carbon disulfide under the sam e reac- butylene carbon ate), which will be formed by the
tion conditions. Now, we have established an excellent decomposition of 3f to tetrahydrofuran  and 1,4-butylene
thiocarbonylation reaction of glycols and a new prepara- carbonate and the subsequent polym erization of the
tive m ethod of some new spiro orthocarbonates by the latter, or by the direct polym erization of 3 f, as indicated
reaction of bis (tributyltin) alkylene glycolate with in eq 4, because a small am ount of tetrahydrofuran  was
carbondisulfide,sincebis(tributyltin)alkyleneglycolates, detected in the reaction m ixture by ir and vp c m ea- 
especially the ethylene glycolate, are easily prepared surem ents. 
from  glycols.10 T he results of the reaction  of various
glycolates, 1, with carbon disulfide a t  room  tem perature q

are sum m arized in Table I. (  \
(CH,)4 C = 0

/— OSnBu, '— 0
I —(Bu3Sn)2S -TH F -  .  polymn

(A) +  CS, -

'— OSnBu, f ~ ° \  / ° — ) |
1 (CH2)4 C (CH2)4 or -fO(CH2)„0— C1r (4)

r ° \  r \  / ° n  0  ar 0  4

(ti_  / c==s + (t !_  / c\  T  (3)
0  0  0  T he reaction m ixture of bis (tributyltin) p en tam eth y-

___________  2 3 lene glycolate (lg ) and carbon disulfide showed a  strong

(6) A. j . Bloodworth and A. G. Davies, J .  Chem. S a c .  5238 (1965); C, " C“ S 1)8,11(1 ^  a b ° U t 1 2 0 0  C m _ 1 > b U t  * 8  W£lS ^ C O V e r e d
299 (1966).

(7) A. G. Davies and W. R . Symes, ibid,, C, 1009 (1967).
(8) A. J .  Bloodworth, A. G. Davies, and S. C. Vasishtha, ibid., 1309 (12) R . C. Mehrotra and V. D. Gupta, J .  Organometal. Chem., 4, 145

(1967). (1966).
(9) A. G. Davies and P. G. Harrison, ibid., 1313 (1967). (lc )  R. K . Ingham, S. D. Rosenberg, and H. Gilman, Chem. Rev., 60, 459
(10) Bis (tributyltin) ethylene or propylene glycolate solution prepared (1960).

by heating ethylene or propylene carbonate with bis(tributyltin) oxide in (14) E . Amberger and M. Kula, Chem. Ber., 96, 2562 (1963).
toluene can be used as a starting material. Other preparation methods of (15) D. L. Ailleston and A. G. Davies, J .  Chem. Soc., 2050 (1962).
bis(trialkyltin) alkylene glycolates from glycols were also reported.'»-« (16) A. G. Davies, P. R . Palan, and S. C. Vasishtha, C hem .Ind. (London),

(11) J .  Loberth and M. Kula, Chem. Ber., 97, 3444 (1964). 229 (1967).
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by d istillation , suggesting th e  reversible insertion reac- __0  (— OSnBu3

tion  o f carbon disulfide to  th e  tin -o xy g en  bond (eq 5 ) . 1 \ __  I ;
(A) y C — S +  (A') *■

+CS2 ® — OSnBu3
Bu3SnO(CH2)5OSnBu3^ = t  Bu3Sn— SC(S)— 0(CH2)50SnBu3 2  ,

lg  ~ c & -  5

+ <5> r°\
cyclic thioncarbonate (4^ ^4 •* "*" (bu3Sn)2S (8)

g
T h e  sam e phenom ena w ere observed in th e  reactions 

of tr ib u ty ltin  derivatives of p inacol and of d iethylene
glycol. T a b l e  II

T h e  above reaction  (3 )  would be explained by  addi- U n sym m etrica l  S p ir o  Orth ocarbon ates

tion -elim in ation  m echanism s shown b y  eq 6  and 7. P r ep a r ed  b y  th e  R eaction  o f  C yclic  T h ioncarbonate w ith

T h e  form ation  of stab le  S n -S - S n  bond m ight be a  Bis (t r ib u t y l t in ) A l k y l e n e  G lyco la te  in  C hloroform

driving force in  th e  reaction  as in o th er desulfurization A in
reactions , 17- 19 and cyclization  assisted b y  coordination No. thioncarbonate BuinotuosnBu, ywd"% 
would be an im p ortan t facto r, because 2  was form ed n  \ o n  p h /c ti \ ,
only when carbon chain  length m  A  was from  two to  1 2  (CH. ) 2 (CH2)3 82 (6 b)
four. T h e  desulfurization reaction  to  give linear 1 3  (CH. ) 2 (C ll2)4 76 (6 c)
product did n o t occur a t  room  tem peratu re in th e  case 14 CH2CH(CH3) (CH2)3 86 (6 d)
of m ore th an  five-carbon chain  length or bulky glycol 15 CH2CH(CH3) (CH*)« 55 (6 e)
u n it in A.

E xperim ental Section

( OSnBu3 General.—Melting points and boiling points are uncorrected.
/1 . +cs-> Elementaly analyses were performed by the Analysis Center of
1 I -cs, Kyoto University. Ir and nmr (TMS as internal standard)

V__ 0SnBu were reeorded on JASCO Model IR-S spectrometer, and on
Japan Electron Optics Model JM N -M H 60 spectrometer, re- 

1 spectively. Mass spectra were obtained by Japan Electron Optics

rO. __ q Type JM S-OISG mass spectrometer. Vapor phase chromatog-
-(Bu,Sn),S I \  raphy was carried out by a Yanagimoto Type GCG-5DH

(A) (A) C = S  (6) chromatograph with a column of Apiezon.
J \ . ----------- , fa3t __ /  Materials.—All glycols and solvents were dried with sodium
'— Ov y  S—SnBU j ), 17 or calcium hydride and distilled before use. Tributyltin chloride,

y '  2  bis(tributyltin) oxide, and ethylene and propylene carbonates
\SnBu3 /  were commercially available and were distilled in vacuo.

v ^ Bis(tributyltin) Alkylene Glycolates (1). Method A.16—A mix­
ture of ethylene carbonate (0 .1 0  mol) and hexabutyldistannoxane

0 -----A (0.12 mol) in 60 ml of toluene was allowed to reflux for 5-15 hr
__q / Ov I I under nitrogen. A.fter evaporation of toluene and excess amounts

f  \  „ +1 I \  I I -(Hu,Sn),S of distannoxane, vacuum distillation gave a 92.5%  yield of bis-
(A) .C = S  ‘ ^  ® *” (tributyltin) ethylene glycolate (la ), bp 185-188° (0.3 mm), and

b_„/ I (X----------- \ a 5.5%  yield of 2-dibutylstanna-l,3-dioxolane, mp 223-224°
U Ov y  S—SnBu^t (lit .20 223-227°).21 Bis(tributyltin) 1,2-propylene glycolate was

2 r  /  also prepared by this method, yield 92%, bp 180-182° (0.1 mm).
Method B.—This is a modification of Kula14 and Davies’ 

methods.6'22 Disodium alkylene glycolate was obtained by re- 
„  fluxing a mixture of the glycol and 2  equiv of sodium metal in

f  /  ) toluene for 2-5 hr, followed by the reaction with 2 equiv of tri-
(A) C. (A) (7) butyltin chloride at the refluxing temperature. After dilution

[__  /  \  J with dry toluene, sodium chloride was separated by centrifuge,
O O and the solution was fractionally distilled. Yields and boiling

3 points of bis (tributyl tin) 1,3-propylene, 1,4-butylene, 2,3-
butylene, 2,3-dimethyl-2,3-butylene, 1,5-pentamethylene, and 

. . . . diethylene glycolates were 49, 46, 57, 35 ,50 , and 55%, and 195°
T h is  tw o-step  m echanism  in th e  form ation  of spiro (0 .1  mm), 2 1 2 ° (0 .1  mm), 195-204° (0 .1  mm), 199° (0 .1  mm),

orthocarbonates was confirm ed by  th e  fa c t th a t  th e  223° (0.1 mm), and 217-218° (0.1 mm), respectively,
reaction  of ethylene or propylene th ion carbon ate  w ith Reaction of B-.s(tributyltin) Ethylene Glycolate (la) with 
another bis (tr ib u ty ltin ) a lkylene g lycolate  in chloroform  ^ -B is ( t r ib u ty lt in )  ethylene glycolate (86 mmol) and CS,

, v “ ' ~ , - , . 1 (170 mmol) were allowed to react in nitrogen at room temperature
solution a t  room  tem peratu re afforded unsym m etrical f()r o.5 - 2  hr and distilled, giving 26% of bis(ethylene) ortho- 
spiro orthocarbonates in good yield, w here th ioncarbon - carbonate (3a) and 68.5%  of ethylene thioncarbonate (2a).
a te  acted  as a new typ e of accep tor m olecule for th e  ___________
addition of organotin  alkoxide, as w as shown b y  eq  8 .
T h e  resu lts are listed  in T a b le  I I .  (20) J. Pommier and J .  Valade, J . Organometal. Chem., 12 , 433 (1968).

(21) The stannadioxolane was formed during distillation.
(22) Distillation of the reaction product of trimethyltin chloride with

(17) K . Itoh, I. K. Lee, I .  Matsuda, S. Sakai, and Y. Ishii, Tetrahedron sodium methoxide gave a mixture of trimethyltin methoxide and trimethyl-
Lett., 2640 (1967). tin chloride,16 while pure bis (tributyltin) alkylene glycolates were obtained

(18) X . Itoh, Y. Fukumoto, and Y . Ishii, ibid., 3199 (1968). by the distillation of the reaction mixture of tributyltin chloride with diso-
(19) A. J .  Blood worth, A. G. Davies, and S. C. Vasishtha, J .  Chem. Soc., dium alkylene glycolate, because the boiling points of l a - l h  were much higher

C, 2640 fl968). than that of tributyltin chloride.
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3a: needle crystals, bp (subln) 60-70° (0.5 mm), mp (CC14) The distillation residue was diluted with «-hexane to precipi-
143.0-143.5°; ir (CC14) 1356, 1245, 1200, 1060 (strong), 1019, tate the polymer, which was separated by filtration and showed a
and 945 cm-1; nmr (CDC13) r 5.95 (s, 4, CH20 ) ; mass spectrum strong vc-o band at 1750 cm- 1  in the ir spectrum; t 5.83 (broad,
(30 eV) m /e  (relative intensity) 132 (92, molecular ion peak), 4, CH2- 0 )  and 8.24 (broad, 4, CH2CH20 )  in the nmr spectrum;
10 2  (1 0 0 ), 88 (8 6 ), 72 (89) 44 (91), and 30 (38). Anal. Calcd on the hydrolysis, 1,4-glycol and C 0 2 were formed, suggesting
for C5H80 4: 0 ,4 5 .4 6 ; H, 6.10. Found: 0 ,  45.46; H, 6.09. the polycarbonate structure of 4. The polymer yield was about

2 a: plate crystal; bp 99° (0.3 mm); mp (CHCI3-CCI4 45%.
1:10) 51-52°; ir (CHCh) 2985, 1375, 1155, 1015, and 955 cm-1; Evaporating «-hexane from the filtrate, bis(tributyltin) sulfide 
nmr (CHCI3) r 5.23 (s, 4, CH20 ) ;  mass spectrum (30 eV) m /e was obtained in 93%  yield, which was identified by the compari-
(relative intensity) 104 (100, molecular ion peak), 60 (85), and son of the ir spectrum with that of an authentic sample.
44(45). Anal. Calcd for C3H40 2S: C, 34.61; H, 3.87; S, 30.79. Reaction of Bis(tributyltin) 1,5-Pentamethylene Glycolate 
Found: C, 34.89; H, 3.91; S, 30.69. (lg) with CS2.—The glycolate lg reacted with excess CS2 at room

Reaction of Bis(tributyltin) 1,2-Propylene Glycolate (lb ) with temperature in nitrogen, and the ir spectrum of the reaction
CS2.—The glycolate lb (184 mmol) and CS2 (920 mmol) were mixture showed a band rc-s at 1200 cm-1, suggesting the for-
allowed to react in the same manner as mentioned above and mation of the xanthate structure 3. Thereafter the reaction
distilled, giving 75% of bis(l,2-propylene) orthocarbonate mixture was refluxed for 90 min, and its ir spectrum had no band
(3b): bp 73° (2  mm); ir (CHCI3) 1225, 1195, 1051, and 1030 assigned to cyclic or linear thioncarbonate. Vacuum distillation
cm-1; nmr (CC14) r 8.71 (d, 3, J  = 6 .6  Hz, CH3-C ), 5.5-6.7 of the product afforded lg in good yield.
(ABCX3 pattern, 3, OCH2CHO); molecular ion peak on mass Reaction of Bis(tributyltin) «.u-Diethylene Glycolate (lh) with 
spectrum (30 eV) m /e 160. Anal. Calcd for C7Hi20 4: 0 ,5 2 .4 9 ; CS2.—The glycolate lh was mixed with excess amounts of CS2
H, 7.55. Found: 0 ,5 2 .5 1 ; H, 7.56. High-vacuum distillation at room temperature in nitrogen and showed a i>c-s band at
of the residue gave 6 % of 1,2-propylene thioncarbonate (2b): 1190 cm- 1  in the ir spectrum and downfield shifts from t 6.21
bp 78° (0.1 mm); ir (CHCI3) 1485, 1355, 1295, 1175, and 988 (t, 4, / = 5.0 Hz, SnOCH.) and 6.57 (t, 4, J  =  5.0, CH2-
cm -‘; nmr (CHCls) r 8.43 (d, J  =  6.0 Hz, _CH3-C ), 4.9-5.85 OCH2) to 5.43 (broad, 4, SnSC(S)OCH2) and 6.19 (broad, 4,
(ABCX3 pattern, 3, OCH2CHO); molecular ion peak on mass CH2OCH2) in the nmr spectrum, suggesting the insertion reaction
spectrum (30 ev) m /e  118. Anal. Calcd for C4H60 2S: C, of CS2 into the S n -0  bond. Then the reaction mixture was
40.66; H, 5.12. Found: 0 ,4 1 .0 1 ; H, 5.27. refluxed for 1 hr and distilled; compound lh was recovered

Reaction in Toluene.—A mixture of 0.2 mol of propylene quantitatively, 
carbonate, 0.25 mol of hexabutyldistannoxane, and 100 ml of Reaction of Bis(tributyltin) 2 ,3-Dimethyl-2,3-butylene Glyco- 
dry toluene was refluxed for 10 hr with stirring; then an addi- late (Id) with CS2.—The glycolate Id was refluxed in excess
tional 100 ml of toluene and 1.05 mol of CS2 were added and the amounts of CS2 for 1 hr and distilled, giving the starting material
mixture was stirred for 1 hr, and 6 6 % of 2b and 25% of 3b were id only.
obtained by distillation. Preparation of Unsymmetrical Spiro Orthocarbonates.—Bis-

Reaction of Bis(tributyltin) 2,3-Butylene Glycolate (lc) with (tributyltin) alkylene glycolate and an equimolar amount (20 
CS2. The glycolate lc (41 mmol) and 200 mmol of CS2 were mmol) of ethylene or propylene thioncarbonate (dissolved in dry
allowed to react without, solvent in the same manner, as men- chloroform) were mixed at room temperature in dry nitrogen and
tioned above, giving 32%  of bis(2,3-butylene) orthocarbonate distilled to afford unsymmetrical spiro orthocarbonate.
(3c): bp 86  (3.5 mm): ir (CC14) 1380, 1200, 1080, and 1060 Ethylene 1,2-propylene orthocarbonate (6 a) was obtained in 
cm“1; nmr (CC14)23 t 8 .8 6  (d, 1 2  X  70%, J  = 6.1 Hz, cis- 61% yield from 2 a and lb : bp 87° (7 mm): ir (CC14) 2986,
CHaCH), 8.76 (d, 12 X 30%, J  = 6.1 Hz, fraras-CH3CH), 2906, 1230, 1197, 1053, 1023, and 945 cm -'; nmr (CC14) r 6.00
6.05-6.35 (m, 4 X  30%, irares-CH3CH), and 5.62-5.87 (m, (s, 4 , OCH2), 8.74 (d, 3, J  = 6.1 Hz, CH3CH), and 5.36-6.65
4 X 70%, cts-CH3CH); molecular ion peak on mass spectrum (m, 3 , CH2CHO). Anal. Calcd for C6H i0O4: C, 49.31; H,
(30 eV) m / e 188; the sample was not analytically pure.24 6.90. Found: 0 ,4 9 .3 0 ; H, 6.80.

Further distillation of the residue gave 0 6 % of 2c: bp 115° Ethylene 1,3-propylene orthocarbonate (6 b) was prepared in
(3 mm); ir (CC14) 1460, 1320, 1280, 1185, 1135, 1060, and 913 82% yield from 2 a and le : bp 6 8 ° (1.0 mm); ir (CHCh) 1155,
cm 4; nmr (CC14) t 8.56 (d, 6  X  70%, J  = 6.3 Hz, ci's-CH3CH), 1080, 1028, 948, and 927 cm -1; nmr (CC14) r 6.04 (s, 4, OCH2),
8.46 (d, 6 X 30%, J  = 6.3 Hz, fra«s-CH3CH), ca. 5.35 (m, 2 X 6.02 (t, 4, / = 6.0 Hz, 0CH 2CH2CH20 ) ,  and 8.32 (quintet, 2,
30% , ¿ra«s-CH3CH), and 4.75-5.00 (m, 2 X  70%, ws-CH3CH); jr = 6.0 Hz, 0CH 2CH2CH20 ) .  Anal. Calcd for C6HI0O4:
molecular ion peak on mass spectrum (30 eV) m /e  132. Anal. C, 49.31; H, 6.90. Found: C, 49.01; H, 7.00.
Calcd for C5H8O2S: C, 45.43; H, 6.10. Found: C, 45.70; H, Ethylene 1,4-butylene orthocarbonate (6 c) was prepared in
6 -39- . 76% yield from 2 a and If: bp 76-77° (2.5 mm); ir (CC14)

Reaction of Bis (tributyltin) 1,3-Propylene Glycolate (le) with 2964, 2904, 1190, 1080, 994, and 945 cm“1; nmr (CC14) r 6.04
CS2.—The glycolate le (49 mmol) was allowed to react with (s, 4, OCH2), 6.27 (broad, 4, OCH2CH2), and 8.34 (broad, 4,
CS2 (200 mmol), giving only one product, bis(l,3-propylene) OCH2CH2). Anal. Calcd for C7H120 4: ' C, 52.49; H, 7.55.
orthocarbonate (3e): 65% ; bp (subln) 90° (0.06 mm); mp Found: C, 52.60; H, 7.71.
(n-hexane) 132—133 , ir (CHC13) 1145, 1120, 1100, and 915 1,2-Propylene 1,3-propylene orthocarbonate (6 d) was obtained
cm '; nmr (CHC13) r 5.97 (t, 8, J  = 5.4 Hz, CH20 )  and 8.24 in 8 6 % yield from 2b and le : bp 70° (5 mm); ir (CC14) 2964,
(q, 4, J  =  5.4 Hz, CH2CH20 ) ;  parent peak on mass spectrum 2884, 1210 1160, 1075, 1042, and 930 cm "1; nmr (CC14) r  8.72
(3o eV) m /e  160. Anal. Calcd for C7H120 4: C, 52.49; H, (d, 3, J  = 6.1 Hz, CHSCH) 8.34 (quintet, 2, J  = 6.1 Hz,
7.5o. Found: C, o2.58; H 7.44. CH2CH2CH2), 5.98 (t, 4, J  = 6.1 Hz, OCH2CH2), and 5.48-

Reaction of Brs tributyltin) 1,4-Butylene Glycolate (If) with 6.59 (ABCXS pattern, 3, OCH2CHO). Anal. Calcd for C,HI20 4:
Cb2— Carbon disulfide (198 mmol) and If (46 mmol) were mixed, C, 52.48; If, 7.55. Found: C, 52.46; H 7.69.
and distillation, at first, gave a trace of tetrahydrofuran in a cold ’ 1,2-Propylene 1,4-butylene orthocarbonate (6 e) was prepared 
trap, which was detected by the comparisons of the ir and vpc in 5 5 % yield from 2 b and If: bp 83° (2.7 mm); ir (CC14) 2965,
with the authentic sample; thereafter bis(l,4-butylene) ortho- 1 1 3 5 , 1075, and 1005 cm“1; nmr (CC14) r 8.75 (d, 3, J  = 6.2
carbonate (3f) was isolated by vacuum distillation. Hz, CH3C), 8.35 (broad, 4, OCH2CH2C), 6.30 (broad, 4,
mo Y Y Y  Y L  (° Y  T  (" -h™ )  OCH2CH2C), and 5.67-6.67 (ABCX3 pattern, 3, OCH2CHO).

« Y« ? a n n k  n u 'V  Y \V Y °’ T Y Y Y r Y r Y  nmr,(CC, AnaL Calcd for C8H140 4: C, 55.16; H, 8.10. Found: C,r 6.38 (m, 8 , OCH2CH2) and 8.40 (m, 8 , OCH2CH2); molecular 55.46; H, 8.31.
ion peak on mass spectrum (35 eV) m /e  188. Anal. Calcd for
C9H160 4: C, 57.43; H, 8.59. Found: C, 57.23; H, 8.60.

-----------------  R egistry  N o .—C arbon disulfide, 7 5 -1 5 -0 ; l c ,  24471-
9 2 -9 ; Id , 2 4 4 7 1 -93 -0 ; le ,  24 4 7 1 -9 0 -7 ; If , 24471 -91 -8 ;

(23) The mixed 2,3-butylene glycol (erythro:threo = 7 :3 ) was used in the u  9 4 4 7 1  Q4 1 .  l k  9 4 4 7 1  QK 9 .  9 0 0 9 8  KO c .  o k
preparation of lc , form which a mixture of cts- and trans-2,3-butylene thion- 1 QQflQ oft n * *. J 1 J 1
carbonate (2c) or spiro orthocarbonate 3c was formed, giving a complex nmr 1 3 3 0 3 - 2 6 - 9 ;  2c, 2 4 4 7 1 - 9 8 - 5 ;  3ci,  2 4 4 7 1 - 9 9 - 6 ;  3b,
sPeotrum- 2 4 4 7 2 - 0 0 - 2 ;  3c, 2 4 4 7 2 - 0 1 - 3 ;  3e, 2 4 4 7 2 - 0 2 - 4 ;  3f,

(24) A weak band of carbonate at 1820 cm 1 was observed, as a spiro 9 4 4 7 9  nQ i .  /cQ 9/1/179 0/1 « .  A h 01/070  n c  7  f.
orthocarbonate having a tertiary alkoxyl group was found to be decomposed 4 4 4 / 4 - U o -D , 0 3 ,  4 4 4 / 4 U 4 - 0 ,  OD, 4 4 4 / Z -U O -/ , OC,
to cyclic carbonate and epoxide. 2 4 4 7 2 - 0 6 - 8 ;  6d , 2 4 4 7 2 - 0 7 - 9 ;  6 e , 2 4 4 7 2 - 0 8 - 0 .
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Enol Esters. X I I . 1 C-Acylations with Enol Esters

E dward S. R othman and Gordon G. M oore
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Isopropenyl esters under conditions of aluminum chloride catalysis provide a simple method of preparation 
of /3-keto aldehydes and symmetrical 5 diketones. For example, isopropenyl stearate gives distearoylmethane.
Under mild conditions vinyl stearate gives the /3-keto aldehyde 3-oxoeicosanal. but on longer heating distearoyl­
methane results. With aromatic systems, isopropenyl stearate gives typical Friedel-Crafts acylation products in 
good yields. Palmitoyl chloride with aluminum chloride converts ethyl acetoacetate to ethyl palmitoacetate 
and ethyl dipalmitoacetate.

W e have dem onstrated in previous publications the Aluminum chloride catalysis also enabled I to a ttack  
usefulness of long-chain fa tty  acid enol ester deriva- isolated olefinic bonds but gave low yields (3 5 % ) of
tives in various types of chem ical syntheses such as the a,/3-unsaturated ketone. An interesting by-product,
acylation of OH, N H 2 , R C O N H R , H al-H , SH , and mp 7 7 ° , always accom panied the ketone, and, instead
SO2N H R  groups,3 4 and also the form ation of cyclic of pursuing the unsatisfactory  olefinic ketone, we gave
derivatives from  alkylketene self-condensations.5 In  our atten tion  to  the crystalline by-product. T he by-
the present paper we wish to  report the further utility  product was obtained from  several different olefin acyl-
of such enol esters (as exemplified by ispropenyl stear- ation reactions so th a t we concluded th a t  it arose solely
ate  and vinyl stearate) in carrying out acylations where- from  I. T h e compound showed unusual carbonyl
in the acyl group becomes attach ed  to  carbon. As a  absorption in the infrared in chloroform  solution in the
result of our experiences with enol esters, we m ight sum - region where carbon disulfide is opaque. These bands
marize by stating th a t isopropenyl stearate  (I ) , in are characteristic of ¡3 diketones, and elem ental analy-
general, resembles stearoyl chloride in its reactions b u t sis, the nm r singlet a t  5 .58  ppm, strong ultraviolet ab-
bears little chem ical resem blance6 to its homolog, vinyl sorption in isooctane a t  27 4  mp. (E  10 ,000), together
stearate. F o r  exam ple, isopropenyl esters are acy la t- with the ability to  form  colored copper chelate com­
ing agents whereas vinyl esters are n ot; compound I  plexes all led to the form ulation of the side-reaction
stearoylates succinimide a t  170° whereas the vinyl product as th a t of a  diacylm ethane.
homolog is to tally  inert under identical conditions. B y  w ay of confirm ation, it was found th a t solutions 
W e do, however, rep ort here th a t under conditions of of isopropenyl esters in hexane in the absence of olefins
aluminum chloride catalysis both isopropenyl and vinyl on treatm en t with 0 .25  to  1.0 mol of alum inum  chloride
esters behave alike to form  diacylm ethanes (i.e., 3  also gave, after work-up with dilute acid, distearoyl-
diketones). m ethane8 in typically  7 5 %  yield, eq 3. In  view of the

In  studying C -acylations we allowed the anion of 
diethyl m alonate to react w ith I  and obtained the C - O CH2 O O

stearoylated product shown in eq 1. 2 C„H J - O - C 7  ^  (C„H35C)2CH2 +  (CH3C)2CH2
x /o\

COOEt O r u  NCH3

HC Cj7H3j ^  O *" fact th a t vinyl esters, as mentioned before, usually take
¿OOEt CH3 reaction p ath s different6 from  those of the isopropenyl

esters, we were interested to  see w hat their behavior 
? 0 0 E t tow ard aluminum chloride would be. W e found th a t

j j__^__ Cq__ q +  O— C (1) th® nature of the reaction  product was strongly con-
| 1' 30 \  trolled by the length of reaction tim e. In  a short reac-
COOEt CH3

O O
T he versatility  of I  was further dem onstrated by its „  „  Jl n m i m i  Alc â n u  A nxi n u n  u  \. . . . . .  1 j 1 , /» . 1 . O 17XI35U---AJ---U l l ----U xl2 ----- ^  O 17H 35U -O.tl.2O .llU  \‘k)

ability to acy la te  benzene to iorm  stearophenone in
good yield in sharp con trast to satu rated  esters which tion ti the product obtained was the expected 0.
do not7 ordinarily succeed in the F ried el-C rafts  reac- ketoaldeh y d e ,  eq 4 .  hoWever, on som ew hat longer re-
t io n (e q 2 ).

(8) Two preliminary communications have been submitted concerning

0
. 1r,t X X  p n __ P  IT 0 dicarbonyl compounds: (a) E . S. Rothman and G. G. Moore, Tetrahedron

+  I  ■ A1-C- W  [ O f C 0  ° 1?H35 (2 )  Lett., 2553 (1969); (b) ref 1.

(9) The (i-keto aldehydes are stable compounds in the protected copper
.________________  chelate form, but after removal of the metal atom (with dilute acid) are

(1) For the previous paper in this series see E . S. Rothman, G. G. Moore, sensitive to chromatography on silica gel and Florisil. An intense red colora-
and A. N. Speca, Tetrahedron Lett., 5205 (1969). tion quickly develops and rechromatography leads to the isolation of three

(2) Agricultural Research Service, U. S. Department of Agriculture. products: (a) white, mp 86-87°; (b) yellow, mp 72-72.7°; (c) red, un-
(3) E . S. Rothman, S. Serota, and D. Swern, J .  Org. Chem., 29, 646 (1964). stable. The first two appear to be aldol and bisaldol products; the third
(4) E . S. Rothman, G. G. Moore, and S. Serota, ibid., 34, 2486 (1969). shows aromatic bands in the nmr. These same products are encountered
(5) E . S. Rothman, J .  Amer. Oil Chem. Sac,, 48, 189 (1968). in the preparation of 0-keto aldehydes by the published methods10* involving
(6) E . S. Rothman, S. Serota, T . Perlstein, and D. Swern, J .  Org. Chem., the condensation of alkyl methyl ketones with ethyl formate using sodium 

27 3123 (1962). metal catalyst.
(7) P. H. Gore in “Friedel-Crafts and Related Reactions,” Vol. I l l ,  (10) (a) V. Prelog, O. Metzler, and O. Jeger, Helv. Chim. Acta, 30, 681

Part I, G. A. Olah, Ed., Interscience Publishers, Inc., New York, N. Y ., (1947); T. Kosuge, Japanese Patent 2171 (1954); Chem. Abstr., 49, F14800/,
1964 p 34 (1955). (b) Cf. A. Sieglitz and O. Horn, Chem. Ber., 84, 607 (1951).
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fluxing, the product isolated was exclusively the same 3,4-Dimethylstearophenone.—In like manner o-xylene gave a
/3 diketone obtainable from the isopropenyl ester. 66% yield of ketone: mp 51.0-51.5°, ir (CS2) 685 cm -1  (C = 0 ) .

Under conditions of aluminum chloride catalysis we 83 96° H 12  0 7  ° ' 26 " ’ 83-80  ’ H, 11.90. Found. C,
have obtained interesting reactions with acetoacetic 8,10-Dioxoheptadecane (Dioctanoylmethane). Procedure A. 
ester-palm itoyl chloride mixture. Th e  two products —Isopropenyl octanoate, bp 65° (8 mm) (prepared by the sul- 
isolated are palmitoacetic ester and dipalmitoacetic fur'c acld catalyzed exchange reaction between octanoic acid and
ester, eq 5. Th e  former forms a blue-green copper isopropenyl acetate)6 (18.4 g O.i mol), in 60 ml of olefin-free

hexane, was heated with a total of 14.3 g (0.11 mol) of aluminum 
chloride delivered in three equal portions at 5-min intervals. 

„ „ „ „  m n r  „  „  A l c *3 The mildly exothermic reaction mixture was cooled to maintain
om^ULUhi^UURt U15H31UUUI >■ near room temperature. After 1 hr, the mixture was poured into

Ci5H3iCOCH2COOEt +  C15H31CO—CH—COOEt (5) dilute hydrochloric acid-methylene chloride mixture. The
I separated, washed, and dried (sodium sulfate) organic layer was
yO evaporated to a small volume and chromatographed on Florisil
i  tt *° give a pale yellow oil freezing to a solid in the refrigerator.

15 31 Recrystallization from pentane in t.he cold gave a 70% yield of
colorless plates: mp 20-21°; uv 274 m/r (E  11,000) (isooctane); 

chelate and the la tte r  a  lilac-colored copper chelate. nmr 5.58, 3.56 ppm.
In  occasional runs sm all am ounts of dipalm itoylm eth- Anal. Calcd for Ci7H320 2: C, 76.06; H, 12.02; mol wt, 
ane were detected, presum ably arising from  hydro- * 5 ' * ^  g/ mwnwn°x4 dj  1 H ’ n :92; ? \ o1 wt’
ly tic decarboxylation of dipahm toacetic ester. Copper Chelate D erivative.-H ot solutions in ethanol of

Since these d ata, in p articu lar those giving vinyl curpic acetate and the dione were combined and let cool to 
ester product change with tim e, show th a t acyl inter- deposit pale blue fibrous needles, mp 108.2-109.5°. Recrystal-
change can occur, one is alerted to  the possibility, lization from ethanol gave the analytical sample: mp 1 1 0 .2-

am ong o th ers,10b th a t the form ation of distearoylm ethane “ S .  ’ c T d  i l r V X o ^ u f 5  ' i R  10S ! "  Found:
irom  the alum inum chloride catalyzed reaction of iso- c ,  68.27; H, 10.42.
propenyl stearate m ay occur v ia  quasi-Fries rearrange- 18,20-Dioxoheptatriacontane (Distearoylmethane). Procedure
ment of isopropenyl stearate to form acetyl stearoyl- —Isopropenyl stearate (19 g, 0.059 mol) in 25 ml of hexane,
methane as the proximate product which subsequently wa"s .treated whh 8.5 g (0.06 mol) of aluminum chloride. After

__ stirring at 40 for 0.5 hr the mixture was worked up as above
IS converted to distearoylm ethane. (occasional emulsion problems were corrected by methanol).

The product is exceedingly insoluble in methanol. Crystalliza-
Uvnorimoniol c orf:„ „  tion from hexane and from ether gave a 65% yield of the diketone:
.nxpenm entai s e c tio n  mp 7 7 .3 _7 7 .go_ lit.u mp 7 5_76°; uv 2 7 3  mM IE  1 2 ,0 0 0 ) (iso-

Diethyl 2-Stearoylmalonate.— To 8 g of diethyl malonate in octane); ir 6.24 n (CHC13); nmr 3.54, 5.41 ppm. When only
150 ml of toluene was added 1.15 g of finely divided sodium. ° ’ 2 5  m o1 of alummum chloride was used, the yield was 50%.
After the sodium reacted, 16.2 g of isopropenyl stearate was Anal. Calcd for C3tH720 2. C, 80.95; H, 13.22; mol wt, 548. 
added and the mixture refluxed for 2 .5  hr. The cooled mixture Found: , c - 8 0 -93; H, 13.28; mol wt, 516 (thermistor, CHCI3). 
was shaken with 4.5 ml of hydrochloric acid, the sodium chloride dioxime melted at 92.5-93.5° (lit.14 mp 90-92°).
removed by filtration, and the toluene removed by evaporation Copper Chelate Derivative.— Hot solutions of aqueous cupric
in vacuo. The residue was dissolved in pentane, 1.3 g of stearic chloride and of the 0 diketone in ethanol were mixed, the pH was
acid (insoluble) was removed by filtration, and the filtrate was adjusted to about 7 with potassium carbonate, and the solution
chromatographed on a 45 X 4 cm silica gel column. Elution was all°wed to cool to deposit lilac crystals of the chelate,
with pentane removed traces of toluene and unreacted isopropenyl These, separated and recrystallized from benzene and from chloro-
stearate. Elution with 2-20%  methylene chloride in pentane form, melted at 113.2-114.3 .
washed out 3.12 g of ethyl stearate. The product was eluted by Anal. Calcd for C74H142O4C11: C, 76.65; H, 12.35. Found:
30-50%  methylene chloride in pentane. (Further elution with "6.99; H, 12.31.
methylene chloride removed an additional 1.4 g of stearic acid.) 16,18-Dioxotritriacontane (Dipalmitoylmethane).— In an
The product, recrystallized from ethanol, melted from 55.5 to analogous manner (procedure B ), isopropenyl palmitate gave 
56.5°: ir 1758, 1721 to 1737 broad doublet cm“ 1 (CS2); uv 245 dipalmitoylmethane, mp 71.8-72.1°.
mM (F  6550) (ethanol), 272 mM (E  18,800) (ethanol containing AnaL  Calcd for C33H640 2: C, 80.40; H, 13.11. Found: C,
sodium hydroxide) (C-alkylation). 80.33; H, 13.50.

Anal. Calcd for G>5H460 6: C, 70.38; H, 10.89. Found- C The C0PPer chelate had mP 113.2-114.3°, lilac color.
70.60; H, 10.88. ’ A nal■ Calcd for C66H,260 4Cu: C, 75.67; H, 12.15. Found:

Stearophenone from Isopropenyl Stearate.—Benzene ( 1 2  g, C, 75.50; H, 12.00.
0.15 mol), aluminum chloride (5 .3  g, 0.04 formula wt), and iso- . 12,14-Dioxopentacosane (Dilauroylmethane).— Analogously,
propenyl stearate (6.48 g, 0.02 mol) were refluxed together for 10  isopropenyl laurate gave dilauroylmethane, mp 53° (lit.15 mp
min. The cooled mixture was poured onto iced dilute hydro- ^  ^ copper chelate mp 110° (lit.16 mp 102—104°).
chloric acid, and the ketone was isolated by extraction with Reaction of Vinyl Alkanoate with Aluminum Chloride to Form
ether. The residue, recrystallized from ether, gave 4.14 g (60%) d-Keto Aldehyde. Procedure C. 3-Oxoeicosanal.— Vinyl
of stearophenone, mp 62.5-63.5°, identical with an authentic stearate (15.45 g, 0.05 mol) in 50 ml of olefin-free hexane was
sample.11 heated with 6.7 g (0.05) of anhydrous aluminum chloride added

4-Methylstearophenone.—To toluene (6 .5  g, 0.079 mol) and in one portion. The mixture was then brought to reflux tempera-
aluminum chloride (3.3 g, 0.024 formula wt) was added 3.0 g ture, held there for 20 min, cooled, and poured into methylene
(0.0093 mol) of isopropenyl stearate. After 5 min of reflux and chloride-iced dilute hydrochloric acid mixture. The organic
work-up as described just above, 2.65 g (83%) of 4-methylstearo- layeT was separated, dried (sodium sulfate), and evaporated
phenone, mp 67-67.7° (lit .12 mp 67°), was obtained. under nitrogen to give 10.5 g (6 8 % ) of a crystalline residue of

2,4-Dimethylstearophenone.—m-Xylene (9 .5  g , 0.090 mol), crude keto aldehyde, mp 42-47°. Recrystallization from ethanol 
aluminum chloride (2.66 g, 0.02 formula wt), and 3.24 g of iso- gave erratlc results. The analytical sample, recrystallized from
propenyl stearate (0 .0 1  mol) were stirred together at 30° for 10  pentane, melted at 60-61°: uv 269 m^ 269 rim (E  6000) (iso-
min, refluxed for 10 min, and worked up as the above examples. octane); ir 1630, 1590, 1459, 1087 (CHC13); ir 720, 769 (CS2);
Recrystallization from ethanol gave 2.35 g (63%) of ketone mp nmr 5 -4 5  PPm doublet ( J  =  4-5 Hz), 7.89 ppm doublet ( J  =  4.5
45.5-46.5° (lit.13 mp 39°). Hz) (enols).

-  r n J , , «  „ (14) R. Toubiana, C. R. Acad. Sri., Paris. 248, 247 (1959); R. Toubiana
(11) F . L. Breusch and M. Oguzer, Chem. Ber., 87, 1225 (1954). and J .  Asselineau, Ann. Chim. (Paris), 7, 593 (1962)
(12 F. Krafft, ibid.. 21, 2268 (1888). (1E) A. Sieglitz and O. Horn, Chem. Ber.. 84, 607 (1951).
(13) A. Claus and H. Haefelm, J .  Prakt. Chem., [2] 54, 391 (1896). (16) B. Helferich and H. Roster, ibid.. 56, 2090 (1923).
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Anal. CalcdforC2oH38C>2: C, 77.36; H, 12.34; mol wt, 310..5. 16,18-Dioxotritriacontane (Dipalmitoylmethane).—In a manner
Found: C, 76.60; H, 12.48; mol wt, 314 (thermistor). analogous to the above (procedure D ) vinyl palmitate was con-

Copper Chelate.—Hot aqueous cupric acetate and an ethanollc verted to dipalmitoyl methane, 
solution of the keto aldehyde were combined and cooled to de- 12,14-Dioxopentacosane (Dilauroylmethane).—In a manner 
posit blue-green crystals of the chelate: mp 128-129°; uv 245 him analogous to the above, vinyl laurate was converted to dilauroyl- 
(E  7300), 302 (8900); ir, 1585, 1498, 1445, 1350 cm“ 1 (CHC13). methane.

Anal. Calcd for C40H74O4Cu: C, 70.39; H, 10.93. Found: Ethyl Palmitoacetate and Ethyl Dipalmitoacetate.—Aceto-
C, 70.53; H, 10.94. acetic ester (3.6 ml, 0.028 mol) and 7.62 g of palmitoyl chloride

Dechelation.—A solution of the chelate in warm chloroform (0.028 mol) in 50 ml of olefin-free hexane were treated with 3.7
was shaken with 0.1 N  hydrochloric acid, and the chloroform g (0.028 formula wt) of aluminum chloride added in one portion,
layer was washed with water, dried (sodium sulfate), and The pasty mixture was warmed for 2 hr at 70° during which time
evaporated to yield a residue of the free keto aldehyde identical all solids dissolved. The mixture was cooled, poured into iced
in properties with the sample described above. dilute hydrochloric acid, and extracted into ether. A little

3-Oxooctadecanal.—By a method analogous to procedure C, ethanol was used to break emulsions. The organic layer was
vinyl palmitate was converted to the C-18 3-keto aldehyde: mp dried (sodium sulfate), solvents were removed, and the product
51.5- 52.2° (lit.10 mp 47°); ir and uv very like those of the C-20 was chromatographed on Florisil. The first pentane eluates con-
compound; copper chelate, mp 125-126.5°. tained l.g  of dipalmitoylacetic ester purified by recrystallization

3-Oxotetradecanal.—By a method analogous to procedure C, of the copper chelate from ethanol: mp 91.9-92.3°; uv 297 him
vinyl laurate was converted to the C-14 3-keto aldehyde: mp (E  26,000), 241 (18,000).
32.5- 33.0°; ir and uv very similar to those of the C-18 and C-20 Anal. Calcd for GraHmOsCu: C, 72.58; H, 11.34. Found: 
homologs. The pure crystalline compound was not stable to C, 72.88; H, 11.34.
storage. Dechelation with hydrochloric acid gave the free dipalmitoyl-

The copper chelate had mp 126.8-127.4°. acetic ester, mp 42-43°, uv 280 m/x (E  92000) (EtOH). Further
Anal. Calcd for C28H5o04Cu: C, 65.38; H, 9.82. Found: C, elution of the column with methylene chloride gave palmito-

65.38; H, 9.81. acetic ester which, after recrystallization from hexane, melted
Reaction of Vinyl Alkanoate with Aluminum Chloride to Form from 38.7 to 39.2°, copper chelate mp 112-114° (lit.16 mp

ß Diketones. Procedure D. 18,20-Dioxoheptatriacontane (Di- 37-38 and 111°, respectively), 
stearoylmethane).—Vinyl stearate (23.4 g, 0.075 mol) in 200 ml
of olefin-free hexane was treated with 10.15 g (0.075 mol) of alu- R eg istry  N o .— I , 6 1 3 6 -8 9 -6 ; v in y l s te a ra te , 1 1 1 -6 3 -7 ;
minum chloride, and the mixture was refluxed for 2 hr, cooled, d ieth y l 2 -s te a ro y lm a lo n a te , 2 4 5 1 4 -8 2 -7 ; 3 ,4 -d im e th y l-

residue weighed 8.5 g and more. material (10 g) was recovered 24514 -84 -9 , copper chelate oi 8,10-d.ioxoheptadecane,
from the aqueous acid by methylene chloride-ether extraction. 24523-20-4 ; 18,20-dioxoheptatriacontane, 24514 -85 -0 ;

The residues were combined, dissolved in hot 95%  ethanol, and copper chelate of 18 ,20-d ioxoheptatriacontane, 24515-
treated with an excess of hot aqucous curpic acetate to deposit gg.g 1 6 ,18-d i0x o tritr iaco n tan e> 2 4 5 1 4 -8 6 -1 ; copper
a 73% yield of the lilac chelate identical with the preparation , , * o j * ± • ± c>aki r on n o
described above. [Where mixtures of the keto aldehyde and ch elate  of 16,18-dlO XO tntnacontane, 24515 -39 -7 ; 3 -
diketone were obtained as, for example, in intermediate reaction oxoeicosanal, 24514 -87 -2 ; copper chelate of 3-OXOei-
times (compare procedures C and D), separation was effected by cosanal, 2 4 5 1 5 -4 0 -0 ; 3 -oxotetrad ecanal, 24514 -88 -3 ;
chromatography of the mixed chelates on Florisil. Elution with copper chelate of 3 -oxotetrad ecanal, 2 4 5 15 -41 -1 ; e th y l

Ü S T m Ä  b*. ' Z T . u i t  S t f t S  d ipalm itoacetate, 24514 -89 -4 ; copper ch elate  ot ethyl
Additional chelated keto aldehyde was eluted with chloroform.] d ip alm itoacetate , 24515-42-2 .

Insertion of Ethylene Oxide into the Carbon-Chlorine Bond of Benzyl Chloride

I sao I keda , T oktjji T akeda , and Saburo K omori

Department o f Applied Chemistry, Faculty o f Engineering,
Osaka University, Yamadakami, Suita City, Osaka, Japan

Received May 10, 1969

The synthesis of 0-chloroethyl benzyl ethers from benzyl chlorides and ethylene oxide is described. Benzyl 
chlorides rapidly polymerize, releasing hydrogen chloride, in the presence of Friedel—Crafts catalysts or metal 
oxides. The chlorides, however, give only small quantities of polymer when N,N-dimethylformamide, N,N-di- 
methylacetamide, or acetonitrile is added to the system, and d-chloroethyl benzyl ethers can be prepared by add­
ing ethylene oxide to the mixture. The reaction mechanism is discussed.

There are several reports describing the insertion hand, it has been reported th a t benzyl halides easily
reactions of epoxides into the carbon-chlorine bond.1- 5 polymerize in the presence of Fried el-C rafts  catalysts
R ecently , K lam ann and coworkers have shown th a t or certain  m etal oxides.7’8
tetraethylam m onium  bromide and m etallic copper are W e have now shown th a t the presence of certain  
excellent catalysts for this reaction .9 On the other solvents in a zinc chloride-benzyl chloride-ethylene

oxide system depresses the condensation-polymeriza- 
(i) h . Hoff, u .s.P aten t2,241,200 (1940). tion reacti0n of benzyl chloride and permits the in­

(1962) sertion of ethylene oxide into the carbon-chlorine bond
O) b . a . Arbuzov and o. N. Nuretdinova, Bull. Acad. Sci. USSR, Div. to form /3-chloroethyl benzyl ethers. T h is  dramatic

chem . sd., 783 (1963). T „  ,, solvent effect is observed when N ,N -dim ethyl-
(4) P. Weyerstahl, D. Klamann, C. Finger, F. Nerdel, and J. Buddrus,

C h em . B e r .,  100, 1858 (1967). , , , , ^  TJ. __ , ,  ^
(5) U. Beyer, F . H. Müller, and H. Ringsdorf, M a k ro m o l.  C hem ., 101, (7) W. C. Overhults and A. D. Ketley, M a k ro m o l.  C h e m ., 95, 143

74) 1967). (1966).
(6) D Klamann P. Weyerstahl, and F . Nerdel, Ann. Chem., 710, 59 (8) D. B . V. Parker, W. G. Davies, and K. D. South, J .  Chem. Sac., B,

(1967). ' 471 (1967>’
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V 60 -  \ BZOC2H4CI

\  *  \ ^ \
2  20 - / Vecovered o V

l  N . BzCI 2  A  recovered

0  \z__r — ; 20 - /\>°
0  1 0  2 0  /

ZnClz (wt%) p L J  1 1 ?
100  120 140 160

Figure 1.—Variation of generated BZOC2H4CI and recovered op
BzCI vs. ZnCk amount. Reaction conditions: BzCI; 4.0 g of
DMA; 2.0 g of EO; 50-55 ml/min, 140°, 1 hr. Bz =  C6H5CH2- ,  Figure 3.—Variation of generated BzOCARCl and recovered 
DMA = N,N-drmethylacetamide,EO = ethylene oxide. BzCI vs. temperature. Reaction conditions: BzCI; 4.0 g of

DMA; 2 .0 gofZnCl2j 0 .4gofE O ; 50-55 ml/min, 1 hr.

6 0  -  o^ _0— ____BzOC2H4CI
0/ °  '  used, the yield of both /3-chloroethyl benzyl ether and

/ n . the recovery of benzyl group9 decrease owing to  con-
densation polymerization.

® 0 0  Solvent.-—N ,N -D im ethylacetam ide, N ,N -d im ethyl-
2  2 0  \ recovered BzCI _ ________„ formamide, acetonitrile, dim ethyl sulfoxide, n itro-

\  0  benzene, nitrom ethane, and nitroethane wTere exam ined.
o - ° — ° W hen either N ,N -dim ethylacetam ide, N ,N -d im ethyl-

0  — — — -1------------ 1------------- 1________ i 1 formamide, or acetonitrile was used, the insertion re-
0  5 0  100 150 2 0 0  2 5 0  action occured. W ith out the solvent, however, a

DMA (wt%) glassy polym er is obtained on heating the m ixture
Figure 2 .—Variation of generated BZOC2H4CI and recovered with or w ithout ethylene oxide. T h e yield of /3-chloro-

BzCl vs. DMA. Reaction conditions: BzCI; 4.0 g of ZnCl2; ethyl benzyl ether under optim um  conditions increases
0.4 g of EO; 50-55 ml/min, 140°, 1 hr. in the following order, acetonitrile <  N ,N -d im ethyl-

form am ide <  N ,N -dim ethylacetam ide, with N ,N -d i- 
formamide, N ,N -dim ethylacetam ide, or acetonitrile is m ethylacetam ide giving the least by-product, 
used. U nder the sam e reaction conditions as in T ab le I,

the results in Table I I  are obtained.
Results and D iscussion

In the reaction of ethylene oxide and benzyl chlorides, T a b l e  I I

condensation of benzyl chlorides, formation of ethylene I n s e r t io n  R e a c t io n  in  S e a l e d - T u b e  R e a c t io n «
chlorohydrin, or complicated reactions with solvent Yield of
m ay occur. The various factors affecting this reaction c .h sc h ,0CsB i0i,
were studied. . Solvent mo1 %

Catalysts.— Several Friedel-Crafts type catalysts cetonUri e 7.6
were compared with each other using benzyl chloride N,N-Dimethylacetamide 14 0

m  sealed-tube reactions. Th e  results are shown in  « Reaction conditions: same as in Table I.
I  able I . Zinc chloride and cupric chloride give the  
highest yields.

Nitroalkanes, though effective solvents in  Friede l-  
T able  1 Crafts reactions, give no insertion product. T h is  may

I n s e r t io n  o f  E t h y l e n e  O x id e  in t o  B e n z y l  C h l o r id e “ be attributed to the poor solubility of the catalyst.
Recovered D im ethyl sulfoxide gives various by-products b u t not

„ . , , benzyl°1t ‘°ride> the desired product.
A\Ck Trace 100 C0nversi011 benzyl chloride, the recovery  of
FeCb 5 .2  81 benzyl group, and the yield of /S-chloroethyl benzyl
SnCl4 Trace 81 ether were also determ ined vs. the am ount of N ,N -d i-
BiCb 3 .7  5 4  m ethylacetam ide. As shown in Figu re 2, use of
ZnCl2 14.7 33 5 0 -7 0  w t %  N ,N -dim ethylacetam ide to benzyl chloride
CuClj 11.0 63 gives the m axim um  yield of /J-chloroethyl benzyl
CuCb6 6 .3  53 ether. W ith  m ore solvent, the recovery of benzyl

° Reaction conditions: catalyst, 0.001 mol; N,N-dimethyl- group as well as the yield of the ether decreases 
acetamide, 0.0i mol; benzyl chloride, o oi mol; ethylene oxide, R eaction  T e m p e ra tu re .-A s  shown in Figu re 3, the

reaction  starts  a t  about 100 , and a t  140° the m axim um
. , . -pi. , . . , ,  . ,  . , yield is obtained.

As shown in Figure 1, when zinc chloride is used as
the ca ta lyst (5 w t %  based on benzyl chloride), the
maximum yield is 63 mol %). W hen more catalyst is SUmmati°n "
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W ater.10—The presence of water causes the forma- 60  h>.
tion of the by-product polyethylene glycol. More- / __ BZOC2 H4 CI
over, the appearances of reaction mixtures differ from I
each other owing to the amount of water. The re- jS ^  ' '------ 0
action mixture is homogeneous when the solvent con- «>
tains 0.07-0.4 wt %  water. When the solvent is de- 2  20  -
hydrated as completely as possible (0.03 wt % ) with recovered B z C I_____
calcium hydride or azeotropically, or when the solvent a°'° 0 ~ ’ ’
contains much more water (1.9 wt % ), the mixture is O^--------- ^ --------------------- j-C---------J

heAsr0sShow0n Sm Figure 4, the yield of the insertion Water Content (wt%)
product decreases to 37%  when the system contains Figure 4.—Variation of generated BZOC2H4CI and recovered 
1.9% water, and the recovery of the benzyl group BzCI vs. water content. Reaction conditions: BzCI; 4.0 g of
decreases also. The formation of by-products as well DMA; 2.0gof ZnCh; 0 .4g o fE O ; 50-55 ml/min, 140°, 1 hr. 
as of polyethylene glycol is effected by water.

When the water content is as low as 0.03% , the goL p-CMT
yield of /3-chloroethyl benzyl ether is 4 4 % , and the q
recovery of benzyl group is 5 4 % . This suggests that o o-CMT / 0-—"
the reaction is depressed by low solubility of the catalyst S' 40 - /  /  /
in this system, and that a certain amount of water is -5 n  /
necessary to promote the insertion reaction, since the 2 20 - /» «'m-CMT
recovery of benzyl group decreases also. Z ' /

Substitution on the Benzene Ring.—In the reaction Q —q , , , , ,
of ethylene oxide and benzyl chloride, the intermediate 0  20 4 0  60  80  100 120
benzylcarbonium ion may form. Therefore, we ex- Reaction Time (min)
amined several benzyl chlorides having alkyl, ehloro, Figure 5.—Progress of insertion product of chloromethyiated 
nitro, and methoxy group substituents. Reactivity toluene. Reaction conditions: CM T; 8.0 g of DMA; 4.0 g
of chloromethyiated toluene with ethylene oxide in- of ZnCl2; 0 .8 g o fE O ; 55 ml/min, 140°.
creases in the following order as shown in Figure 5:
0-CH3 >  p-CH3 >  m-CH3. The p-chloro derivative, however, shows a high yield

This fact may be explained as follows. When the despite its positive a  value, 0.226. This fact may be
insertion reaction proceeds via a carbonium ion inter- accounted for by its large resonance effect rather than
mediate, the cation from the meta derivative may be its inductive effect,
less stable than that from the ortho or para  derivative.
Yields of ortho derivative product decrease after 70 Table III
min which may also be explained by assuming that the Influence of para Substituents»
ortho derivative may be easily attacked sterically by a Yield of
benzyl carbonium ion to become polybenzyl. Substituent, p-xcemcmoc^mci,  ̂vaIue

H 14.7 0
9 H3 CH3 24.9 -0 .1 7 0

A r H n f H r H n  Cl 34.5 + 0 .226
f f ) T CH2ULH20H2U +  ZnCl2 — -  CHaO 39.3 -0 .2 6 8

N 0 2 0 + 0 .778
CH “ Benzyl chloride-ethylene oxide = 1 .0 ; zinc chloride, 1 0 %

CH3 ’  I J Cfj2CI by weight of benzyl chloride; 140°; 1  hr.

1 +  _ r n f
jY~Yj CH2 (O CH2CH2C1) h Tire insertion reaction is applied to higher alkyl

¿nC] derivatives. Thus, dodecylbenzyl chlorides were ex-
2 amined. Products were purified by vacuum distilla­

tion, but small amounts of contamination cannot be 
polybenzyl + H0CH2CH2C1 + ZnCl2 removed because of their high viscosities and molecular

weights. Results are shown in Table IV.
/  CH3 CH3 \

/ JL 1 \ Table iv
f i l l  f i l l  f i l l  CH20CH2CH2C1 ^  Insertion Products from w-Dodec-F-ylbenzy'l Chloride“
^  lV i _ C H 2 _ ^ J  ’ Yield of

\ I / R-C«H4CH20 C i- Bp, °C -----------------Analysis, %---------------- -
\ CH3 J  Y HiCl, % (0.008 mm) C H Cl>*
'  / 1 41 160-170 73.96 10.86 10.0

The yield, of insertion.products from other; par«- J  «  ¡ J “  £ "  I K «
substituted benzyl chlorides are shown ,n Table I I I .  ^  0,74.4!; H ,10.41; 01,10.46.
Yields from p-methoxy, p-methyl (Figure 5), and
p-nitro derivatives are comparable to their <r values. probable Mechanism of insertion R eactio n .-T h e

insertion reaction may proceed through a free benzyl-
(10) Water content in the solvent and bensyl chloride was determ,ned by o n iu m  j  Q r g o lv a t e d  Qr n e a r l y  b o n d e d  i o n 8

means of the Karl-Fisher titration.
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T a b l e  V

I n s e r t io n  P r o d u c t s  f r o m  S u b s t it u t e d  B e n z y l  C h l o r id e s

X—fO}^CH;OC2H,a

Substrate ---------------Caled % -------------- , ,-------------Found % -------------.
X  Bp, °C (mm) C H Cl C H Cl“

0-CH3 85-87 (3) 65.04 7.10 19.2 65.18 7.10 18.7
m-CH3 96-97 (3) 65.04 7.10 19.2 65.20 7.31 19.3
P-CHa 101-102 (3) 65.04 7.10 19.2 64.92 7.23 19.7
P-Cl 105 (1 ) 52.71 4.92 34.6 52.95 5.04 3 4 . 1

P-CHaO 108-110 (1 ) 59.86 6.53 17.7 59.66 6.38 17.7
“ Reference 12.

to  the solvent. T he interm ediate, stabilized b y  (4 H), 5.57 (2  H), 2.87 (5 H). Anal. Caled for CgHnOCl
solvation, m ay then re a ct with ethylene oxide (route a) c> 63-35i 6 -5°i C1> 2 0 -8 . Found: C, 63.04; H, 6.64;
to  form  the ether. A nother benzyl chloride m ay be P "  ,2(K8' , ° on)parinS ™ th, the authentic sample synthesized 

, , , , , , ,  T i i  ,. , ,  , from benzyl alcohol and ethylene oxide in the presence of sodium
a ttack ed  by the solvated cation to  form  polym er benzyl aicoholate, followed by chlorination of the hydroxyl

CH2C1 group by thionyl chloride, which showed the same ir, nmr spec-

0 trum, and boiling point, the main product was identified as 
solvent (S) f  H I "I (3-chloroethyl benzyl ether.

+  ZnCl2 -------------► L C 3J i 2 ZnCl3~ The yield of /3-chloroethyl benzyl ether was 63 mol % by glpc.14
N /  g+ Ethylene chlorohydrin was detected by glpc from the crude prod-

L J  uct before washing with 1 N  HC1. Small amounts of dibenzyl
ether, benzyl alcohol, and benzyl formate (when N,N-dimethyl- 

j s '  a formamide was used as a solvent) were also shown by glpc.
_ Reaction of Substituted Benzyl Chlorides.—To compare re-

b r^b-CH Cl activities of benzyl chlorides, a mixture of ZnCl2 (0.2 g), DMA
— CH2— O l O T ^  2 (1-4 g), substituted benzyl chloride (0.016 mol), and EO (0.7 g,

+^C H 2 ® 0.016 mol) was heated in a sealed tube at 140° for 1 hr. These
V  _ 2 (3-chloroethyl ethers were isolated by the same procedure as in

ZnCI3 J  the case of (3-chloroethyl benzyl ether. The substituted (3-
chloroethyl ethers were also analyzed by glpc.ls 

CH, — Phenyldodecanes.  1-Phenyldodecane (I).16—I was prepared 
— CH2C1 from lauroyl chloride and benzene by a Friedel-Crafts reaction17 

‘ followed by Clemensen reduction:18 bp 120-125° ( 1  mm);
-)- yield, 72% based on lauroyl chloride; nmr (neat) r 9.17 (3 H),

8.73 (18 H), 8.35 (2 II), 7.57 (2 H), 2.96 (5 H). A nal. Caled
r  ZnCl2 +  HC1 +  S forC:sH,„: C, 87.73; H, 12.27. Found: C, 87.55; H, 12.20.

[Y~Y| CH2OCH2CH2+ ZnCl3“ 2 -Phenyldodenane (II).—After dehydration of methyldecyl-
carbinol16 (prepared from decyl bromide19 and acetophenone) 

u  -1 by refluxing with 90% formic acid for 20 hr, the olefin [bp 120-
I 130° (1 mm), two components detected by glpc] was hydro-
| genated to I I  in ethanol in the presence of 5%  Pd-carbon and

I " C H .  25-30 kg/cm2 of hydrogen at room temperature for 4 hr: bp
f i r  nriT p it  n  " 3 115-118° (0.8 mm); yield, 52% based on decyl bromide; nmr

l O l  2 2 2 -______-_______L  (neat) T 9-14 (3 H), 8.85 (3 H), 8.80 (16 H), 8.55 (2 H), 7.45
c (1 H), 2.90 (5 H). Anal. Caled for Ci8H30: C, 87.73; H,

+  12.27. Found: C, 87.54; H, 12.43.
ZnCl2 6 -Phenyldodecane (III).—II I  was prepared by a procedure

similar to that used for I I , with the olefins [bp 111-120° (0.8 
f,rT mm), two components detected by glpc] through pentylhexyl-

f(Y| CH2<j VH2 IV 'Y] , piprr prr p, phenylcarbinol16 prepared from hexyl bromide and pentyl phenyl
2 3 ketone17 obtained from caproyl chloride: bp 115-117° (1 mm);

-f yield, 6 6 % based on pentyl phenyl ketone; nmr (neat) t 9 .2 0

ZnCl, (6 H). 8-82 (14 H), 8.45 (4 H), 7.60 (1  H), 2.95 (5 H). Anal.
/ , ,  . ,, , ,  . , Caled for C18H30: C, 87.73; H, 12.27. Found: C, 87.75;
(route b), since a sm all am ount of polym er w as d etected  H, 12.08.
in all experim ents. Dibenzyl ether m ay be generated Chloromethylated Dodecylbenzenes.—Phenyldodecanes were 
by a ttack  of a  benzyl cation  on (3-cllloroethyl benzyl chloromethylated20 with paraformaldehyde and hydrogen chlo- 
ether or benzyl alcohol frou t e c ) .  ride- In (he ehloromethylation reaction of alkylbenzenes,

mixtures of ring-position isomers are generally obtained. In 
the case of alkylbenzene having bulky alkyl moiety, the genera- 

Experim ental Section -----------------
(12) Determined by modified semimicro butanol-Na method.13

Reaction of Ethylene Oxide (EO) and Benzyl Chloride.— (13) W. Kimura, Kogyo Kngaku Zasshi, 37, 1310 (1934).
In the typical run, 2.0 g of N,N-dimethylacetamide (DMA) (14) APlezon L grease 10% on Diasolid, l m. 140°, H, 70 mt/min. B y
was added to a vessel containing 0 .4  g of freshly dried ZnCl2. making a calibration curve between the isolated product and the internal
After dispersion of ZnCl2 by warming, 4.0 g of benzyl chloride standard, the yield based on benzyl chloride was determined (internal

was added, and EO, 50-55 ml/min, was bubbled in at 140° for ly r ,1 h r PrnrliiptQ Wiir£l conoro+nrl u „  j • j.*ii j.* c, v- Triton X-305 10% on Diasolid L, 180°; internal standard methyl
w ith  '1 V H P 1 n L  W n  ep?fated . b y  diStlUatlon after washing benzoate for C6H5CH2C1, lauryl acetate for p-CH.C,H,CH2Cl, CH.(OCH2-
with 1 A H U  and H20 .  The main product, bp 52-53° (1 mm), CH2),GH for p -CH30C«H.CH2c i and p-C lC sH .cm ci.
showed a characteristic infrared band at 1115 cm“ 1 besides those (16) E. R. Lynch and E. b . McCall, J .  Chem. Soc., 1254, (i960), 
owing to the phenyl group; nmr (15% CC1< solution) r 6.4711 (17) F. L. Breusch and M. Oguzer, Chem. Ber., 87, 1225 (1954).

(18) Organic Syntheses,” Coli. Vol. I l l ,  John Wiley & Sons, Inc., New
(11) th is was considered to be the superimposed signal of four methylene York, N. Y ., 1955, p 444.

protons in the (3-chloroethyl group, because of t ie  same chemical shifts of (19) Reference 18, Coll. Vol. I, 1941, p 30.
protons. (20) S. K. Freeman, J .  Org. Chem., 26, 212 (1961).
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T able V I reaction time, 3 Lr, and the reactant ratio, dodecylbenzyl chlo-
P roperties op Chloromethylated D odecylbenzenes ride: ZijC12 : DM A = 10:1 :10 by weight. The properties of

Phenyldodecane BP, °C (i mm) Cl, % (calcd) the insertion Products are shown in Table IV .
I  158-162 11.9 (12.0)
II 145-148 1 1 . 6  (1 2 .0 ) R egistry  No.-— E th ylen e oxide, 7 5 -2 1 -8 ; benzyl
HI 138-142 1 1 .5 (1 2 . 0 ) chloride, 100 -44 -7 ; p-m ethylbenzyl chloride, 104 -82 -5 ;

p-chlorobenzyl chloride, 104 -83 -6 ; p-m ethoxybenzyl 
tion ratio of the para  derivative becomes great, but the com- chloride, 8 2 4 -9 4 -2 ; o-m ethylbenzyl chloride, 5 5 2 -45 -4 '

T l X r 1 M°Me’ **»*■’ chlo-
of chloromethylated dodecylbenzenes are low20 in every case; Dde, 100-14-1. 
so raw dodecylbenzenes must be treated repeatedly to obtain
chloromethylated compounds. Their properties are shown in A , , , . rnl ,, . , , „
Table V I. Acknow ledgm ent.— T h e authors wish to  thank P ro-

Reactions of Chloromethylated Dodecylbenzenes.— Th<* pro- lessor D . Swern, Tem ple U niversity , for advice and 
cedure was similar to the case of benzyl chloride, except for the helpful discussion.

Bridged Polycyclic Compounds. L X I. Synthesis and Some Properties 
of Tribenzobicyclo[3.2.2]nonatriene (H om otriptycene) and Derivatives1

Stan ley  J , Cristol and D onald K . P en n elle  

Department o f Chemistry, University o f Colorado, Boulder, Colorado 80302 

Received December 3, 1969

A preparation of homotriptycene (1 ) was conducted via ring expansion of tribenzobicyclo [2.2.2] octatrienyl- 
carbinyl cation. Alkyl cations from 1 (he., 2 and 7) do not rearrange to each other, but the 2-tribenzobicyclo-
[3.2.2] nonatrienyl cation (2) is an intermediate whose degeneracy was demonstrated with the aid of deuterium 
labeling. Pmr spectra of some homotriptycenes and triptycenes are recorded.

A  natural extension of work in this laboratory  on The key to  the synthesis of the hom otriptycene ring  
bridged polycyclic system s centered about tribenzo- system  appeared to  us to be a ring expansion reaction  of
bicyclo [3 .2 .2]nonatriene (1) and some of its derivatives, some derivative of 1-m ethyltriptycene. As 1-am ino-
in particular, the carbonium  ion 2. F o r  reasons of m ethyltriptycene (4) was known,5 this appeared to  be a
sim plicity 1 will be referred to  as hom otriptycene, as it  v ery  reasonable precursor. In  accord  with our ex­

pectations, nitrous acid in glacial acetic acid converted  
4  into a m ixture representing a 4 2 %  yield of 1-tri- 
benzobicyclo[3.2.2]nonatrienol (5-O H ) and a 5 6 %

is the n ext higher homolog of 9 ,10-dihydro-9,10-o-ben- ^  g
zenoanthracene, or trip tycen e (3). W ithin the last few
years syntheses of b icyclo [3 .2 .2 ]nonatriene2 and one of yield of the corresponding ace ta te  ( 5 -0 A c).6 W e did 
its m ono-3 and both of its dibenzo-substituted4 deriva- not find any alcohol or aceta te  with unrearranged
fives have been described. W e now describe another carbon skeleton (i.e., 6-O H  or 6 - 0 A c). N either 5-O H
member of this bicyclic family, tribenzobicyclo [3 .2 .2 ]- nor 5-O A c seemed to be an ideal precursor of 1, as 5-O H
nonatriene.

(5) E, C. Kornfeld, P. Barney, J .  Blankley, and W. Faul, J .  Med. Chem.,
(1) Paper L X : S. J .  Cristol, M. A. Imhoff, and D. C. Lewis, J .  Org. 8, 342 (1965).

Chem ., 35, 1722 (1970). (6) The presence of large amounts of alcohols from diazotization reac-
(2) (a) M. J .  Goldstein and A. H. Gevirtz, Tetrahedron Lett., 4413 (1965); tions in acetic acid has been noted before.7

(b) M. Jones, Jr ., and S. D. Reich, J .  Amer. Chem. Soc., 89, 3935 (1967); (7) (a) J .  H. Ridd, Quart. Rev. (London), 15, 418 (1961); (b) P. S.
(c) M. J .  Goldstein and B . G. Odell, ibid., 89, 6356 (1967). Bailey and J .  G. Burr, Jr ., J .  Amer. Chem. Soc., 75, 2951 (1953); (c) A.

(3) J .  Ciabattoni, J .  E . Crowley, and A. S. Kende, ibid., 89, 2778 (1967). Streitwieser, Jr ., J .  Org. Chem., 22, 861 (1957); (d) H. Felkin, Bull. Soc.
(4) (a) S. J .  Cristol, R . M. Sequeira, and C. H. DePuy ibid., 87, 4007 Chim. Fr., 1582 (1960); (e) J .  R . Mohrig, Ph.D. Thesis, University of

(1965); (b) S. J .  Cristol, R . M. Sequeira, and G. O. Mayo, ibid., 90, 5564 Colorado, 1963; (f) G. T . Tiedeman, Ph.D. Thesis, University of Colorado,
(1968); (c) S. J .  Cristol, G. O. Mayo, and G. A. Lee, ibid., 91, 214 (1969). 1964.
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was converted only extrem ely slowly with thionyl q uantitatively. Silver aceta te  in acetic acid gave
chloride to  5-C1. H ow ever, the nitrous acid experi- 10-OAc q uantitatively. Thus, in these experim ents,
m ent suggested th a t  the D em janov ring expansion was ion 2 does not isomerize to  7. 
useful for en try  into the hom otriptycene ring system .

U se of nitrosyl chloride8 in m ethylene chloride with 4  /P ~ \\ /P~^\
gave rearranged (5-C1) and unrearranged (6-C1) chlo- y z y
rides- in yields of 66  and 1 2 % , respectively. T he / __!  p y /
isolation of 6-C1 in this experim ent and the absence of / ( ~ \ y
6-O H  and 6-O A c in the acetic acid deam ination de-
scribed above raise some interesting questions. There \S ~ y
is the possibility th a t a t  least a  portion of the nitrosyl 10 • n
chloride reaction  proceeds b y a noncarbonium  ion
process, n ot utilized in the other deam ination. A l- \ ( j )
tern atively , chloride ion m ay trap  some oth er carbo- Y / — /  y  )— /
nium  ion precursor faster th an  it  rearranges to  7. / — \ y W  / — \'
This precursor m ay be the prim ary cation  8 or the ion 9. ( \
N ote th a t geom etric requirem ents m ake 9 <r bonded, '— ^
ra th er th an  a phenonium ion. O ur d a ta  do not enable X ^ y  D X ^ y
a  choice to  be m ade am ong these possibilities. 12 13

/p T \  Ion  2, if a  classical ion, is triply degenerate (via
\ S -y  W agner-M eerw ein  rearrangem ent) and should demon-

,—  /  1 s tra te  scram bling of one of the bridgehead atom s and
the cationic carbon atom . T o te st this, 1 w as eon- 
verted  with potassium  ¿-butoxide and D M SO -d6 to  

\ Y y  dideuteriohom otriptycene (11-D ) and brom ination of
7  this led to  12-B r. The pm r spectrum  of 12 -B r indicated

r ^ s  th a t no rearrangem ent occurred in the radical brom ina-
I v J J  I v Y J  tion. W hen 12-B r was solvolyzed in m ethanol in the

/  absence of base or in the presence of 0 .02 , 0 .38 . or 3 .8  M(OAr>n (Or. , sodium methoxide, it was converted cleanly to  a m ixture
'— ° f m ethyl ethers (12-O C H 3 and I 3 -O C H 3), w hich in 

CH2 \— /  CH2 \— /  each case appeared (by pm r analysis) to  be an equi-
8 9 m olar m ixture. Thus, com plete scram bling occurs in

. 2-hom otriptycyl ion (2) before capture.
N itrosyl chloride and nitrous acid deam inations are A n alternative to the classical stru ctu re 2 for the  

susceptible to  modifications to  give a wide v arie ty  of ionic interm ediate is the phenonium ion stru ctu re 14
su stituents a t  the bridgehead (C -l  of 1). As an which would also rationalize the observed scrambling,
exam ple, when ethanol was a cosolvent with dichloro- T he com pletely delocalized stru ctu re for the unsubsti-
m ethane during nitrosyl chloride treatm en t of 4, large tu ted  bicyclo [3 .2 .2 ]nonatrienyl cation has been rejected
am ounts of ethyl 1-tribenzobicyclo[3 .2 .2 [nonatnenyl by Goldstein and O dell,1» and their objections would
ether (5 -O E t) were formed. P roper choice of solvent probably pertain  as well to  our system . A  distinction
or sohR e-solvent system s could supply m any different could be m ade between 2 and 14, if 14 is stable tow ard
bndgehead derivatives of 5._ interconversion b y W agner shifts, by appropriate ring

T he success of the deam ination procedure from  4 as iabeling. Possibly Olah’s m ethod11 would also be
the nng-expansion process w as fortunate, as other 6 applicable 
com pounds did n ot react readily. F o r  exam ple, 6-O A c 1 
was recovered unchanged after 2 hr of refluxing in 1 M
HCIO 4 in acetic acid and 6-C1 w as recovered unchanged \V_J/
after treatm en t with silver aceta te  in acetic acid a t  v r w  o w  I
2 1 0 °  for 24 hr.

R eduction of 6-C1 with sodium in i-butyl alcohol — \
gave 1-m ethyltriptycene (6 -H ).9 In  sim ilar fashion, \ — O /
hom otriptycene (1) was obtained from  5-C1. \— /

1 was transform ed to  a monobromo derivative (10- 14 15
B r) by light-prom oted treatm en t with N -brom osuc- H ydrolysis of the dibromide 1 1 -B r w ith  aqueous 
cinimide. Chlorohom otriptycene (5-C1) gave a  sim ilar sodium ace ta te  gave the ketone 15. This w as also
reaction . T reatm en t of 1 with 2 mol of N B S  gave th e  prepared by oxidation of 1 and was readily reduced to
dibromo compound 11-B r. Solvolyses of 1 0 -B r in. 1 :1  the alcohol 10-O H  with lithium  alum inum  hydride and
m ethanol-benzene and 1 :1  ethanol-benzene a t  reflux in analogous fashion to  the deuterio analog 12-O H .
were com plete in less th an  1 hr and gave the m ethyl A ttem p ts to  interconvert ions 2 and 7 w ere not 
(10-OCHg) and ethyl (10 -O E t) ethers, respectively and successful. B o th  5-O A c and 10-OAc w ere stable to  

... _ . .  a _  ^ J „  1 -2  hr of refluxing in 1 M  H C 104 in acetic acid. W hile
(8) P. A. S. Smith, D. R . Baer, and S. N. Ege, J .  Amer. Chem. Soc., 76,

4664 (1954). (10) M. J .  Goldstein and B . G. Odell, J .  Amer. Chem. Soc., 89, 6356
(9) W. Theilacker, U. Berger-Brone, and K. H. Beyer, Chem. Ber„  93, (1967); M. J .  Goldstein, ibid., 89, 6357 (1967).

1658 (1960). (11 ) G. m . Olah and A. M. White, ibid., 91, 3954, 3956 (1969).
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it  is possible th a t  7 was n ot in  fa c t form ed from  5-O A c to give 910 mg of a mixture; analysis (pmr) showed 530 mg
b y  th is trea tm en t, i t  is obvious th a t  10-OAc gives 2 (56%) of 5-0Ac and 380 mg (42%) of 5-OH.
readily under these conditions. I t  seems certain 1* th a t o f °  T  T l * ™  (4f  l 200^, . . - „ _ TT , , _ . , , . , , , 01 anhydrous ether was added slowly to a solution of 1.0 g (26
treatm en t of 5-O H  with thionyl chloride, which leads to  mmol) of LiAlII, in 100 ml of anhydrous ether. The mixture
5-C1, proceeds v ia  7, and rearrangem ent did n ot occur in was heated at reflux for 1 hr, cooled to 0°, and cautiously(||
this experim ent, nor did any 10 species form  in the decomposed with water. The ethereal layer was filtered, washed
deam ination of 4  which led to  5 species. Although 7 with dUute aqueous HC1, NaHCO,, and saturated NaCl solution

. v i * i i  , . io t and dried (M gS04). The residue from solvent evaporation was
m ust be a highly unstable ion, it seems clear th a t it recrystallized from benzene-Skellysolve B (petroleum ether,
m ust be substantially m ore stable th an  the prim ary ion bp 60-70°) to give 1.22 g (85%) of 1-tribenzobicyclo [3.2.2]-
8. nonatrienol (5-OH), as small prisms, mp 150.5-151°; pmr (in

The lack of interconversion betw een 7 and 2 by a 1,2 2T'?-1” ’ (2 aJ oinatlc H )> 2 -8 m> (10 aromatic H),
i i • j  , • i , r  j  , • 4.93, s (2, OH, H-5). and 6.66 s (2, H-2).
hydride shift is reasonably rationalized on geom etric AnaL  Calcd for C21H160 :  C, 88.70; H, 5.67. Found: C,
grounds.15 T he carbon-hydrogen bonds which would 88.45; H, 5.69.
be involved in  m igration  are nearly  orthogonal to  th e  p This alcohol (200 mg, 0.70 mmol) was acetylated with acetyl 
orb ita l of th e  cation ic cen ter, and th e  energy b arrier to  chloride in N,N-dimethylaniline and chloroform using a standard
such a m igration m ust therefore be significantly greater Pro“ dure>° to give, after recrystallization from aqueous metha-
,. .. , . , . , & , . . .  nol, 201 mg (88%, of l-tribenzobicyclo[3.2.2]nonatrienyl acetate
than  those for cap tu re of each ion by nucleophile. (5-OAc), mp 153-154°; pmr r 2.8 m (12 aromatic H), 5.13 s

Structure and P m r S p ectra .— T h e structures of the ( l ,  H-5), 6.60 s (2, H-2), and 7.61 s (3, OCOCH3). 
compounds described above were generally ascertained A n a l .  Calcd for C23Hi80 2: C, 84.64; H, 5.56. Found: C,
b y  consideration of th e  interconversions am ong them  84.47; H, 5.68. ......................

j  , , t *i , * , la i i  i v ,• Preparation of 1-Chloro-tribenzobicyclo 3.2.2 nonatriene (5-C1)
and by  pm r spectra. L ike trip ty ce n e ,16 th e  1-substi- and pchloromethyltriptycene (6-C1).' —Gaseous nitrosyl chloride
tu ted  tn p ty cen es had  bridgehead absorption in  th e  (5-ml liquid equiv at 0°) was passed over an ic<y-water-cooled
t 4 .5 -4 .7  range, and had tw o d istin ct arom atic absorp- solution of 5.00 g (0.0176 mol) of 4 in 100 ml of reagent grade
tion  bands, each representing six protons, presum ably dichloromethane until the yellow-brown nitrosyl chloride was 
reflecting th e  shielding and deshielding effects of th e  Tn0 °“ger following the general procedure of Smith.*

arom atic rings.  ̂ T he h om otnptyeenes had broad ing 0f the reaction mixture. Further addition led to less gas
arom atic absorptions but were generally not readily evolution and promoted solution of the earlier formed solid,
separable into low- and high-field bands on the 60-M c After 2 hr of stirring, the solvent was removed by rotary evapora-
instrum ent. W ith  chlorine, hydroxy, and ethoxy a t  tion;  the residual sclid was chrornatographed on Merck 71707
^  . . , , . , / i "Jv j. neutral alumina. Elution with Skellysolve B gave 3.50 g (66%)
C -l  m  hom otnptycene (compounds 5 ), two arom atic of 5_C1; 25% benaeEe in skellysolve B  eluted 0.645 g (12%) of
protons, presum ably those sijn periplanar, were signifi- 1-chloromethyltriptycene (6-C1), mp 231-232° (lit.5 229.5-
cantly  deshielded, and, with compound 15, the hydrogen 236.5°); 75% benzene in Skellysolve B  yielded 0.150 g of an
ortho to  the keto group was, as exp ected ,11 significantly unknown material, mp 180-482° (decomposition and gas evolu-
deshielded. D etails of the pm r spectra are given in the ^ r ^ S S  B  deposited
Experim ental Section. white needles: mp 157-157.5°; pmr t 2.3 m (2 aromatic H), 2.8

m (10 aromatic H), 5.14 s (H-5), and 6.70 s (2, H-2).
, A n a l .  Calcd for C2iHi6C1: C, 83.30; H, 4.99. Found: C,

E xperim ental Section 83.19; H, 5.02.
„  , . , , , ,  , 1. .., t u For 6-C1, the pmr spectrum was r 2.6 m (6  aromatic H), 3.0 mElemental microanalyses were performed by Galbraith Labora- (fl aromatic H) P4  6 4  g (H.5) 4 -9 6  g (2 H.2 ).

tones Inc., Knoxville, Torn. Melting points are corrected. 1-tribenzobicyclo[3.2.2]nonatrienyl ether (5-OEt) was
Except where otherwise stated pmr spectra were taken m CDCla obtained ^  & nit , ' hloride deaminatiol( of 4 as a side product
on a Vanan Associates Model A-60 spectrometer when absolute ethanol was added to the methylene chloride

Deamination of 1-Ammomethyltnptycene (4 1 with Nitrous soiution before addition of NOC1. Recrystallization gave impure
Acid-Acehc Acid. Dry sodium nitrite 2.12 g (31 mmol) was s_0 E t j mp 152.5_15S.5° . pmr T 2.5 m (2 aromatic H), 2.9 m

d̂ded t0  f  s,olu*10j  of 1 -02 f. (3 d ,nlinf!1 ,0  ̂ ĥe hydrochloride of (1 0  aromatic H ), 5.20 s (H-5), 6.22 q (2, / = 7.5 Hz, OCH2CH3),
45 111601111 of anhydr™ s0a“ t0lc a“ d (dlstilled from acetyl borate«) fl>73 g (H.2) and S 6 6  t  (3; j  = 7 .5  Hz, OCH2CH3).

A }  18-20 b, -a1 tlie f  Xtfday i u  mlXi Ur<i WaS Reduction of 6-C1 to 1-Methyltriptycene (6 -H ).-A  solutionadded to 50 ml of benzene and 50 ml of water. The water layer of m  (0 582 mmol) of 6.C1 irt 150 ml of t.hutyl alcohoi was
was separated and washed with three 2o-ml portions of benzene. treated with ? (o g atom) of sodium shot for 2 4  hr. Water
The combined benzene layers were washed with water aqueous wag added {cauticn! ) until solution was compiete. Extraction
NaHCO.,, and saturated aqueous NaC and dried (M gS04). with benzen waghi: of the benzene layer with water, dilute
After evaporation, the residue was crystallized from methanol ^  and gaturated NaQ1( and drying (Na2S 0 4) gave, after
-----------------  evaporation of the benzene, chromatography on Merck 71707

(12) D. J .  Cram, J .  Amer. Chem. Sac., 75, 332 (1953); E . S. Lewis and C. alumina, and elution with Skellysolve B , 135 mg (97%) of 6-H,
E. Boozer, ibid., 74, 308 (1952); 75, 3182 (1953). mp (petroleum ether recrystallization) 258-259° (lit.9 253-254°);

(13) The relative instability of this bridgehead ion 7 may be inferred pmr t 2.6 m (6 aromatic H), 3.0 m (6 aromatic H), 4.62 S (H-5),
from the slow transformation with thionyl chloride of 5-OH via 5-OSOC1 to and 7.64 S (3, CH,).
5-C1 (half-life about 4 days) compared with the saturated analog 1-bicyclo- Reaction of 5-OH with Thionyl Chloride.— A solution of ap-
[3.2.2] ncnanol, which is converted to its chloride in l hr.»4 proximately 200 mg of 5-OH in 10 ml of reagent grade thionyl
ligw igssf' Gr°b’ M' ° hata’ ’ S’ ' ’ chlorlde was heated at genUe reflux. After 15 hr the reagent-

(15) (a) J  S. Meek and W. R . Benson, private communication, have solvent was removed by distillation. Water (2 or 3 drops) was
rationalized the lack of rearrangement,15b when l-aminodibenzobicyclo- added to hydrolyze unreacted chlorosulfinate ester and the mix-
[2.2.2] octadiene is deaminated, on similar grounds: (b) W. R. Benson, ture was taken up in acetone. This solution was dried (Na2S 0 4)
Ph.D. Thesis, University of Colorado, 1958. (c) Similarly the 2-adamantyl and the solvent removed by evaporation. Carbon tetrachloride
cation does not rearrange151 to the more stable158 1-adamantyl cation on was added to the residual solid and removed by evaporation,
acetolysis. (d) P. von R . Schleyer and R. D. Nicholas, J .  Amer. Chem. Integration of the peaks of the pmr spectrum showed that about
Soc., 83, 182 (1961); (e) ibid., 83, 2700 (1961). 18% of the homo triptycene material was 5-C1.

(lft) W. B . Smith and B. A. Shoulders, J .  hys. em., , ( )• The above sample was resubjected to the same treatment with
(17) L. M. Jackman, Applications of Nuclear Magnetic Resonance

Spectroscopy in Organic Chemistry,” Pergamon Press, London, 1959, p
m  (19) R . Chittaran, “Organic Syntheses,” Coll. Vol. IV , John Wiley &

(18) A. Pictet and A. Geleznoff, Chem. Ber., 36, 2219 (1903). Sons, New York, N. Y ., 1963, p 263.
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thionyl chloride. After 70 hr (85 hr total) the isolated material This ether was readily converted to 10 -Br by treatment with
was 50% 5-OH and 50% 5-C1. 50% aqueous HBr at reflux.

In a parallel experiment approximately 200 mg of 5-OH was Preparation of 2-Tribenzobicyclo[3.2.2]nonatrienone (15).—
set in refluxing thionyl chloride for 14 days. After work-up, a After a 14-hr reflux, a solution of 213 mg (0.499 mmol) of di-
mixture of 17% 5-OH and 83% 5-C1 was separated by column bromide 11-Br and 100 mg (1.22 mmol) of anhydrous sodium
chromatography, using Merck 71707 alumina and petroleum acetate in 16 ml of 80 vol % aqueous acetic acid was poured into
ether, to give 5-C1, mp and mmp 155.5-156.5°. 100 ml of cold water. Ether extraction was followed by washing

Reduction of 5-C1 to Homotriptycene (Tribenzobicyclo[3.2.2]- with water, dilute aqueous Na2C0 3 , and saturated NaCl solutions 
nonatriene) (1 ).—A mixture of 3.63 g (0.0116 mol) of 5-C1 and and evaporation of the ether to give 169 mg of a yellow oil which
100 ml of dry i-butyl alcohol was stirred in a 250-ml round-bottom deposited cubic prisms, 121 mg (8 6 % ) of 15, mp 175.5-176.0°,
flask fitted with a condenser and drying tube. Enough benzene, after washing with petroleum ether-benzene; pmr t 2.0 m (1
30 ml, was added to promote solution and 8.0 g (0.35 g-atom) of aromatic H), 2.7 m (11 aromatic H), 4.77 s, and 4.95 s (H-l and
sodium metal shot was added in three portions, with dissolution H-5).
of the sodium occurring between additions. After the sodium Anal. Calcd for C2iHhO: C, 89.34; H, 5.00. Found: C, 
metal was completely consumed, the mixture was added to 150 89.20; H, 5.03.
ml of water. The benzene extract (two 150-ml portions) was Preparation of 2-Tribenzobicyclo[3.2.2]nonatrienol ( 10 -OH).— 
dried (Na2S 0 4) and the solvent removed to give, after recrystal- Lithium aluminum hydride (45 mg, 1.1 mmol) in 50 ml of abso- 
lization from ethanol, 2.89 g (93%) of 1, mp 205.0-205.5°; lute ether was cooled and stirred under a nitrogen blanket as
pmr t 2.8 m (12 aromatic H), 5.25 s (H-5), 5.82 t, ( J  = 3.8 Hz, 203 mg (0.723 mmol) of 15 in 100 ml of absolute ether was
H -l), and 6.80 d (2, H-2). slowly (0.5 hr) added. After reflux for 1 hr, the reaction mixture

Anal. Calcd for C2iHi6: C, 93.99; H, 6.01. Found: C, was cooled and kept cool during the dropwise addition of water-
93.92; H, 6.08. saturated ether. When the gray solid had completely whitened,

Preparation of 2-Bromotribenzobicyclo[3.2.2]nonatriene (10- the ether solution was filtered.
®r )- A mixture of 2.46 g (0.00811 mol) of 1 and 1.44 g (0.00811 Recrystallization from cyclohexane of the solid obtained from 
mol) of N-bromosuccmimide (NBS) in 150 ml of carbon tetra- the above solution by solvent evaooration gave, in two crops,
chloride was set under an unfrosted, 100-W tungsten bulb for transparent prisms with occluded solvent. Vacuum desiccation
2 hr.® The flask and bulb were insulated in order to permit reflux. for 24 hr was needed to bring the solid to constant weight, 199 mg
When the reaction mixture cooled, it was set into a refrigerator (97%). Loss of solvent destroyed the prisms and left an opaque
at - 2 0 °  to allow complete crystallization of succimmide, which solid, mp 162-163°. Prior to the melting point this material
was removed by filtration. The solvent was distilled in vacuo. liquefied and resolidified at approximately 100°. When the
Four recrystalhzations of the initially red-brown residue in temperature was elevated slowly to 100°, liquefication was sub­
benzene-petroleum ether deposited 2.93 g (92%) of 10-Br as stituted by a softening with resolidification; pmr r 2.8 m (12
thick prisms, mp 192-193.5°; pmr r 2.8 m-(12 aromatic H), aromatic H), 5.15 d (/ = 4.5 Hz, H-2), 5.20 s (H-5), and 5.60
4.20 d ( J  = 4.5 Hz, H-2), 5.20 s (H-5), and 5.42 d (H -l). d (H -l).
r̂,Aon-aL^  f° r C2lHl6Br: C> 72'63; H ’ 4 '35‘ Found: c > Anal. Calcd for C21H160 :  C, 88.70; H, 5.67. Found: C, 

72 8o; H 4.45. . 88.48; H, 5.54.
in an alternate procedure the lmide-free carbon tetrachloride 0 __  t ~ . . , „ , ,

product solution w^s passed through a pad of activated charcoal. . 2-Tnbenzobicyclo[3 .2 2]nonatnenol-2 -d (1 2 -OH) was prepared
Only one recrystallization was then needed. m, a f  mllarQQ“ f  w; f  Ml^ m, ± , mmum deu“  and 0hadi.  i .  t ~ 0 -rv, u. 1 ro o oi * • initial mp 99-105 and mp 161-162°; pmr (m CC14) r 2.8 m

Preparation of 2,2-Dibromotnbenzobicyclo[3.2.2]nonatriene (12 aromatic HI 5 32 9(0-51  and 5 78 s (H- l 
(1 1 -Br).—Approximately 100 ml of carbon tetrachloride con- . ’ ' j  ,
taming 212 mg (0.789 mmol) of 1 and 281 mg (1.58 mmol) of Preparation of 4 4-Dxdeuteriotnbenzobicyclo 3.2.2]nonatriene
NBS was set under reaction conditions described for the synthesis 1 j* ?  r t  c<® talned 546:mg (2.03 mmol) of 1
of 10-Br. The resulting yellow solution was cooled and filtered ^  dimethyl salfoxide-d6 (99.0 % D , Strohler Isotope
through a pad of activated charcoal. Evaporation of the colorless Chemicals, Azusa, Calif.) was heated to 90 (variable-temperature
solution yielded 248 mg (74%) of 1 1 -Br, mp 217-220°; pmr r controller) in the pmr cavity to maintain solution. After the
2.0 m (1  aromatic H), 2.4 m (2 aromatic H), 2.8 m (9 aromatic spectrum of 1 was recorded, 10 mg (0.1 mmol) of potassium
H), 4.79 s (H -l), and 5.22 s (H-5). ¿-butoxide was added. Vigorous mixing was followed by develop-

Anal. Calcd for C2iH„Br2: C, 59.19; H, 3.31. Found: C, ment of a dark pink color. Deuteration at C-2 reached a con-
59.33- H 3.22. stant level, 96% , after 4 hr.

2-Bromo-l-chlorotribenzobicyclo[3.2 .2 ]nonatriene was prepared Acetic acid-d, (2 drops) was used to neutralize the base,
from 500 mg (1.65 mmol) of 5-C1 and 332 mg (1.86 mmol) of NBS When the solution was added to 50 ml of water, a precipitate
in 100 ml of CC14 as described for 10 -Br. The product, after formed which was collected by filtration and washed with water,
recrystallization from CC14, weighed 579 mg (92% ), mp 182- Tllis solid was dried by vacuum desiccation and then dissolved
185°; pmr r 1.9 m (2 aromatic H), 2.8 m (10 aromatic H), 4.11 in dichloromethane. The pale yellow solution was decolorized
s (H-2), and 5.20 s (H-5). by activated charcoal filtration. Rotary evaporation yielded

Anal. Calcd for C2iHI4ClBr: C, 66.00; H, 3.70. Found: C, small prisms (546 mg, 99% ). A small portion of this solid was
6 6 .0 0 ; H, 3.61. recrystallized from absolute ethanol, mp 205.0-205.5°; pmr r

Preparation of Methyl 2-Tribenzobicyclo[3.2 .2 ]nonatrienyl 2.8 m (12 aromatic H), 5.23 s (H-5), and 5.82 s (H -l).
Ether (IO -O C H 3).—A solution of 106 mg (0.55 mmol) of 10-Br Preparation of 2-Bromotribenzobicyclo[3.2.2]nonatriene-2-d
in 10 ml of 1:1 benzene-methanol was heated at reflux for 1 hr. (12-Br).—Bromination of 11-D was performed according to the
Solvents were removed by rotary evaporation after charcoal procedure described for the synthesis of 10-Br. The reaction of
filtration, giving 91 mg (100%) of IO -O C H 3, mp 210-214°, 302 mg (1.12 mmol) of 11-D and 199 mg (1.12 mmol) of NBS
mp (after recrystallization from benzene-petroleum ether) produced 374 mg (95%) of 12-Br, mp 190-191.5°; pmr r 2.8 m
215-216°; pmr t 2.8 m (12 aromatic H), 5.22 s (H-5), 5.42 d, (12 aromatic H), 5.22 (H-5), and 5.44 (H -l).
5.57 d (/ = 4.5 Hz, H -l, H-2), and 6.30 s (3, CH3). Methanolysis of 12-Br.—When 171 mg (0.491 mmol) of 12-Br

Anal. Calcd for C22HiS0 :  C, 88.56; H, 6.08. Found: C, in 100  ml of absolute methanol was heated at reflux for 2  hr, a
88.72; H, 5.91. slight yellow color developed. The methanol was replaced by

Preparation of Ethyl 2-Tribenzobicyclo [3.2.2] nonatrienyl dichloromethane and this solution was filtered through activated
Ether (10-OEt).—Treatment of the crude reaction product from carbon. Solids recovered from this solution, a 1 : 1  mixture (pmr)
2.45 g (0.91 mmol) of 1 with 1.62 g (0.91 mmol) of NBS with of 2-d (12-OCH3) and 1 -d (13-OCH,), methyl 2-tribenzobicyclo­
ethanol gave 2.85 g (100%) of 10-OEt, mp 169—171°; pmr r 2.8 [3.2.2]nonatrienvl ether, were recrystallized from absolute
m (12 aromatic H), 5.21 s (H-5), 5.42 s (2, H-l and H-2), 6.01 q methanol. The first crop, mp 212-213.5°, weighed 77 mg (53% ).
(2, OCH2, J  = 7.5 Hz), and 8.67 t  (3, CH3). Subsequent crops totaled 44 mg (30%).

^  C, 88.43; H, 6.45. Found: C, The following methanolyses with added base were also heated
88.26; H, 6.38. at reflux for 2 hr: 48.6 mg (0.140 mmol) of 12-Br in 100 ml of
___________  0.02 M  sodium methoxide in absolute methanol, 30.8 mg (0.089

mmol) of 12-Br in 100 ml of 0.001 M sodium methoxide in abso- 
(20) This is based upon a general procedure described by I. Koten and lute methanol, 36.8 mg (0.106 mmol) of 12-Br in 20 ml of 0.38 M

R . J .  Sauer, Org. Syn., 42, 26 (1962). sodium methoxide in absolute methanol, and 36.8 mg (0.106
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mmol) of 1 2 -Br in 20 ml of 3.8 M  sodium methoxide in absolute Prnr Spectra of Some Triptycenes.—Some triptycene deriva- 
m^ an°l- fives were prepared as synthetic intermediates and it seems

The samples were treated in the manner described for the reasonable to record their pmr spectra here. The spectrum of
neutral methanolysis, but the recovered ethers were not re- triptycene (3)itself has been recorded16 and our data are consistent:
crystallized. Because the 3.8 M  methoxide solution contained r 2.7 m (6 aromatic H), 3.1 m (6 aromatic H), and 4.62 s (2,
large amounts of dissolved solids, the solution was poured into H-9, H-10). New data include: l-ammomethyltriptycene (4),6
water which was then extracted with dichloromethane. After t  2.6 m (6  aromatic H), 3.1 (6  aromatic H), 4.64 s (H-10), and
the solution was dried over anhydrous magnesium sulfate, the 5.69 broad s, (2 , OII2); 1-triptycenecarboxaldehyde,5 r 2 .5  m (6
ethers were isolated by vacuum evaporation. All products were aromatic H), 3.1 m (6  aromatic H), and 4.66 s (H-10); 1-
1:1 1 2 -OGH.3 and 13-OCH3 by pmr analysis. The pmr spectrum hydroxymethyltriptycene6 (6 -OH), r 2.5 m (6 aromatic H), 3.1
had absorbances at t 2.8 m (12 aromatic H), 5.25 s (H-5), 5.45 m (6  aromatic H), 4.54 s (H-10), 4.82 d (2, / = 4 Hz, CH2), and
s, and 5.57 s (0.5 proton each, H -l and H-2). 5.61 t  (OH); 1-acetoxymethyltriptycene (6 -OAc), mp 218-221°,

Silver Ion Assisted Acetolysis of 10-Br.—Compound 10-Br prepared from 6-OH with acetic anhydride in pyridine, pmr t

(200 mg, 0.575 mmol) was added to 10 ml of glacial acetic acid 2.7 m (6  aromatic H), 3.1 m (6 aromatic H), 4.37 s (2, CH2),
which contained 111 mg (0.664 mmol) of silver acetate. The 4.64 s (10-H), and 7.85 s (OCOCH3) (Anal. Calcd for C23Hi80 2:
mixture was stirred and heated for 10 min. The reaction flask C, 84.64; H, 5.56. Found: C, 84.40; H, 5.58.); 1-ethylene-
was cooled; silver bromide was collected by filtration and dioxymethyltriptycene,6 t 2.5 m (6 aromatic H), 3.0m ( 6 aromatic
washed with several portions of ether. The combined filtrates H), 3.73 s (CH(-O)-O), 4.69 s (H-10), and 5.75 m (4, CH2CH2);
were washed with water, 10% sodium carbonate solution, and 1-dimethoxymethyltriptycene,5 t 2.6 m (6  aromatic H), 2.9 m
saturated sodium chloride. The ether solution was dried (MgSCh) (6  aromatic H), 4.14 s (CH(-O)-O), 4.64 s (H-10), and 5.92 s
and the ether evaporated to give 186 mg (99%) of 2-tribenzo- (6 , OCH3).
bicyclo[3.2.2]nonatrienyl acetate (10-OAc), mp 177-178°,
after recrystallization from benzene-petroleum ether; pmr r 2 .8  p .  • trv  N , 9z,n0o nn o . d  , , 9 o i . -  a H
m (12 aromatic H), 3.83 d ( J  = 4.5 Hz, H-2), 5.17 s (H-5) 5.44 re g is tr y  H o — 1, 24098-00-8  , 4 , 4 4 2 3 -4 2 -1 , 5 -O H , 
d (H -l), and 7 .9 3  s (3 , OCOCH3). 24098 -02 -0 ; 5-O A c, 24098 -03 -1 ; 5-C 1, 24098 -04 -2 ;

Anal. Calcd for C23H180 2: C, 84.64; H, 5.56. Found: C, 5 -O E t, 24098 -05 -3 ; 6-C1, 1469 -58 -5 ; 6 -H , 793 -3 9 -5 ;
84.83; H, 5.73. 6 -O H , 1469-57-4 ; 6 -O A c, 24098 -09 -7 ; 10 -B r , 24098-

^ n ySiH ™ C^ ™ C1-_ n  10-0 ; 1 0 -O C H 3, 24098 -11 -1 ; 10 -O E t, 2 4 0 98 -12 -2 ;mixture of 202 mg (0.666 mmol) of 5-C1 and 120 mg (0.720 mmol) . . A  _ , , , B  '
of silver acetate in 10 ml of glacial acetic acid was set under reflux lU -U xl, 24098 -13 -3 , 10-U A c, 24098 -14 -4 , 1 1 -B r,
for 50 hr. The organic solids were isolated according to the proce- 24098 -15 -5 ; 11-D , 24098 -16 -6 ; 12-O H , 24098 -17 -7 ;
dure outlined above. Only starting chloride was obtained. 1 2 -B r , 24098 -18 -8 ; 12-O C H 3, 24098 -1 9 -9 ; 13-O C H 3,
When the reaction was repeated at 2 1 0 ° for 48 hr, in a sealed 24098 -20 -2 ; 15, 24098 -21 -3 ; 2 -b ro m o -l-ch lo ro tri-
tube, starting material was again isolated. Similar experiments i___„ i -  j  r9  y o i  j. • o/inno oo a , • ,
with 6-C1 also led to recovery of starting material. benzobicyclo 3.2.2 Jnonatnene, 24098-22-4; 1-tnpty-

Treatment of Acetates with Perchloric Acid in Acetic Acid.—-A cenecarboxaldehyde, 1469-54-1; 1-ethylenedioxy-
solution of 100 mg of 10-OAc in 1 M perchloric acid in glacial methyltriptycene, 1469-55-2; 1-dimethoxymethyl-
acetic acid was heated at reflux for 1 hr. Work-up gave only triptycene, 1469-56-3.
recovered 10-OAc. When the experiment was conducted for 26
hr, the acetate was destroyed and no material could be recovered. . .
Similar treatments of 5-OAc and 6 -OAc for 2 hr gave recovery of Acknowledgment.- ih e  authors are indebted to the 
starting materials. N ational Science Foundation for support of this work.
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The transition-state conformations in the lithium-ammonia reduction of three cyclopropyl methyl ketones,
1-3, were determined through trapping of the enolates formed in the process. In the ketones studied, the 
cisoid conformer was found to predominate in the transition-state population distribution. The conformer 
population is more cisoid if the cyclopropane ring is unsubstituted or substituted in the 2  position than if it is 
substituted in the 1 position. The enolate trapping experiments show a similarity between ground-state (as 
calculated from nmr spectral data) and transition-state conformations in the lithium-ammonia reduction of 
cyclopropyl methyl ketones.

Th e  importance of transition-state conformational fragmentation occurs with the cyclopropane bond that
preferences in photochemical excitation2-4 or lith iu m - has the better orbital overlap with the adjacent carbonyl
ammonia reductions6-8 of various conjugated cyclo- 7r system. Th e  conformational geometry of these ring
propyl ketones has been well documented. In the systems is fixed by the fusion of the two rings,
photochemical excitation or the lithium -am m onia re- In acyclic conjugated cyclopropyl alkyl ketones the 
duction of fused-ring conjugated cyclopropyl ketones, conformational restraints are removed and the ketone

carbonyl is allowed to rotate freely over both bonds of 
‘ he cyclopropane ring. Th e  lithium -am m onia reduc-

(2) w. g . Dauben and g . w. Shaffer, Tetrahedron Lett., 4415 (1967). tion of acyclic cyclopropyl ketones has also been shown
(3) l . d . Hess and j . n . Pitts, Jr„  j . Amer. chem . Soc., ss , 1973 (1967). t o  b e  a  h ig h l y  s e l e c t i v e  p r o c e s s 7,8 w h e r e  t h e  c y c l o p r o -
(4) W. G. Dauben, L. Schutte, R . E . Wolf, and E . J .  Deviny, J .  Org. * i • a n  j  i .  xi j. * j

Chem 34 2512 (1969). pane bond that cleaves is controlled by both stenc and
(5) t . Norm, Acta chem . Scand.. 19,1289 (1965). electronic factors. In the reductive cleavage of c is -
(6) w. g . Dauben and e . j . Deviny j . Org. chem  3 i ,  37i44 (196®J- and ¿r<ms-2-methylcyclopropyl methyl ketone, rupture
(7) R . Fraise-Jullien and C. Frejaville, Bull. Soc. Chim. Fr., 4449 (1968). , . ■ , , 1 ,
(8) w g . Dauben and r . e . Wolf, j . OrC. chem ., ss, 374 (1970). of th e  C - l - C -3  bond gives rise to  a  m ore therm ody-
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namieally stable carbanion intermediate (primary carb- preferred and the ring cleavage occurs at the C - l- C - 2  
anion) than does fragmentation of the C - l-C -2  bond bond.
(secondary carbanion). W hen no steric interaction A s was previously reported,8 the product ratio of the 
occurs between the carbonyl group and the 2-methyl ring-opened ketones is insensitive to a variation of size 
substituent (such as is the case with frans-2-methyl- in the reducing metal. T h is  result suggested that the
cyclopropyl m ethyl ketone), ring opening occurs at the conformation of the transition state did not change

significantly because of the increased size of the metal 
Major product Minor product atom. T h is  insensitivity could be due either to the

o  0 0 fact that the lithium  atom (the smallest atom of the
Li-NH3r \  series) was already large enough to establish the pre-

/ /  ferred conformation or that the transition state con­
former was predom inantly transoid. A lthough the 

0 0 0  high selectivity of the metal-ammonia reduction can be
a II L._NH J l  v II adequately explained by either the cisoid or transoid

—---- V  ^  geometries, the study with various metals suggested a
' transoid preference, which is in  opposition to the

, . , . ,. , . , , findings9’10 that ground-state conformations of cyclo-
C - l-C -3  bond m  accord with relative carbanion stabil- j meth l ketones are predominantly cisoid. ' T h e
Hues R eductive cleavage of m -2-m eth ylcyclop rop yl n t work was initiated to settle this discrepancy.
m ethyl ketone, however, occurs with fragm entation of T he conform ational distributi0Ils 0 f several substi- 
the C -l -C -2  bond leading to  the less stable carbanion tuted  d  j m ethyl ketones h ave been calculated  
interm ediate. This result suggests a conform ational from  nm r tra l m easurem ents. 9 Owing to  the dia-
preference in the transition sta te  of the reductive pro- tic anisot of the cy cl0 propane ring11 it has
cess where one o the cyclopropane bonds has a prefer- been ible to  calculate relative ground. sta te  Con- 
ential overlap with the carbonyl t  system  In  the case form er Iations. F rom  nm r and electron diffrac_
of the as-su b stitu ted  cyclopropane, a  steric elem ent tion datal0 it has been rted  th a t cy ciopropyl m ethyl 
causes overlap control of the reaction to  be m  com pe- ketone exists predom inantly as the sftis  conform er.
tition w ith electronic control, th e  contrasting ring- -q r • , i u - u  u j  •. , . . , . „  , , B y  way of comparison, cyclopropvlcarboxaldehyde is
opening pattern of the isomeric cyciopropyl a lkyl ke- _ , , , ,  , . , : , ,, , ,, ‘  , , , : . . . 1 . ,  ; 7  . reported1- to exist m ainly as the s -tra n s  conformer,
tones can best be explained by the consideration of Thege conformational preferences are thought to be
several conformers. owing to the size of the group attached a to the car-

bonyl carbon. It is conceivable that metal coordina- 
Ch3 h3C tion with the carbonyl oxygen could cause a shift in

X  v T /  conformational population from a cisoid distribution in
'“ V  (A f t  the ground state to a transoid population in the transi-

r C P h  ch  pu Y ~ f t P  p u  t io n s ta te -
•— - J A ^ ----- 3 A ------------- L l a A  3 T h e  compounds chosen for the present study were

A B C  cyciopropyl m ethyl ketone (1), 2,2-dimethylcyclopropyl
m ethyl ketone (2), and 1-methylcyclopropyl m ethyl 

C ^ O c O  CA /O  ketone (3). T h e  lithium  -am m onia reduction of a con-

^  X X  ¿ îe
/ chX > ch3 \ > ch3 / ~ \ > ch3 a X X  a X X

D E F  1 2  3

T h e  “ bisected conformers A  and D  represent the , , , , , , , • , ,,, , ,, , , . ,, , 1 . mgated cyciopropyl ketone can be viewed as an overall
situation where both bonds of the cyclopropane ring l  i .  , • , ,  , .
,  , .  ... ,, ,  i i j  t , two-electron process to give a carbamon-enoiate in-have equal overlap with the carbonyl 7r cloud. Because . , ,, m. , ■ , , . œ • ,,c ., \ .  , , j  , , . , . . .  . termediate.13 I he carbanion generated is sumcientlv
of the high bond-breaking selectivity of the lith iu m - , • , F  . , . , , r• , ,. ., . , ,, ., , J , basic (p A a > 50)14 to abstract a proton from ammonia
ammonia reduction it  is felt that these conformers con- ,  „  .. A  , . ,, , , ,, , . ,  „  •, -, , , ,, . ... . . . ., , . (pA„ ~  34), but the enolate that remains (p A a ~  16) is
tribute little to the transition state at the moment of . t  • , , . , . „ '

• . . .  • j  not basic enough to abstract a second proton from am-rmg opening. Rather, it  is more im portant to consider . , .. ■„ . , . , , ,,, j  , . j  / t A  , Tn , moma, and it  wifi remain until a proton source is addedthe cisoid (B and L )  and transoid (B and 1 ) gauche  con-
formers. Transition states related to conformations B  (9) J- L- Pierre and p. Amaud, Bull. soc. Chim. Ft., i69o (1966). 
and E  would be expected to lead to C - l- C - 2  fragmen- 30f t (1g f t  Barte11, J' P‘ GuiUory' and A' T ' Parks' J ' Phys' Chem" 69’ 
tation whereas conformations C  and F  would be respon- (ip h . m . McConnell, j . Chem. Phys., 27, 226 (1957).
Sible for C - l-C -3  cleavage. In the absence of a Steric (12) G- J- Karabasto3 and N. Hsi, J. Amer. Chem. Soc., 87, 2864 (1965).

___o  r  aU -  — x* 7 (13) Considerable evidence can be found in the literature to support the
e le m e n t  a t  C - 2 ,  e i th e r  o f  th e  r e s p e c t iv e  g a u c h e  c o n -  hypothesis that the „ carbon of the cyclopropane ricg acquires carbanion
fo r m e r s  (B  a n d  C  o r  E  a n d  F )  h a s  e q u a l  p ro b a b ili ty , a n d  character during the reductive process. See (a) D. H. Williams, J. M.
t h e  e le c tr o n ic  f a c to r  c o n tr o ls  t h e  r e d u c tiv e  p ro c e s s . Wilson, H. Budzikiewicz, and C. Djeraasi, J .  Amer. Chem. Soc., 8B, 2091
rp,, x x *  r x i _  i *  x * x i i ^  • (1963); (b) M. Fetizon and J. Gore, Tetrahedron Lett., 471 (1966); (c)
l h e  r o t a t io n  OI th e  c a r b o n y l  IS r e s t r ic te d  w h e n  a  CIS G# 3tork) P< Rosen, N. Goldman, R. V. Coombs, and J. Tsuji, J .  Amer.
substituent is present (for transition-state conforma- Chem. Soc., 87, 275 (196S) ; (d) H. A. Smith, B. j . L. Huff, W. J .  Powers,

tions C  and F  would be expected to be of higher en- in ’ andJ D' Ca‘“\ n  0rs\ ci em" ,32’ 28£1T.(196,7); . „ _ . .. . .  x . n .  Smith, Organic Reactions in Liquid Ammonia, Vol. 1, part 2,
e r g y ) .  J. r â n s i t i o n  s t â it e  c o n f o r m a t i o n s  B  R n d  E  R re  Interscience Publishers, Inc., New York, N. Y ., 1963.
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or it  is trapped by a reagent such as acetic anhydride.15 tilled solution of acetic anhydride. T h e  products were
T he geom etry of the lithium  enolate thus formed will be worked up in the usual m anner15 and identified b y  their
related to  the original conform er of the cyclopropyl nm r spectra in benzene.15 T he reaction products were
m ethyl ketone a t  th e  tim e of ring opening provided contam inated with varying am ounts of unreacted
th a t no equilibration of the lithium  enolate takes place starting m aterial and hydrolyzed enolate. T he results
during the trapping process. This sequence is repre- of these experim ents are shown in Table I.
sented in Schem e I.

T a b l e  I

S c h e m e  I  E n o l  A c e t a t e  C o m p o sit io n  f r o m  R e d u c t iv e

Q  . O p e n in g  o f  C y c l o p r o p y l  M e t h y l  K e t o n e s

/ \ J ^  *rans-Enola ci's-Enol % enol acetate6
0  Ketone acetate, % acetate, % in product mixture

C1 I transoid 1 4, 82 5, 18 89
Li-NH3,2e I . 2 6 , 88  7, 12 33-65*

* qQ }  1 11 3 10,70 11,30 46
j “ The t r a n s - e nol acetate  corresponds to a cisoid conformation.

I The ratios are normalized to 100%. b The remainder of the
9  product m ixture included cyclopropyl ketone and hydrolyzed

1 H+ from N„  r ’ enolate. c The ratio of t r a n s -  to  cis-enol acetate was calculated
3 H+, from NHS from the m ajor bond-breaking path.

9 e  . As shown in Schem e I the cleavage of cyclopropyl
Q m ethyl ketone (1) can lead to  tw o isomeric enol acetates

0  4  and 5. T he results of T able I  show th a t th e  pre-
|Ac’°  | a,2q dom inant conform er a t  the transition sta te  is cisoid.

OAc '  This result is sim ilar to  the conform ational preference
I | of the ground-state m olecule as found by nm r9 and

'/ x ^ ^ O A c  electron diffraction d a ta 10 as shown in Table I I .
t r a n s - e n o l  acetate  cis-enol acetate

4  5  T a b l e  I I

C o n f o r m a t io n a l  P o p u l a t io n s  o f  C y c l o p r o p y l

T he trapping of enolate anions under kinetic and M e t h y l  K e t o n e s  a s  D e t e r m in e d  b y  V a r io u s  M e t h o d s » 

equilibrating conditions has undergone extensive in- Method i  2 s
vestigation.15-17 Lithium  enolates are p articularly  re- Electron diffraction10 80:20 ±  15%
sistant to isomeric equilibration under various trapping Nuclear magnetic resonance9 70:30 70:30 50:50
conditions and have been used to  assess the exten t of Enolate trapping 82:18 88:12 70:30
kinetic control in enolate alkylations.15'18 T h e trapping “ The ratl°  1S expressed as cisoid : transoid. 

of lithium  enolates with acetic anhydride leads only to
O -acylated products yielding the respective enol ace- R eduction of 2,2-dim ethylcyclopropyl m ethyl ke- 
tates. T o dem onstrate the slowness of isomeric equil- t ° ne (2) with lithium in liquid am m onia can  provide  
ibration relative to trapping with acetic anhydride, f °ur possible enol acetates 6, 7, 8 , and 9. E n ol ace-
House and T ro s t17 treated  a specific enol aceta te  with ta tes  6 and 7 are formed from  the m ajor reductive p ath
m ethyl lithium  to  generate the corresponding lithium  whereas enol acetates 8 and 9 are  produced via the
enolate. W hen this enolate was reacylated  with acetic m inor reductive path . T he enol acetates 6, 7, and 8
anhydride, no detectable interconversion to  the other were separated on a vp c colum n (2 0 %  X F -1 1 5 0  cyano- 
geom etrical isomer was observed. silicone) and were identified by spectral comparisons

I t  is also of interest to note th a t House and co- 
w orkers15-17 were able to  separate and identify the pa a pa
structures of several enol acetates. T h e nm r sp ectra  of 9  9 Ac 9 Ac
the isomeric enol acetates show th a t the vinylic h y- \ A A .  __  ̂ \ /
drogen 3  to  the acetoxy  function is deshielded in the /  /  I / I
ds-enol aceta te  relative to  th a t of the trans-enol aceta te . 2  H H

W ith this inform ation as background, it was felt th a t 6 °
the lithium  enolates formed from  a lithium  in liquid 
am m onia reduction would provide inform ation about \ a

the transition-state conformational populations of ► / ' \  0Ac f  \  0Ac
various cyclopropyl m ethyl ketones. Th e  procedure 2 H H
utilized for enolate trapping was essentially that de- 7 9
scribed by House and K ra m a r.15 Following the lithium  and retention timeg tQ ind ndentl d
in liquid ammonia reduction the ammonia was evap- ^  E n o l acetate g ^  not detected in the d.
orated and replaced with 1 2-dimethoxyethane T h e  uct ‘mixtu b j t  because of the multip licity  of prod-
resulting suspension was added to a cold, freshly dis- uctg ^  pregence CQuld not be m led out. T h e  result

(15) h . o . House and v. Kramar, j .  Org. Chem., 28, 3362 (1963). o f  th is  t ra p p in g  e x p e rim e n t  c le a r ly  sh o w s t h a t  th e
G6) h . o . House and b . Trost, M d., 30,1341  (1965). c iso id  c o n fo rm e rs  p re d o m in a te  t h e  t r a n s i t io n -s ta te
(17) H. O. House and B. Trost, ibid., 30, 2502 (1965); see also ref 10c p o p u la tio n  d is tr ib u tio n . T h u s , in  th is  Case, th e  t ra n s i-

aifi8 ) d . Caine, M d., 29,1868 (1964). t io n -s t a t e  p o p u la tio n  d is tr ib u tio n  c lo s e ly  a p p r o x im a te s
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th e  results reported9 for the ground-state molecule spending enol acetates related to  isoam yl m ethyl ketone
(see T able I I ) .  This fact suggests th a t the solvated (12) were prepared under kinetic and equilibrating con-
electron-reductive process is very  rapid and th a t little
change occurs between the ground-state and transition- OAc
sta te  conform ations. T he insensitivity of the product
ratio  to  a change in the size of the reducing m etal is /  /  c
apparently n ot owing to a transoid geom etry. II 6 7

I t  had been reported by Pierre and A rnaud9 th a t 1- __> _j_
m ethylcyclopropyl m ethyl ketone (3) exists as a 5 0 :5 0  /  q^ c

m ixture of cis and trans conformers. One m ight expect 12

. a  ^1  /  ditions. T h e enol aceta te  ratios obtained under these
3  1 0  conditions are com pared to the ratios observed in the

enolate trapping experim ents in Table IV . T h e  rela-

^ ^ 0  — ► T a b l e  IV
3 11 E n o l  A c e t a t e  R a t io s  O b t a in e d  u n d e r

V a r io u s  C o n d it io n s  f r o m  I so a m y l

th a t  a  nonbonded interaction between the 1-m ethyl Procedure^ K etone g ? u
substituent and the a-m ethyl group would cause a shift Kinetic (isopropenyTIcetate, H+) 58 26 16
tow ard m ore transoid conform ers m  the ground state . Equilibrium (acetic anhydride, H+) 68 29 3
T h e enolate-trapping results suggest this sam e trend in Enolate trapping 88 12
the transition state.

As mentioned earlier, the reductive cleavage of a n , .  , . ,
, ' l l .  / i tive am ounts of each enol aceta te  found under kinetic unsym m etricaliy substituted cyclopropyl ketone (such .... ,. . . . .  , ,

, , i r . . ‘ , , ' „  or equilibration conditions are in good agreem ent w ithas ketone 2) can  lead to  four isomeric enol acetates. If ,, V , , , , TT ,
■ ,, ,• e ,i , , , , ,  , the d ata  reported by H ouse15 for sim ilar compounds,one examines the ratios of the frons-enol acetates 6 and TJ, .... . , , . . ,, . , /

o , • , , ,, , ,, If equilibration had occurred in the enolate-trapping
8 , which com e from  the sam e conform er via p ath  a  or 1. , . . .  , , , ,, , . -5

t •, • ., i , , , , experim ents one would h ave to  conclude th a t  the cisoidp ath  b cleavage, it is possible to  evaluate w hether one r . , . . ,
c ■ -ui r ,, , , conform er is even m ore predom inant th an  indicatedconlorm er is responsible for p ath  a  cleavage and the , , , , n  j  , , ,

c -ui c . I ,  , by the observed values. E ased  on the ground-stateother conform er responsible for path  b cleavage or , .. , , , . . ,  r . ,
v j-u u j-u j  I- , i r .i populations a com pletely cisoid conform er is unlikely,w hether both reductive paths com e from  the sam e in, , ,  r e i  ,

conform ational distribution. If  a  cisoid conform er StU1dy ° f he conform ational population of 1-
were responsible for all path  a  type cleavage and a m ethylcyclopropyl m ethyl ketone 3) presented some
transoid conform er for fragm entation through p ath  b, interesting com plications. T h e enol acetates 0  and 1
then one would expect to see a m arked con trast in the ?OXU*d any of the vp c colum ns a t
ratios of the ¿rans-enol acetates when com pared w ith  the (X 1 ™  ^ “ «silicone S E -3 0  silicone, and
overall reduction product ratio . If both cleavages Carbow ax 20 M )- H ow ever the presence of the two
were resulting from  the sam e conform er distribution, !f0merS was readlly when the nm r spectrum  in
then the bcms-enol aceta te  ratios should reflect the benzene was e x a T w o  m ethy triplets were
overall product ratio. These results are sum m arized in ° hsT " ed1 a t  5 ° ' 92 ° -88  in a ratio  of 7 0 :3 0 ,  respec-
Table I I I .  F ro m  these d ata  it is clear th a t both t lv e y ' T h ep ro d u ct.assig n m en t w a sm a d e , using the

analogy similar to  th a t of H ouse15 for the 0-vinylic  
hydrogen, on the basis th a t the isom er with the m ethyl 

T a b l e  III cis to the acetoxy  function should be deshielded relative
R a t io s  o f  t h e  irams-ENOL A c e t a t e s  to  the isomer with the trans m eth yl-aceto xy  relation-

6  a n d  8  f r o m  P a t h  a  o r  P a t h  b  C l e a v a g e  in  ship. In  addition, the vinylic m ethyl cis to the aceto xy
t h e  L it h iu m - A m m o n ia  R e d u c t io n  o f  K e t o n e  2  group should appear downfield relative to  the trans

Overall product ratio m ethyl. T h e larger peak (7 0 % ) was upheld. Using  
Run Path a Patii b Path a Path b both peaks it was clear th a t the m ajor isom er was the

2  gQ 2 0  trans-enol aceta te  10 and the m inor isom er was cfs-enol
3 31 aceta te  11. Double resonance experim ents were con-

Average 77 23 76 24 ducted with the enol aceta te  m ixture. Irrad iation  of
the vinylic m ethylene region caused a  collapse of the  
two term inal m ethyl triplets into tw o singlets. T h e  

reductive paths are proceeding from  the sam e conform a- singlet ratio  was 7 0 %  10 to 3 0 %  11. 
tional equilibrium. T h e nearly identical ratio  of the In  sum m ary, the enolate-trapping experim ents 
(rans-enol acetates to  the overall product ratio  suggests clearly show the preference for a cisoid geom etry in the
th a t the ra te  of form ation of either ring-cleaved product transition sta te  of the lithium -am m onia reduction of 
m ust be of the sam e order of m agnitude. cyclopropyl m ethyl ketones. T h e  high bond-breaking

In  order to  establish th a t the enol acetates obtained selectivity (in the cases where there is a  cfs-2-m ethyl
from  this study were kinetic products and properly substituent on the cyclopropane ring) of the process
reflected the conform ational equilibrium, the corre- strongly suggests a cisoid gauche conform ational
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T a b l e  V
E n o l  A c e t a t e s . S p e c t r a l  C h a r a c t e r is t ic s

Infrared spectrum, ,------------ Nmr spectrum S, (benzene)------------ ,
Structure „C°U cm*» Vinyl H Other

OAc
4  ' ^ y =(  1750,1695,940 4.83 0.86 (t, 3,

H '  terminal CH3,
OAc J  =  7 Hz)

1755,1665,870 4.40 H. 0.72 (distorted
Ha 4.60 Hb t, 3 Hz)

' ~ y = (  1750,1692,893 5.12 0.83 (t, 3,
J H OAc terminal CH3,

OAc J  — 7 Hz)

6  / 7 ~ \  1750,1692,935 4 .78 0.85 (d, 6 ,
H J  =  6  Hz)

OAc

13 1750,1660,870 4.50 Ha 0.78 (d, 6 ,
' h  4 .68  Hb J  =  Q Hz)

V v ^ O A e  1750,1690,910 5.05 0.83 (d, 6 ,
/ I / =  6  Hz)

H
QA 1750, 1695, 943 4 .68 1.05 (s, 9)

8 yX
1 \

H

OAc

15 1750,1660,870 4.46 Ha 0.87 (s, 9)
A 4.75 Hblla

OAc
/ W

10 CH3 CH, Could not be 1.47 (CH,) 0 .92 (t, 3,
CH separated by J  = 7  Hz,

1 vpc from the CH3-CH 2

11 cC o A c geometric isomer
1.52 (CH,) 0 .88 (t, 3,

CHj ,OAc J  =  7  Hz,
16 W  CH3-CH 2)

H CH, 1750,1698 4.78 1.39 (m, 3)
OAc

1 7  „/ Hb 1750,1660 4.50 Ha 0.90 (t, 3)
Ha 4.65 Hb

ch3 ch3
18 r \  1750,1695 5.06 1.37 (t, 3)

H OAc

preference rather than a “ bisected”  geometry in  the by House and Kramar16 were followed to prepare the kinetic and
transition state. It is especially interesting to note the equilibrium mixtures of enol acetates from various ketones.

. . . . . . .  j x j - 1 he pertinent spectral data are shown m 1 able V, and the ana-
Sim ilanty between the transition-state and ground-state lytical and mass spectral data are tabulated in Table V I. 
conformational populations. T h is  sim ilarity suggests " Kinetic Conditions. 2 -Pentanone.—A mixture of 8 .6  g (0.1 
little conformational change between these two states in mol) of 2-pentanone, 20.4 g (0.2 mol) of isopropenyl acetate, and 
the lithium -am m onia reduction 100  mg of p-toluenesulfonic acid monohydrate was stirred at

reflux for 27 hr. After the usual work-up15 the mixture was 
bulb to bulb distilled under vacuum. The normalized product 

E xperim ental Section 18 mixture was composed of 44%  irons-enol acetate 4 (retention time
, . . , 18.75 min, 20% XF-1150 cyanosilieone, 150°, 60 psi), 37%

Enol Acetate Preparations of Aliphatic Methyl Ketones under 2 -acetoxy-l-pentene (14) (21 min), and 19% m-enol acetate 
Kinetic and Equilibrium Conditions.—The procedures described s (24>25 min). The structural assignments were based on the

(19) Infrared spectra were recorded on a Perkin-Elmer Model 137 In- position of the vinylic hydrogen in the nmr spectrum in benzene.
fracord or a 237 grating spectrophotometer. Nuclear magnetic resonance ______________
spectra were determined on a Varian Associates A-60 or HA-100 spectrom­
eter. Mass spectra were recorded with either a Varian Associates M-66 or both of which were equipped with a flame-ionization detector. All materials 
a modified Consolidated Electronics Corporations Type 21-103C mass used were either reagent grade or were purified technical grades. The am-
spectrometer. An Aerograph A-90 gas chromatograph, equipped with a monia was dried by refluxing over sodium for a minimum of 30 min and was
10 ft X  0.375 in., 20%  XF-1150 cyanosilieone column, was utilized for the distilled directly into a flame-dried reaction vessel. The 1,2-dimethoxy-
separation of isomeric compounds unless indicated otherwise. Product ethane was dried by distillation from lithium aluminum hydride. Combus-
percentages were determined from vpc trace analyses using either an Aero- tion analyses were performed by the Microanalytical Department of the
graph 204 or a Hewlett-Packard F  & M Model 5720 gas chromatograph, University of California, Berkeley, Calif.
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T a b l e  V I  ously under a nitrogen atmosphere and was then pipetted into a
E n o l  A c e t a t e s . A n a l y t ic a l  D a ta  flask containing 9.4 g (90 mmol) of cold, freshly distilled acetic

Mol wt anhydride (0-5°) which was also stirred under a nitrogen at-
Molecular ,______ % Analysis,______ . mass ’ mosphere. The suspension was stirred magnetically at room

Structure formula Calcd ’ Found spectrum temperature for 4 hr. The product mixture, following the usual
. tt t~\ n  co ck oc ioc work-up, was bulb-to-bulb distilled, and the products were

H 9 44 9 62 separated and identified by vpc and spectral comparisons to the
' ' independently prepared samples. The product distribution was

14 C7W 2O2 C 65.60 65.54 128 as f0u0WS: 2 % 2-pentanone, 75% irans-enol acetate 4,
H 9.44 9.48 6%  cyclopropyl methyl ketone (1), and 17% cts-enol ace-

5 CrH^Os C 65.60 65.85 128 tate 5.
H 9.44 9.70 Enol Acetates from 2,2-Dimethylcyclopropyl Methyl Ketone

6 C9H16O2 C 69.19 69.06 156 (2).—Following the general reduction and enolate-trapping
H 10.32 10.52 procedure described for cyclopropyl methyl ketone (1) three runs

13 C9H16O2 C 69 19 68  84 156 were were made with ketone 2 . During the course of these runs
H 10 32 10 18 ^  was observed that the 1,2-dimethoxyethane appeared to be

t o w n  f' rq iQ rq m icr reaching with the excess metal present. This reaction was
1 9 i6 2 ' ' evidenced by the appearance of the monomethyl ether of ethylene

U 1U.32 lU.ol glycol and 1-acetoxy-2-methoxyethane in the product mixture.
8 C9H16O2 C 69.19 69.33 156 These two products were not included in the product distribution

H 10.32 10.40 shown in Table V II.
15 C9H16O2 C 69.19 69.28 156 The relative ratio of enol acetates from the major bond cleavage

H 10.32 10.62 were 88% irans-enol acetate 6 and 12% cis-enol acetate 7. The
10 and 11 CgHuOz C 67.57 67.42 142 average of the trans-enol acetates 6 and 8 ratios were 73%

H 9.22 10.11 irans-enol acetate 6 and 27% irans-enol acetate 8.

T a b l e  V II
A n a l y s is  o f  R e a c t io n  M ix t u r e  f r o m  2 ,2 - D im e t h y l c y c l o p r o p y l  M e t h y l  K e t o n e s

Relative retention .--------------------------------------- Relative %-------------------------------- ——.
Identification time, min Run l a Run 2& Run 3C

Neopentyl methyl ketone (19) 4 .8  2 10 3
2,2-Dimethylcyclopropyl

methyl ketone (2) 6 .5  11 20 22
irans-Enol acetate 8 8 .0  16 6 16
Isoamyl methyl ketone (12) 9 .0  17 34 12
trans-Enol acetate 6 11.8 43 24 36
Unknown 13 3 2 5
cis-Enol acetate 7 16 6 3 5
Unknown 17 2 1 1

“ Started with 1.12 g (10 mmol) of ketone 2. b Started with 0.56 g (5 mmol) of ketone 2. c Started with 1.68 g (15 mmol) of ketone 2.

The vinylic hydrogen cis to the acetoxy function has been shown16 Enol Acetates from 1-Methylcyclopropyl Methyl Ketone (3).—
to absorb at a lower field than the trans vinylic hydrogen. Following the procedure outline previously, 1.29 g (15 mmol) of

Isoamyl Methyl Ketone (12).—Similar conditions were em- 1-methylcyclopropyl methyl ketone (3) was reduced with 0.44
ployed for the preparation of enol acetates as described for 2- g (63 mg-atoms) of lithium in 200 ml of ammonia. The enolate
pentanone. The product mixture composition was 27% ketone suspension in 1,2-dimethoxyethane was added to 15.4 g (151
12, 43%  trans-e nol acetate 6, 11% enol acetate 13, and 19% mmol) of cold acetic anhydride. The mixture was stirred for
cis-enol acetate 7. 2 hr and worked up as previously described. Five products were

Neopentyl Methyl Ketone (19).—The product distribution detected and identified as follows. Product A (1.8 min) was
from neopentyl methyl ketone (19) was 69% ketone 19 (retention assigned the structure of 3-methyl-2-pentanone on the basis of
time 12.25 min), 13% irans-enol acetate 8  (17.5 min), and 18% the following data: ir (CCU) 1718 (C = 0 ) , 1460, 1355, and 1190
of 2-aeetoxy-4,4-dimethyl-l-pentene (15) (22.5 min). None of cm-1; mass spectrum (prominant peaks) m /e  100, 85, 72, 57,
the cis-enol acetate 9 could be isolated from the product mixture and 43 (base peak). Product B (2.8 min) corresponded in reten-
but when a large injection was made on the vpc column a trailing tion time to ketone 3, but the ir spectrum indicated the presence
shoulder was observed on the peak of enol acetate 8. The amount of a minor contaminant (1735, 1245, and 1045 cm-1). No peaks
of this isomer 9 was judged to be less than 1% . above 98 were observed in the mass spectrum.

Thermodynamic Conditions.—A solution of 5.6 g (49 mmol) The structure of product C (3.3 min) could not be definitively 
of isoamyl methyl ketone (12), 10.2 g (100 mmol) of acetic established. The ir spectrum indicated the product to be a
anhydride, and 55.3 mg of p-toluenesulfonic acid monohydrate cyclopropyl alcohol (3600, 3440, and 3050 cm-1),
were allowed to stir under reflux for 22 hr. After a similar Product D (3.7 min) was found to be a mixture of the trans­
work-up to that described for the kinetic procedure, the product and cis-enol acetates 10 and 11, respectively. They could not be
distribution was found to be 62% ketone 12 (21 min), 26% separated on XF-1150 cyanosilicone, SE-30 silicone, or Carbo-
trans-enol acetate 6 (24 min), 1% enol acetate 13 (29 min), and wax 20M columns. When injected on a Carbowax-KOH
11% cis-enol acetate 7 (32 min). column, the enol acetates were hydrolyzed to 3-methyl-2-

Enolate Trapping Experiments. Enol Acetates from Cyclo- pencanone, which had a retention time coincident with product 
propyl Methyl Ketone (1).—To a 200-ml portion of ammonia A. The following data were obtained from the mixture of enol
was added 0.234 g (35 mg-atoms) of hexane-washed lithium wire. acetates 10 and 11: ir (CCU) 1755, 1370, 1247, 1135, 1010, 915,
The blue solution was stirred for 30 min under a nitrogen at- and 850 cm-1; mass spectrum (prominant peaks) m /e  142, 100
mosphere and a solution of 1.016 g (12.1 mmol) of cyclopropyl (B), 85, and 43.
methyl ketone (1) in 5 ml of freshly dried 1,2-dimethoxyethane The nmr spectrum of mixture D showed that the two enol 
was added over a 5-min period. The blue color disappeared after acetates were present in a 70:30 ratio. The major product was
1 hr. An additional 0.03 g (4.6 mg-atom) portion of lithium was assigned as irans-2-acetoxy-3-methyl-2-pentene (10) based on
added to the flask. The blue color returned and persisted for the following peak positions and relative heights: nmr (CC14)
30 min. The ammonia was allowed to evaporate (4 hr) and to 5 1.47 (m, 3, CH3C = C ) and 0.92 (t, 3, J  = 7 Hz, CH3CH2).
the white salt that remained was added 100 ml of dry 1,2-di- The minor product was assigned the structure of cis-2-acetoxy-3-
methoxyethane. The milky white suspension was stirred vigor- methyl-2-pentene (11) on these peaks: 5 1.52 (m, 3, CH3C = C )
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and0.88 (t, 3, / =  7 Hz, CH3CH2). Irradiation of the methylene acetate on the Carbowax-KOH column (hydrolysis) gave a
region, in a double resonance experiment, collapsed the two peak which corresponded to the retention time of the starting
terminal methyl triplets (8 0.92 and 0.88) into two singlets. cyclopropyl ketone 3.
The ratio of the two singlets was 70:30 as observed previously for
the two triplets. R egistry  No. - 4 ,  24471-77-0  ; 5, 2447 1 -7 8 -1 ; 6 ,

The structure of l-methano-2-methyl-3-acetoxy-3-butene (4.3 2 4471 -79 -2 ' 7 2 4 4 7 1 -8 0 -5 ' 8  2 4 4 7 1 -8 1 -6 ' 10 24471-
min) was tentatively assigned to product E  on the following data: 0 0 7 . 1 , oaa7 1  oq c . 1 3  0 4 / 7 1  od n . i / i a i n n o o n
ir (CCh) 1780 ( 0 = 0 ) ,  1670 (C = C ), 1220, 1150, 1020, 965, “ ’ ¿ f t 7 , 3 ^ 71_84r9, 14< 10499-83-9 ;
955, and 900 cm-1. In the mass spectrum, peaks were observed 1541-05-5 ; 16, 15984-03-9 ; 17, 10500 -08 -0 ; 18,
at m /e  of 140, 125, 112, 98 (B), and 83. Injection of the enol 15984-02-8 .

Cyclopentadienones from  1,2,4-Cyclopentanetriones,
2-Cyclopentene-l,4-diones, and 3-Cyclopentene-l,2-diones

C urtis F . Sh e l e y 1 and Harold Shechter 

Department o f Chemistry, The Ohio State University, Columbus, Ohio 4-3210 

Received September 11, 1969

Cyclopentadienones may be prepared by enolization of 1,2,4-cyclopentanetriones, 2-cyclopentane-l,4-diones, 
and 3-cyclopentene-l,2-diones. 2,5-Diphenyl-l,2,4-cyclopentanetrione (lb) reacts with 1 and with 2 equiv of so­
dium hydride to give the corresponding mono- (5b) and dianions (4b). Dienolate 4b is converted by benzoyl 
chloride into 3-benzoyloxy-2,5-diphenyl-2-cyclopentene-l,4-dione (6). 3,4-Dibenzoyloxy-2,5-diphenylcyclo- 
pentadienone (10a), 3,4-di-p-anisoyloxy-2,5-diphenylcyclopentadienone (10b), and 3,4-diacetoxy-2,5-diphenyl- 
cyclopentadienone (1 0 c) result from reactions of lb with the appropriate acid chlorides in triethylamine. The 
structures of 10 a-c are established by reaction with N-phenylmaleimide and from the nmr of the resulting 2- 
norbornen-7-ones (12a, d, e). Cyclopentadienone 10b and benzyne yield 2,3-di-p-anisoyloxy-l,4-diphenyl- 
naphthalene (18). 3-Methoxy-2,5-diphenyl-2-cyclopentene-l,4-dione (19), prepared from lb and diazomethane, 
reacts with sodium hydride to give monoanion 20, which with p-anisoyl chloride results in 4-p-anisoyloxy-3- 
methoxy-2,5-diphenylcyclopentadienone (lOd). 3-Phenyl-l,2,4-cyclopentanetrione (lc), 3-methyl-l,2,4-cyclo- 
pentanetrione (Id), and 1,2,4-cyclopentanetrione (la) are converted by diazomethane into their correspond­
ing 3-methoxy-2-cyclopentene-l,4-diones (21, 24, and 25). Acid- and base-catalyzed deuterium exchange into 
19, 21, 24, and 25 reveal that the 2-eyclopentene-l,4-diones are converted into hydroxycyclopentadienones and 
their conjugate bases. Enolization of 3-eyclopentene-l,2-diones has been investigated. Deuterium incorpora­
tion into 4-phenyl-3-cyclopentene-l,2-dione (29a), 3,4-diphenyl-3-cyclopentene-l,2-dione (29b), and 4-methyl-3- 
cyclopentene-l,2-dione (29c) in acid solution and into 29a and 20b in basic environments indicate that these 
systems are converted into their 2-hycroxycyclopentadienones (31a-c) and their cyclopentadienone enolates 
(30a,b). Dione 29b has been prepared by nitrosation of 3,4-diphenyl-2-cyclopentene-l-one (32) to 1-oximino-
4,5-diphenyl-3-cyclopentene-l,2-dione (33), conversion of 33 by formaldehyde in acid solution into 4,5-diphenyl-
3-cyclopentene-l,2-dione (34), and isomerization of 34 by hot hydrochloric acid to 29b. The previous structural 
assignment to 2-oximino-3,4-diphenyl-3-cyclopentene-l,2-dione is incorrect and 34 is a new cyclopentene-1,2- 
dione.

Cyclopentadienone is a  highly reactive m onom er ones are potentially capable of enolizing to  substituted
whose isolation is y e t to be accom plished.2 M an y cyclopentadienones.4'6 D ePu y, et al., reported on the
te traary l- and tetraalkylcyclopentadienones2c-d and synthesis and reactions of 2-cyclopentene-l,4-dione6
certain  tri- and disubstituted cyclopentadienones such and presented evidence for its enolization to 3-hydroxy-
as 2,3,5-triphenylcyclopentadienone, 2 ,3 ,5-tri-i-b u ty l- cyclopentadienone and its enolate.6 Such enolizations
cyclopentadienone,3a cyclooctatetraeno-4-m eth ylcyclo- to give cyclopentadienone derivatives have had little
pentadienone,3b 2,5-diphenylcyclopentadienone,3c and other study and, as a consequence, serve as the basis for
2,4-di-f-butylcyclopentadienone,3d cyclopentadienones the present investigation.
containing delocalizing or bulky groups in 2 an d /o r  5 1,2,4-C yclopentanetrione ( l a ) 6 exists as its monoenol 
positions, are stable a t  2 0 -3 0 °  or m ay be generated a t  (2a) and as such is a  m oderately strong acid (pK & =
m oderately elevated tem peratures. 3-i-But-ylcyclopen- 3 .0 ), undergoing conversion into its m onoenolate (5a).
tadienone has been prepared; it dimerizes rapidly, A  second enolization would give 3,4-dihydroxycyclo-
however, a t  — 2 0 ° .3d pentadienone (3a) and in a sufficiently basic environ-

A  variety  of approaches have been used for synthesis m ent its cyclopentadienone dianion 4a. Strong elec-
or generation of cyclopentadienones.2*1 Of present tron-donating groups are expected to stabilize cyclo­
interest is th a t cyclopentenediones and cyclopentanetri- pentadienones. Present attem p ts to  dem onstrate the

existence of 3a  spectroscopically and of 4a  by reaction  of
(1) (a) Abstracted in part from the Ph.D. dissertation of c. f . s., The 2a  with strong bases have been ambiguous (see E xp eri-

Ohio State University, Columbus, Ohio, 1966. (b) This research was sup- , ^  s . j  i • , „„i+u
ported by grants from the Union Carbide Chemical Corp., the American mental Section). Additional experiments With thlS
Oil Co., the National Science Foundation, and The-Ohio State University. system have been deferred, and W O rk with 3,4-diphenyl-

(2) (a) C. H. DePuy, M. Isaks, K . L. Silers, and G. F . Morris, J .  Org.
Chem., 29, 3503 (1964). (b) For reviews of cyclopentadienones, see (o) (4) (a) y , Kogl, H. Becker, G. deVoss, and E . Wirth, Justus Liebigs
C. F. H. Allen and S. A. VanAUan, J .  Amer. Chem. Soc., 72, 5165 (1950); Chem., 466, 243 (1928); (b) C. F . Koelsch and T . A. Geissman, J .
(d) M . A. Ogliaruso, M . G. Romanelli, and E . I. Becker, Chem. Rev., 66, 261 Qrg_ Chem., 3, 480 (1938);
(1965). (5) C. H. DePuy and E . F- Zaweski, J .  Amer. Chem. Soc., 79, 3923 (1957);

(3) (a) C. Hoogzand and W. Hubei, Tetrahedron Lett., 639 (1961); (b) C. H. DePuy and E, F . Zaweski, ibid., 81, 4920 (1959); C. H. DePuy and
R . Breslow, W. Vitals, and K . Wandell, ibid., 365 (1965); (c) V. Kruerke P. R . Wells, ibid., 82, 2909 (1960).
and W. Hubei, Chem. Ber., 94, 2829 (1961); (d) E . W. Garbisch and R . F . (6) J .  H. Boothe, R . G. Wilkinson, S. Kushner, and J .  H. Wilkinson, ibid.,
Sprecher, J .  Amer. Chem. Soc., 88, 3433 (1966). 76, 1732 (1953).
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1,2,4-cyclopentanetrione ( lb )7 was initiated on the benzylic proton. The possibility that the product is 9 
assumption that its phenyl substituents would confer is excluded by experiments to be described.

Triketone lb  undergoes reaction with excess benzoyl 
R | chloride and triethylamine in benzene. Immediately

2 after the reactants are mixed at ca. 20°, the solution
\__ i  becomes deep purple, precipitation of triethylamine

H(j \ )H  hydrochloride is rapid, and a material was isolated
3 ^  which crystallizes from ethyl acetate in deep purple

// BHX j  needles. The product of dibenzoylation of lb  is 10a and
0  0 0 not 2,4-dibenzoyloxy-3,5-diphenylcyclopentadienone

ri>s JIs / r 2 Ri\ A / R̂  R‘\ X x / R2 (H) as subsequently proven. Reaction of 6 with

h A _ A h  =*=* \ - c k  b bh+ y H x
0 ^ 0  < A )  c T \ >  0 0 0

1 Ho // 4 c6H5 I c6h5 c6h3 I OCC6H5/• x  »A
rk 1 a  j,

\ ;Q / ' H 10a, R. = R, =  C6H5CO, 11
r / X  b, Rj =  R2 =  p-CH30 C 6H4C02

5 c,R , =  R2 =  CH3C02

a, R, = R2 = H d- R> = CHA  Ri = P'CH30C,,H4C02i
b, Rj = R2 = C6H3
c, Rj =C6H6;R2 = H benzoyl chloride and triethylamine also give 10a and
d, Rj = CH3; Rj = H is consistent with its assigned structure. The

. . infrared spectrum of 10a shows a broad carbonyl band
stability  to dianion 4b. I t  has been reported7 th a t lb  centered a t 1740 cm -1  which is probably a  com posite  
dissolves in aqueous sodium carbonate and in strong of arom atic ester and substituted cyclopentadienone 
al ah to give yellow and deep blue solutions, respec- frequencies and conjugated carbonyl a t  1705 cm -1 ,
tively. t  has now been established th a t these reac- T he ultraviolet spectrum  of 10a in tetrahydrofuran
tions correspond to rem oval of one and two active exhibits m axim a a t  245 (€ 60 ,000) and 48 5  m M (e 7 0 0 0 ). 
hydrogens from lb  2b to give 5b and 4b. The deep F or com parison, 2 ,3 ,4,5-tetraphenylcyclopentadienone
blue dianion 4b is produced along with 1.96 equiv of (tetracyclone) absorbs a t 262  (e 2 7 ,8 0 0 ), 342  (e 6780 ),
hydrogen upon reaction of lb -2 b  with excess sodium ancj b l2  ( e 1 3 9 0 ) s
hydride in anhydrous tetrahydrofuran. Acidification T he pm r spectrum  of 10a shows only arom atic  
°  resuRs ^  generation of lb -2 b . multiplets centered a t  r  2 .65 , 2 .35 , and 2 .0 . In  con-

T he chem istry of diamon 4b has been studied. trast, the pm r spectra of m any other tetraarylcyclo-
R eaction  0  b with benzoyl chloride yields, after work- pentadienones exhibit a  ch aracteristic sharp singlet a t
up, 3-benzoyloxy-2 ,5 - d ip h en y l^ -cy clo p en ten e-1 4 - di- ca_ T 2 .76 which is attributed  to the protons of the
one (6 rath er than the desired 3 ,4-dibenzoyloxy-2,5-di- unsubstituted  2 - and 5-phenyl groups.9 T he n atu re of
phenylcyclopentadienone (10a). M onoester 6 is dis- the substituents on the phenyl groups a t  the 3 and 4
tmguished from its C-benzoyl isomeric possibilities, 7  pogitions of a cyclopentadienone has little effect on this
and 8, by its ester carbonyl absorption a t 1750 c m - ,  signal; even though the substitu en ts m ay be varied

q from p-N,N-dicthylarnino to p-nitro and p-cyano.
11 H hypothesis ,has been advanced that electron

c6h5coci 6 \  yC depletion of the 2- and o-phenyl groups is responsible
4b Jr— 4, f°r ĥis singlet characteristic.9 If this is correct, the

C6H5CO 0 inductive and/or resonance effects responsible for this
^ electron depletion are radically altered by substitution

6 of benzoyloxy for phenyl as in 10a.
q Substituted cyclopentadienones undergo Diels-Alder

q q || reactions as dienes to give norbornene derivatives.10
|| 0 I] 0 OCC6H5 Structural proof of 10a was attempted via its addition to

CRjC J I h C A cJ I x h , C6H5 H dienophiles. Attempts to condense excess tetracyano-
/\ f\ p X Y  \ A  ethylene with 10a or with tetracyclone for 4 days at 80°

6 5 /  6 5 6 5X  \  )> \  CfiH5 resulted in complete recovery of initial reactants. A
/ 0  0 0 possible explanation for the lack of reactivity of the

# 8* 9  cyclopentadienones is that the adducts suffer severe
intramolecular strain. In contrast, both 10a and 

the product isolated shows no enolic properties either by tetracyclone react in refluxing benzene with N-phenyl-
fe r r ic  C hloride o r  b y  i ts  in fra re d  a b s o rp tio n  ( te t r a k e to n e  (8) S. B. Coan, D. E. Trucker, and E. I. Becker, J .  Amer. Chem. Soc., 76, 
7 is  e x p e c te d  t o  en olize  s t r o n g ly ) , a n d  i ts  p m r  s p e c tr u m  900 0953).

shows a sharp singlet of relative area 1 at r 5.8 for a o ^ ^ . R . T Z ^ ^ v . n A i i a n , o * .  < w .
27, 778 (1962); R. F. Doering, R. S. Miner, L. Rothman, and E. I. Becker, 

(7) L. Claisen and T. Ewan, Justus Liebigs Ann. Chem., 284, 245 (1885). ibid., 23, 520 (1958).
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maleimide, a  good dienophile but usually less reactive during recrystallization from  ethyl acetate . In  this
than tetracyanoethylene, to give 12a and 12b. These system  the phenyl groups a t the 1,6-bridgehead positions
reactions are easy to follow because of the gradual do not impose sufficient steric strain  on the 2 ,3 -endo,cis
discharge of the intense purple color of the initial cyano groups to prevent form ation of the adduct,
cyclopentadienones. Trilcetone lb  reacts with excess p-anisoyl chloride

q and w ith acety l chloride in triethylam ine to give the
[| substituted cyclopentadienones 10b and 10c. The

R2 J V R 3  h  0  pm r spectrum  of 10b exhibits a  sharp singlet a t  r  6.17 of
/  relative area 6  (m ethoxy protons). Hydrogens ortho to
'NC H the m ethoxy group appear as a doublet a t  r  3 .0 7  ( J  =

' H i "  6 5 8 . 0  cps) and those ortho to the carboxyl group appear as
q a  doublet a t  r  1.92. P ro ton s of the 2 -  and 5-phenyl

1 9  p _ P tt _ p h  groups occur as two sets of doublets a t  r  2 .63  and 2.25.
b, Rj = R2 = R3 = R4 = C6H- 1 he narrow singlet for the methoxy protons and the
c, R1 = R3 = CcH,CO);R, = R4=C6H-, simple doublet character of the anisoxy ring protons
d, R, = R, = p-CH:i0C6H|C02; R, = R, = CGH5 support the symmetrical structure assigned as 10b.
e, R, = R2 = CHjCCb; R3 = R4 = C6H3 T h e pm r spectrum  of 10c shows a sharp singlet a t  r

7 .70  of relative area 6  (acetate  m ethyls) and arom atic  
The pmr spectrum  of 12a shows a sharp singlet of multiplets centered a t  r  2 .5 . T he singlet properties of

relative area 2 a t  r  5 .4  (2 ,3  protons) and m ultiplets a t the m ethyl protons are in agreem ent with the sym -
t 2 .9 -2 .2  (arom atic protons). T he singlet ch aracter of m etrical structure of 10c rath er than  the unsym m etrical
the 2.3 protons of 12a supports the sym m etrical stru c- possibility (the acetoxy  analog of 11).
ture assigned. If the initial dibenzoyloxydiphenyl- Cyclopentadienones 10b and 10c react with N -phenyl- 
cyclopentadienone possessed the unsym m etrical stru c- maleimide to give adducts 12d and 12e. T he pm r
ture 11 and consequently gave the D iels-A lder adduct spectrum  of 12e shows aceta te  m ethyls as a sharp
12c, the 2,3 protons would likely exhibit different singlet a t  r  8 .0  of relative area 6  and the 2 ,3-succinim ide
chem ical shifts and appear as a doublet. protons as a singlet a t  r  5 .4  of relative area 2. T he

Present d ata  perm it no definite assignm ent of the m agnetic resonance of 12e thus confirms the sym -
stereochem istry of 12a or 12b. T he Alder rule 11 m etrical diacetoxy stru ctu re assigned as 10c. No
predicts the product to be endo (the 2 ,3  protons of 12a definite stereochem istry is assignable as yet to 12d and
and 12b are thus exo,exo). H ow ever, exo additions of 12e.
maleic anhydride to 6 ,6 -dim ethylfulvene and 6 ,6 -di- Saponification of adducts 12a, 10b, and 10c is of 
phenylfulvene have been observed . 12 T he stereochem - interest as a  possible source of ketol 15 and in particular
istry  of these la tter system s presum ably results from  dianion 16. Dianion 16 is a  hom oanalog of deltic acid
isomerization of the initial labile endo adducts to the dianion, C 30 32 -  (17), an oxy anion calculated to be of
m ore stable exo products. A  therm odynam ic factor in real stability . 15 As yet, however, conversions of 12a,
the isomerization apparently involves overlap of the 10b, and 10c into 15 an d /o r 16 have been unsuccessful,
apical double bond with the succinic anhydride m oiety
in the adducts. O

The model compounds possessing some of the steric I c 6H5

aspects of 12a and 12b were prepared. 1,4-D iphenyl-
cyclopentadiene reacts readily w ith N-phenylm aleim ide \
and with tetracyanoethylene to form  stable adducts (13 w  c6h / ' / ’\ - ^ n C6H5

and 14). T h e stereochem istry of 13 is assigned as H ]|
endo on the basis of the pm r spectrum  shift of the 2 ,3  0

o  A J C e H , °  9

/ ^ cn  0 V ^ \ 6/ h ^ °  2

cch 5 ^ < V n c 6h5 C6H5 y -C N  T \  — * 7 \
l  CN 'O  Q hX / N C 6H.; ( f

13 14 H T  H T
"  n  O O

protons of the succinimide m oiety from  r  6 .2  to  6 .65  1 6  1 6

following hydrogenation of the norbornene double bond,
whereas 2 ,3  endo-proton signals shift downfield . 13 The structure of the blue product arising from saponifi-
These results thus indicate th a t in this system  the cation of the above D iels-A lder adducts rem ains to be
1 ,6 -bridgehead phenyls do n ot lead to  reaction in which determined, 
the Alder rule of addition is flouted.

A dduct 14 exhibits the interesting property of 9
reversible color change from  colorless to  intense blue14 A

(11) K . Alder and G. Stein, Angew. Chem., 50, 510 (1937).
(12) J .  A. Norton, Chem. Rev., 31, 319 (1942); (b) R. B . Woodward and O'' '"O

H. Baer, J .  Amer. Chem. Soc., 66, 645 (1944). 17
(13) R. R . Fraser, Can. J .  Chem., 40, 78 (1962). ______________
(14) The nature of the chromophoric intermediate, possibly a charge-

transfer complex, is unknown. (15) R . West and D. L. Powell, J .  Amer. Chem. Soc., 85, 2577 (1963).
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Substituted cyclopentadienones react with benzyne with diazom ethane to yield a yellow solid assigned as 
w ith loss of carbon monoxide to yield naphthalene 3 -m e th o x y -2 -p h e n y l-2 -c y c lo p e n te n e -1 ,4 -d io n e  (21). 
d erivatives.16 Cyclopentadienone 10b behaves analo- T he pm r spectrum  of the product exhibits a  narrow  
gously to benzyne to give 2,3-di-p-anisoxy-l ,4-di-
phenylnaphthalene (18, 9 0 % ). T he stru ctu re of 18 is 0  0  0CH3
established by its elem ental analysis and by its pm r and R C* s > V H
infrared spectra. T he latter shows a v ery  narrow  X  7 \ H C H ' x  X  \  L H
carbonyl band a t  1735 cm -1  (arom atic ester), substi- C t io '  \ )  6 \ f  ^OCH (Y X)
tuted  naphthalene bands a t  7 7 0 -7 0 0  cm -1 , and no 21 R = CH 22 3 23
bridged absorption. Saponification of 18 yields the 24 R = CH°
known l,4-diphenylnaphthalene-2,3-diol.17 25̂  R = H

^ C6H5 singlet a t  t 7 .05  of relative area 2 (m ethylene protons)
p -C H a O C ^ C O v ^ J^ /^  and a t  r  5 .70  (m ethoxy protons), and two sets of

T  1  | m ultiplets centered a t r  2 .6  and 2.1 (phenyl protons).
/j-CIIjOC6I I ,( x / V ^  The pm r results (vinyl protons are absent) discount 22
 ̂ as the stru ctu re of the product. T h ere is no direct

O evidence which eliminates 23 as the m ethylation
18 p roduct; however, on the basis of the stru ctu re of the

r,„ , , , . ,, , parent enol (2c), possible minimum change during
T h e cyclopentadienone lb -en ol 2b system  is m ethyl- reaction of 2 and ious experience in m ethylation

ated  by diazom ethane to 3-m ethoxy-2,5-diphenyl-2- and ac lation of lb  2b; it is very  likely th a t the m ethyl
cyclopentene-l,4-dione7 (19). 1 he pm r spectrum  of 19 ether is 22
exhibits a  narrow  singlet a t  r  5 .65  of relative area 3 3-M eth yl-l,2 ,4-cyclop entan etrion e (Id ) ^ is also 
(m ethoxy protons) and a t  r  5 .9  of relative area 1 highly eno]ic and •intram oiecularly hydrogen bonded.

I ts  enol is apparently principally 2d. D iazom ethane  
9  9  rapidly m ethylates the ld -2 d  system , yielding a white

^6̂ r j V > X / ^ 6̂ 5 solid assigned as 3-m ethoxy-2-m ethyl-2-cyclopentene-
-dione (24). T he pm r spectrum  of 24 reveals 

CH:(j X) CH30 ' ~ 0  m ethylene protons a t r  7 .05  and m ethoxy protons a t  t
19 20 5 .6 5 ; there is no absorption for vinyl hydrogen. T he

stru ctu re is indicated as 24 rath er than  as 4-m eth oxy-3-  
(benzyl proton). T he infrared spectrum  of 19 exhibits m ethyl-3-cyclopentene-l,2-dione because of precedent
carbonyl absorption a t  1750 and 1690 cm -1 , double- w ith 19 (and 21) and because of m echanistic considera-
bond absorption a t 1600 .cm -1 , and vinyl ether absorp- tions.
tion a t  1200 cm -1 . I t  is of note th a t m onoalkylation M ethylation of the parent 1,2,4-cyclopentanetrione  
and acylation of lb -2 b  occur on oxygen a t  C -3 rath er system , la -2 a ,  also occurs efficiently to give the white
th an  C -l  of the cyclopentadienone. solid, presum ably 3-m ethoxy-2-cyclopentene-l,4-dione

R eaction  of 19 with excess sodium hydride results in (25). T he infrared spectrum  of the ether indicates
release of 1.09 equiv of hydrogen to  form  the blue carbonyl absorption a t  1760 and 1695 cm - 1 ; olefinic
monoanion 20. A cylation of 20  w ith p-anisoyl chloride absorption occurs a t  1600 cm -1  and vinyl ether absorp-
yields 4-p-anisoxy-3-m ethoxy-2,5-diphenylcyclopenta- tion occurs a t 1220 cm -1 . T he pm r spectrum  of the
dienone (lOd) as scarlet needles. T he pm r spectrum  of product shows methylene protons a t  t 7 .05 , m ethoxy
lOd shows a pair of narrow  singlets of equal intensity, protons a t  t 6 .0 , and a vinyl proton a t  r  3 .6 , all as sharp
both of relative area 3, a t  r  6 .38  and 6 .17 , attrib u tab le singlets. T he possible structure, 4-m eth oxy-3-cyclo-
to  m ethoxy and to  anisoxy protons, respectively. pentene-l,2-dione, is eliminated for reasons cited
P roton s of the 2 - and 5-phenyl rings occur as a sharp previously for 23.
singlet a t  r  2 .67  and a multiplet a t  t 2 .3 . T he ring Introduction  of deuterium  into the m ethoxy ethers 
proton of the p-anisoxy substituent gives the sam e 19, 21, 24, and 25 from deuterium  oxide has been
p attern  as th a t for 10b; the overall pm r properties of exam ined in basic and in acidic environm ents. R apid
lOd are thus in agreem ent with the stru ctu ral assign- exchange of benzyl hydrogen occurs in 19 in m ixtures of
m ent. deuterium  oxide, triethylam ine, and tetrahydrofuran .

R eactions of diazom ethane with 1,2,4-cyclopentane- T he deuterium  content in recovered 26a  is determ ined  
triones which are less substituted than lb  have been
investigated. T he orientation in m ethylation of these O O O
system s and deuterium  exchange of the products R, II R2 R, II R, R, I R,
thereof are of present interest. 3 -P h en y l-l,2 ,4 -cy clo - Y Y
pentanetrione ( l c ) 18 exists extensively as a yellow enol / — \  D / — \
whose infrared absorption indicates th a t its hydroxyl ^^O  O CH30  0  CH30  OD 
group is highly intram oiecularly hydrogen bonded. 26 a r  = j i= c ,  4  28
T he principal enol of l c  is apparently 2c and it  reacts R‘ =  ^ . g

(16) F . M. Beringer and S. J. Huang, J .  Org. Chem., 29 , 445 (1964). c, R L =  CH3; Rc — H
(17) M . S. Newman, personal communication of unpublished results and R 1 =  R2 =  H

gift of comparison sample.
(18) W. Wislicenus and F. Melms, Justus Liebigs A nn. Chem., 436, 101

(1924). (19) M. Orchin and L. W. Butz, J .  Amer. Chem. Soc., 65, 2296 (1943).
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from the residual benzyl pm r signal a t  r  5 .9 . During becam e ap p aren t,241» on the basis of its ultraviolet
the exchange experim ent the tetrahydrofuran  solution absorption, th a t the initial cyclopentenone is 3,4-di-
ls dark v lo Iet T he color m ay be due to perceptible phenyl-2-cyclopenten-l-one (32), and thus the struc-
concentrations of its enolate 27a. T he ethers 21 and 24 tural assignm ent to  29b is subject to question,
exchange their m ethylene protons com pletely in I t  has now been found th a t 32 reacts with butyl
deuterium  oxide-triethylam ine; pm r signals for m ethyl- nitrite and hydrochloric acid to  give l-oxim ino-4,5-
ene protons in recovered 26b and 26c are absent. I t  is diphenyl-3-cyclopentene-l,2-dione (33). E xch an ge of
thus clear th a t 19, 21, and 24 are converted into 33 w ith formaldehyde in hydrochloric acid-glacial
their cyclopentadienone-3-oxide anions 27a-c and th a t acetic acid a t  30° yields 4,5-diphenyl-3-cyclopentene-
the enolization behavior of these 2-cyclop en tene-l,4- 1,2-dione (34). In  refluxing hydrochloric acid -acetic
dione derivatives parallels th a t of the parent diketone.5 acid 34 is converted into 29b; similarly, 33 is deoxim ated
Study of base-catalyzed deuterium  incorporation in 26 and isom erizec to 29b by form aldehyde in hot hydro-
is inconclusive as yet, because the diketone is rapidly chloric acid -acetic  acid. T he previous stru ctu ral
destroyed in the alkaline environm ent. assignment to 29b is thus co rrect; however, th a t to

D euterium  exchange into benzyl or methylene posi- 2-oxim ino-3,4-diphenyl-3-cyclopentene-l,2-dione is in 
tions in 19, 21, 24, aud 25 occurs extensively (> 8 5 % )  in error and 34 is a  new diphenylcyclopentene-l,2-dione.25
deuterium oxide containing ca ta ly tic  quantities of
hydrochloric acid. T h e deuterium  content of the 0  0
recovered diketones was determ ined by pm r m ethods. II H II ,NOH
I t  is reasonable to infer th a t 3-deuterioxy-4-m ethoxy- Bu0N0) HaC0)
cyclopentadienones (28a-d) are generated as inter- / ~ 7\  H HC1 / 7 \  HCI
m ediates in these experim ents. C6H5 d CeH5 CeH5 H C6H5

A study has been initiated of enolization of 3-eyclo- 32 33
pentene-l,2-diones (29a-c) in the presence of bases and 9  Q
of acids. Such diones m ight be expected to undergo h+
facile conversion into their cyclopentadienone mono- S—T  — *  /
anions (30a-c), because these enolates contain a power- r  H • V ' r  u r  H
ful electron-donating group (0) in the 2 position and 34 29b
allow extended delocalization effects.20 E n d s  (31a-c)
derived from these diones also have the possible ad- Dione 34  is refluxing deuterium  oxide-deuterioacetic 
vantages of strong electron release a t  C -2 and of ex- acid containing a trace  of hydrochloric acid yields the  
tended conjugation21 along with contributions involving rearranged diketone 29b com pletely deuterated in the
intram olecular hydrogen bonding. methylene position. U ndeuterated 29b under the

same conditions also shows complete exchange of 
0  0  C  ̂ methylene protium  for deuterium. These observa-

R . J I ^ O  n i l ,  Rl v Jl .0 tions, along with the isomerization of 34 to 29b, indicate
X ^ Y h  \  J  that 34 and 29b undergo enolization to 31b and its enol

j, /  \j, R / \ R r  /  \  isomer. Th e  results, however, do not indicate whether
" 29 3 2 30 3 2 31 3 34 exchan£es deuterium to give deuterated 34 prior to

a R = R = H- R. = C H isomerization to deuterated 29b.
b’ R‘ = = c ’h 5-,R3 = H 4-Methyl-3-cyclopentene-l,2-dione (29c) is im portant
c, R, =R, = H; R3 = CH3 to the development of the present theory of stabilized

cyclopentadienones, since it is reported to give a ferric
4-Phenyl-3-cyclopentene-l,2-dione (29a)21 undergoes chloride te s t263 and is presumed to  have enolic prop-

deuterium  exchange for its methylene hydrogens when erties.26b I t  has been presently observed th a t 29c does
suspended in deuterium  oxide containing sodium indeed give a positive ferric chloride reaction in aqueous
acetate , and thus appears to involve enolate 30a as an solution and loses its protium  in deuterium  oxide
interm ediate.22 D euterium  is also exchanged for containing traces of hydrochloric acid. T h e detailed
methylene hydrogens in 29a in hot soluti :)ns of deu- chem istry of 29c is n ot yet com pletely clear, particularly
terium  oxide and deuterioacetic acid containing traces of in alkaline solution. Study of 29c, 3-cyclop en tene-l,2-
hydrcchloric acid. T he slow exchange of deuterium  dione, and 1,2,3-cyclopentanetrione is in progress,
into 29a presum ably occurs via enol 31a or its tautom er.

, f , udy ° f 3,4-diphenyl-3-cyclopentene- Experimental Section
1,2-dione (29b) then becam e of interest. Tins diketone
h as been p reviou sly  re p o rte d 23 as th e  p ro d u ct of h y - Properties of la .— Solutions of la 27 in water or methanol give 
d rolysis of 2 -o xim in o -3 ,4 -d ip h e n y l-3 -cy clo p e n te n e -l ,2 - positiI e ff m c chi ° ride j ests alld,show strons  broad enolic absorp-

dione as obtained from  3,4-diphenyl-3-cyclopentene-l- at 305 and 225 mM ;« 48,500). The triketone survives hot con-
one,24a butyl nitrite, and hydrochloric acid. I t  later centrated hydrochloric acid and reacts rapidly with aqueous

sodium bicarbonate with evolution of carbon dioxide to give
(20) Enolates and enols of 2-cyclopentene-l,4-diones are cross conjugated. solutions, Xmax 308 m ii (e 12,900). I n  excess 10% aqueoussodium
(21) 3. Wawzonek and C. E . Morreal, J .  Amer. Chem. Soc., 82, 439 ----------------------

(1960). (25) For detailed evidence relative to the structures of 29b and 32-34, see
(22) In homogenous solution in deuterium oxide-tetraf ydrofuran mix- Experimental Section. Reaction of 29b with hydroxylamine yields an oxime

tures containing triethylamine, sodium carbonate, or sodium bicarbonate, (see Experimental Section) isomeric with 33. I t  is likely that the oxime is 1-
29a is converted into products other than its simple deuterated analog. oximino-3,4-diphenyl-3-cyclopentene-l,2-dione.

(23) T . A. Geissman and C. F . Koelsch, J .  Org. Chem., 3, 489 (1938). (26) (a) E. Dane, J .  Schmitt, and C. Rautenstrauch, Justus Liebigs Ann.
(24) (a) F. R . Japp and E . Miller, J .  Chem. Soc., 47, 27 (1885); (b) Chem., 532, 29 (1937); (b) G. Singh, J .  Amer. Chem. Soc., 78, 6109 (1956).

C. F . H. Allen and J . A. VanAllan, J .  Amer. Chem. Soc., 77, 2315 (1955). (27) Prepared by the method of ref 6.

Cyclopentadienones ,/. Org. C h em ., V ol. 3 5 , N o . 7 , 1 9 7 0  2371



hydroxide la  has Xmoi 261 mju (c 52,500); however, the chemistry N-phenylmaleimide (1.85 g, 0.011 mol) were refluxed in dry
of this system has not been elaborated. Solutions of la in di- benzene (20 ml) for 14 hr. Removal of the solvent resulted in
methylformamide react sluggishly with sodium hydride with yellow oil which crystallized. Recrystallization from ethyl
evolution of 1 equivalent of hydrogen and formation of an in- acetate-hexane gave 13 as white needles: yield 2.2 g (60% );
soluble monosodium salt which resists further reaction with so- mp 165.5-166.2°; ir 1712 (C = 0 )  and 1770 cm- 1  (imide); pmr
dium hydride. Benzoyl chloride (2 equiv) and la in excess tri- r 7.7 (s, apical CH2), 6.25 (s, N-phenylsuccinimide protons), and
ethylamine give intractable products. Excess bromine in dioxane 3.45 (s, vinyl).
reacts with la at 0 ° to yield, after sublimation at 100° (0.3 mm), Anal. Calcd for C27H2i0 2N: C, 82.92; H, 5.38; N, 3.58.
2 -bromo-l,3,4-cyclopent.anetrione as white crystals: yield 0.40 Found: C, 83.09; H, 5.49; N, 3.55.
g (44% ); mp 152-153°; ir 3120 (enol), 1760, and 1700 cm" 1 A solution of 13 (0.61 g, 0.00156 mol) in ethyl acetate (25 ml) 
(C = 0 ) ; pmr t 6.83 (C H 2) and 0.00 (enol H). Efforts to di- was shaken with Pd-C catalyst (ca . 10 mg) and hydrogen (40
brominatelawithbromineorN-bromosuccinimide were unsuccess- psi) for 2 hr. Filtration of the hot solution and removal of
ful. solvent left off-white crystals. Recrystallization (charcoal)

Anal. Calcd for C 5H 3B 1O 3 : C, 31.35; H, 1.67; Br, 41.75. from ethyl acetate-hexane gave the 5,6-dihydro adduct of 13:
Found: C, 31.19; H, 1.87; Br, 41.62. yield 0.52 g (85% ); mp 210.8-212.0°; ir 1735, 1510, 1395, 1200

Reaction of the Dilithium Salt of lb with Benzoyl Chloride.—A (spli peak), 770 (split peak), 740, and 700 cm-1; pmr r  7.85
solution of lb (1.00 g, 0.0076 mol), enol absorption at 3220 (s, apical C H 2), 7.58 (q, ./ = 10 cps, apparently the 5,6 C H 2),
cm-1, in tetrahydrofuran (25 ml) was treated under nitrogen with 6.55 (s, succinimide moiety protons), and 2.8 and 2.3 (m, phenyl
butyllithium (9 ml, 15% by weight in hexane, 0.015 mol). A protons). Comparison with the pmr spectrum of 13 shows a shift
solution of benzoyl chloride (2.2 g, 0.0157 mol) in tetrahydro- of 17 cps (from r 6.25) of the succir.imide moiety protons, indi-
furan was added rapidly with stirring. The blue color was eating their probable exo configuration.13
quickly discharged and a yellow solution resulted. The reaction Reaction of 1,4-Diphenylcyclopentadiene and Tetracyano- 
mixture was refluxed for 4 hr, cooled, and poured over ice. The ethylene.—Tetracyanoethylene (0.62 g, 0.0004 mol) and 1,4-
aqueous mixture was extracted with ether. A crystalline mate- diphenylcyclopentadiene were refluxed in benzene (25 ml) for
rial began separating from the ether and was collected. The 20 min. The precipitate from the cooled reaction mixture was
solvent was removed and the residue was combined with the washed with cold 50% benzene in hexane. Recrystallization
precipitate. The product was recrystallized from benzene- from ethyl acetate-hexane gave 14 as white needles, yield 0.90 g
hexane to give 6 as yellow needles: yield 1.2 g (43%); mp 161- (59%), mp 164.5-165.4° dec. Adduct 14 gives deep blue solu-
161.5°; ir 1750, 1690, 1340, 1230, 1080 (split peak), 725, and tions in hot ethyl acetate. The color quickly fades as the crystals
705 cm-1; uv max (C H C I3) 310 (e 27,000) and 235 mu (e34,5000). deposit during cooling. Identical behavior results during re-

Anal. Calcd for C24H16O4: C, 78.30; H, 4.35. Found: crystallization of 14 from ethanol, with the exception that the
C, 78.44; H, 4.19. . supernatant liquid retains its blue color.

Reaction of lb with Benzoyl Chloride.—A stirred suspension of Anal. Calcd for C23Hi4N4: C, 79.83; H, 3.95; N, 16.20. 
lb (6.35 g, 0.026 mol) in dry benzene (150 ml) upon addition of Found: C, 79.95; H, 4.00; N, 15.96.
triethylamine (15 ml, 0.107 mol) gave a violet solution. Benzoyl Reaction of lb with p-Anisoyl Chloride.—A solution of lb
chloride (10 g, 0.076 mol) in benzene (30 ml) was added (10 (4.0 g, 0.0157 mol) and triethylamine (7.15 g, 0.071 mol) in
min), and a dark purple solution formed. The solution was benzene (100 ml) was stirred with p-anisoyl chloride (10.0 g
stirred at room temperature for 12 hr and filtered free of amine 0.059 mol) for 24 hr and filtered, and the solvent was removed,
salts. The filter cake was washed with benzene and the filtrates Recrystallizations of the product from ethyl acetate yielded
were combined. The solvent was removed to give a pasty red 10b as red needles: yield 5.6 g (65% ); mp 169-171°; ir 1715
solid which was recrystallized from ethyl acetate-hexane to give cm“1 (C = 0 ) ; uv max (tetrahydrofuran) 482 (e 4000) and 265
10a as large, purple needles: yield 5.75 g (47% ); mp 182-184°; m^ If 61,000).
uv max (tetrahydrofuran) 245 (e 60,000) and 485 mM(e 43,000). AnaL Calcd for CssIRuO,: C, 74.60; II, 4.45. Found:

Anal. Calcd for CsJEoOs: C, 78.80; H, 4.27. Found: C, 74.77; II, 4.68.
C, 79.14; H, 4.27 , . „ „ Reaction of lb with Acetyl Chloride.—To lb (2.0 g, 0.079
„ ^ â on ,°,f 6uwlth B enzoyl C hlonde.-A  solution of 6  (0.39 g, mol, and triethylamine (4.0 g, 0.028 mol) in dry benzene (100 ml)
0.00106 mol) benzoyl chloride (0.23 g 0.00165 mol), and tn- was added acetyl chloride (2.5 g, 0.032 mol) in benzene (20 ml)
ethylamine (2.5 ml 0.0175 mol) in tetrahydrofuran (15 ml) was during 20 min. xhe solution was stirred for 2 hr and filtered,
refluxed for 8 hr. The solution was filtered and the solvent was and the solvent wag evaporated. ^crystallization of the solid
removed to give a dark red residue. Recrystallization from ethyl from absolute ethanol resulted in 10c as dark red needles: yield
acetate-hexane resulted m dark needles of 10a, yield 0.2o g 0 _79 (30% ). mp i 65^ i68= dec; ir 1770 (acetate C = 0 )  and
(50% ), mp 180-182 , identical with that described previously 1712 cm-i (cyclopentadienone C = 0 ) ;  uv max 485 (. 1570)

Reaction of 10a and N-Phenylmaleimide.—A solution of 10a and 254 (e40 000)
(2.01 g, 0.0043 mol) and N-phenylmaleimide (1.50 g, 0.0087 , , „  , , ’ , r , TI „ ~ „  a t\ ji\ ■ 1 . /ion i\ a , ,  , ,  ) A°\ , , Anal. Calcd for C2iH160 5: C, 70.52; H, 4.47. Found:mol) m dry benzene (100 ml) was refluxed for 14 hr. At the end ^ 7 0 0 5 . j j  4  70
of this time, the intense purple color of 10 a had disappeared and ’ ' „  __ , . . . .
a clear, yellow solution resulted. Filtration and removal of „  ° f l°b  and N-Phenylmaleimide-A mixture of 10b
solvent yielded a fluffy, amorphous product, mp 175-197°. d-61 g, 0.003 mol)land N-phenylmaleimide (0 911 g, 0.0053 mol)
Chromatography on silica gel (120 g, British Drug House) and 111 benzen(t (40 ml) was refluxed for 22 hr Removal of solvent
elution with benzene (120 ml) led to recovery of N-phenylmale- §ave f J tac^  solld which was extracted with boiling ethyl acetate
imide (0.638 g). Elution of the column with methylene chloride to y:eld j,2d f  white needles yield 1.60 g (75% ), mp 225-227.50 ,
(150 ml) and removal of solventgave 12a as white needles: yield recrystallized from benzene hexane, mp 226 227.5 .
2.19 g (67% ); mp 208-208.5° from ethyl acetate-hexane. Anal. Calcd for CdHsiOoN: C, 69.00; H, 4.35; N, 1.96.

Anal. Calcd for C„H27N 07: C, 76.27; H, 4.20; N, 2.18. Found: C, 69.17; H, 4.21; N, 2.10.
Found: C, 76.37; H, 4.28; N, 2.28. Reaction of 10 c and N-Phenylmaleimide.—A mixture of 10c

Reaction of Tetracyclone and N-Phenylmaleimide.— Tetra- (0.600 g, 0.00168 mol) and N-phenylmaleimide (0.4 g, 0.0023
cyclone (3.00 g, 0.0072 mol) and N-phenylmaleimide (2.70 g, mol) in benzene (20 ml) was refluxed for 25 hr. The yellow
0.0157 mol) was refluxed in dry benzene (100 ml) for 10 hr. The solution was filtered and the solvent was removed. Recrystal-
yellow solution was filtered and the solvent was removed. Re- lization of the light tan product from ethyl acetate-hexane gave
crystallization of the yellow glass from ethyl acetate-hexane gave 12e as white crystals, yield 0.60 g (6 8 % ), mp 225-226°.
1 2 b as white needles: yield 2.6 g (64% ); mp 215-216.5°; ir Anal. Calcd for C3iIi230 7N: C, 71.21; H, 4.41; N, 2.68.
1760, 1710, 1480, 1360,' 1180, 770, and 690 cm "1; pmr mul- Found: C, 71.41; H, 4.49; N, 2.57.
tiplet. (aromatic) and r 5.3 (s, N-phenylsuccinimide moiety pro- Reaction of 10b with Benzyne.—A mixture of 10b (4.0 g, 0.0075
tons). mol) and isoamyl nitrite (2.3 g, 0.0196 mol) in dry tetrahydro-

Anal. Calcd for C3gH270 3N : N ,2.51. Found: N ,2.46. furan (100 ml) was brought to reflux. Anthranilie acid (2.6 g,
Reaction of 1,4-Diphenylcyclopentadiene and N-Phenylmale- 0.0190 mol) in tetrahydrofuran (15 ml) was added during 1 hr.

imide.— 1,4-Diphenylcyclopentadiene28 (2.00 g, 0.0092 mol) and Filtration and removal of solvent gave a brown oil which crystal-
-----------------  lized overnight. Extraction with hot ethanol gave tan crystals,

(28) S. G. Cohen, R . Zand, and C. Steel, J .  Amer. Chem. Soc., 83, 2895 mp 217-276°. Recrystallizations from benzene-hexane (char- 
(1961). coal) gave 18 as white needles: yield 3.96 g (91% ); mp 283-
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l 8Z ; fii 9 8 ? f f i 1n4p w T ~ V f in r oCi 7 ? ) oo 110 bridge C=C\); (procedure of ref 25a)]; ir 1680 (conjugated C = 0 ) ,  and 890 
pirn r 6.28 (s 6 , OCII3) and 3.40-2.16 (m, 22, aromatic protons). and 860, and 70C and 690 cm “ 1 (two monosubstituted phenyls);
r AnZal ]; .  £ al®d,J 0T C38H2S° 6: C, 78.60; IT, 4.86. Found: pmr r (ABX) pattern) 7.10 (d), 7.75 (/ =  7.0 cps, nonequivalent

c  ' +• ' i  10  a i • r o CN2), 5.4 (d, J  =  7.0 cps), and 3.3 (d, J  =  1.5 2ps, vinyl pro-
Saponification of 18.—A solution of 18 (0.318 g, 0.00055 mol) tons). 3 P

m 5%  ethanolic potassium hydroxide (1 0  ml) was refluxed for 7 Nitrosation of 32 to 3 3 .—A solution of 32 (15.0 g 0 055 mol) 
. ,  /os® c° ole4™ lxtl>re was P°ured mt°  “ Id 10% hydrochloric butyl nitrite (12.3 g, 0 .1 2  mol), and concentrated hydrochloric

acid (25 ml). The yellow precipitate was filtered, washed free of acid (4 ml) in absolute ethanol (70 ml) was warmed to 65°. The
acm, stirred for 2 hr with 5 /c potassium carbonate (5 ml), filtered, mixture was stored for 3 hr and filtered to give 33 yield 13.2 e
washed, and dried. Recrystallization from benzene (charcoal) (8 8 % ), mp 214.5-215.5° (lit . 24 mp 215-216°). ^
gave 19, yield 0.12 g (70%), mp 239-240° (lit.17 mp 241-242°). Hydrolysis of 3 3  to 3 4 .—A solution of 33 (13 g, 0.048 mol) 
A mixture of 19 with authentic 2,3-dihydroxy-l,4-ciphenylnaph- 37% formaldehyde (75 ml), and concentrated hydrochloric acid
thalene has a melting point of 238-239°. The infrared spectra ( 1 2  ml) in glacial acetic acid (75 ml) was warmed to 30° and
of the two materials are superimposable. stirred overnight at room temperature. The orange-yellow

« - ct‘0« °f ,and Diazomethane. A suspension of lb (3.0 g, product was washed with water, dried, and reerystallized from
0.0113 mol) in ether (70 ml) was stirred with an ether solution of benzene-hexane to give 34 as deep orange crystals: yield 5.0 g
diazomethane until evolution of nitrogen ceased. Excess diazo- (44% ); mp 152-155°; ir 1750 (C = 0 )  and 1700 cm" 1 (conju-
methane was removed by evaporation of half the ether; addition gated C = 0 ) ;  uv max (tetrahydrofuran) 298 (<= 27,500) and 215
of an equal volume of petroleum ether (bp 30-60°) and chilling mM (<= 20,000); pmr r 5.2 (d), 2.8 (s), and 2.75-2.50 (m), no
at 0 gave yellow crystals, mp 90-92 . Recrysta.lization from distinct vinyl preton is observed, ratio of aromatic to aliphatic
cyclohexane resulted in 2.3 g (73%) of 19: mp 94.0-94.8° protons is 11.1:1.0.
(lit.7 mp 94-95°); ir 1750, 1690 (split peak), 1590, 1450, 1350, Anal. Calcd for C„Hi20 2: C, 82.26; H, 4.84. Found: 
1320, 950, 782, and 735 cm *; uv max 320 (e 11,500) and 238 C, 82.32; H, 4 .7 5 .

(e 14,000). . . .  Hydrolysis of 34 to 29b.—A solution of 3 4  (0.320 g, 0.0013
Reaction of 19 with p-Anisoyl Chloride. A solution of 19 mol), concentrated hydrochloric acid (1.0 ml), and glacial acetic

(2.00 g, 0.0072 mol) and triethylamine (5 ml, 0.035 mol) in acid (4.0 ml) was refluxed for 2  hr. Removal of solvent under
benzene (80 ml) was added to p-anisoyl chloride (2.0 g, 0.0117 vacuum and crystallization of the residue from benzene-hexane
mol) in benzene (20  ml) in 20  min. The mixture was stirred for resulted in 29b: yield 0 .2 1  g (6 6 % ); mp 182-183° (lit. 24 mp
12 hr and filtered, and the solvent was removed. Attempts to 185-187°; ir 1760 and 1700 (C = 0 )  and 1570 cm“ 1 (split peak
recrystalhze a small portion of the red oil from absolute ethanol conjugation); pmr t 6.55 (s, CH2), and 2.7 and 2.67 (pair of s,’
resulted in decomposition of the product. The material showed phenyl protons), ratio of aliphatic to aromatic protons is 1 :5 .
similar instability to steam. Recrystallization from ether- Hydrolysis of 3 3  to 29b.—A solution of 3 3  (5 .0  g, 0.02 mol),
pentane at - 1 0  gave silky, scarlet needles of lOd: yield 0.95 37% formaldehyde (30 ml), and concentrated hydrochloric acid
™ /c)J o ^ P 3,° 'o n n i7  UV max (tetrahydrofl»-an) 482 ftp (5 ml) in glacial acetic acid (30 ml) was refluxed for 45 min.

)an -  rn/i fe 30,000) After 15 hr, the precipitate formed was washed with water,
n  7 iinn. w ^ n / 01 G26H20° 6: 75'71; 4 -88- Found: dried, and recrystallized from benzene to give 29b as yellow
C,7b.UU; H 5.01. needles, yield 1.7 g (35%), mp 186-188°, identical with previous

Reaction of lc and Diazomethane.—A suspension of lc (2.1 29b.
g, o 0114 mol) in ether (70 ml) was stirred with excess diazo- Reaction of 29b and Hydroxylamine.-Diketone 29b (0.40 g, 
methane m ether at 0 Concentration of thermxmre and sub- 0.0016 mol) in ethanol was warmed with a neutralized solution 

. Pic  n-CiV/oelne d 192 1  “  ye“ Z  of hydroxylamine hydrochloride in water (5 ml). The derivative
. _ ' • °°\’ A, iRoi cn- i ' ll formed was crystallized from ethyl acetate-acetic acid to give the
onn -wd -1 6 w / T Ug ? r :  : oxime of 29b> P«*ibly l-oximino-3,4-diphenyl-3-cyclopentene-iSOO cm (vinyl ether); uv max (tetrahydrofuran) 23o (e 13,000) j  ,2.dione, yield C.31 g (73%)i mp 24l-242° dec. ' This oxime

and 305 m ^(e 1 1 ,0 0 0 ) depresses the melting point of 3 3 .
r o o f f T n v i f i  n f ^ o » e t h a n e .- A  suspension of Id» AnaL Ca,cd for CnHl3N 02: C, 77.72; II, 4.94; N, 5.32.
(2.22 g, 0.0716 mol) in ether (30 ml) was stirred with excess di- p i r  7 7  „  “ i . m  t n
azomethane in ether at 0 °. Removal of the sol ven: gave a clear _  ’ . ’ e ’ ,d_  ' '
residue which solidified on cooling. Sublimation at 50° (0.3 . e ^change Experiments. The various ketones were
mm) gave 24 as white needles: ir 1050 and 1170 (vinyl ether) f l r/ ed  with deuterium oxide in the presence of acids or bases,
and 1710 and 1760 cm" 4 (C = 0 ) ; uv max (tetrahydrofuran) After a stated period of time, solvent was removed and the ketone
270 m/A (e 24 200) were recovered by crystallization or sublimation. Identity with

Anal. Calcd for C,H80 3: C, 60.00; H, 5.71. Found: original, nondeuterated compounds was established by com-
C 60.IT  H 5 80 panson of infrared spectra and by mixture melting point. The

Reaction i i  la  and Diazomethane.—A suspension of la (2.25 pmr. sp®ctra of re v e re d  compounds were compared with the
g, 0 .0 2  mol) in ether was stirred with excess diazomethane in onglnal spectra to determme the extent of deuterium exchange, 
ether at 0° until evolution of nitrogen ceased. Removal of the ^ O , and EtsN. To a solution of 19 (0.26 g, 0.0097
solvent and sublimation at 7 5 ° (0 .3  mm) of the res due gave 25: mol) and deuterium oxide (1 .0  ml) in dry tetrahydrofuran ( 1 2

yield 2.05 g (81% ); mp 84. 5-86.0°; uv max 262 mM (e 25,000). ml) waJ5 added triethylamine (ca. 0.01 ml). The mixture was
Anal. Calcd for C6H60 3: C, 57.14; II, 4.80. Found: C, stirred for 1 hr and the solvent was removed to yield a dark purple

57.24- H 4.77. solid which recrystallized as 3'ellow needles identical with original
Hydrogen Evolution in Reactions of Sodium Hydride with lb, The pmr spectrum at 4.2 ppm showed 80% disappearance

6 , and 19.—Solutions of lb, 6 , and 19 in tetrahydrofuran were of benzylic protons.
treated with sodium hydride in wax dispersions and the hydrogen lp> D20 ,  and HC1. A solution of 19 (0.26 g, ca. 0.001
evolved was measured. mol), deuterium oxide (1 .0  ml), and concentrated hydrochloric

In a typical determination, a weighed quantity of reactant in acid (0.01 ml) in tetrahydrofuran (10 ml) was stirred for 4 hr.
tetrahydrofuran (1 0  ml) was added, via a pressure-equalizing Removal of solvent and crystallization of the residue from cyclo­
funnel, to a stirred, heterogeneous mixture of excess sodium hexane gave 19, whose melting point (93-95°) is identical with
hydride in dry tetrahydrofuran (10 ml). The hydrogen evolved that of initial material. The pmr spectrum indicated complete
was collected over water in a gas burette separated by a Drierite disappearance of the benzylic proton at 4.2 ppm.
tube; corrections were made for the vapor pressure of water and C. 21, D20 ,  and Et3N.—A mixture of 21 (0.23 g, 0.00114 mol),
for the pressure of the measurement. Three experiments were deuterium oxide (0.80 ml), and triethylamine (ca. 0.01 ml) in
conducted with each of the ketones studied. The number of dry tetrahydrofuran (8 ml) was stirred for 6 hr and concentrated,
moles of hydrogen evolved per mole in reaction of lb, 6 , and 19 The residue was sublimed at 60° (0.3 mm) to give 2 1 , yield 0.18
was 1.93-2.01, 1.04-1.07, and 1.07-1.1, respectively. In in- g, whose pmr spectrum at r 7.05 revealed complete exchange of
dependent experiments, lb, 6 , and 19 were each recovered in methylene protium for deuterium.
acidification of solutions of their anions. D. 21, D20 ,  and HC1.—Stirring of 2 1  (0.20 g, 0.001 mol),

Structure of 32.—Ketone 32 was prepared from anhydroace- deuterium oxide (0.80 ml), concentrated hydrochloric acid (ca.
tone benzil, red phosphorus, and hydriodic acid in refluxing acetic 0.02 ml), and tet rahydrofuran (8 ml) for 14 hr, removal of solvent,
acid as yellow crystals: mp 108.5-111.0° (lit. mp 108-110° and sublimation of the residue at 60° (0.3 mm) resulted in 21
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whose pmr spectrum showed 85-87%  exchange of methylene 29a after removal of solvent showed no decomposition to have
protium for deuterium. occurred. The infrared spectrum and melting point of the 29a

E . 24, D20 ,  and Et3N.—A mixture of 24 (0.20 g, 0.00141 recovered were the same as of initial 29a. The pmr spectrum of
mol), deuterium oxide (0.80 ml), dry tetrahydrofuran (10 ml), the recovered 29a showed that 40% of its methylene protium,
and triethylamine (ca . 0 .0 1  ml) resulted in some decomposition t 6 .6 , has been exchanged.
of 24 in 6  hr. Sublimation led to 24, yield 0.12 g, whose pmr J .  29a, D20 ,  and HC1.—A solution of 29a (0.25 g, 0.0145
spectrum revealed complete disappearance of the 2.95-ppm signal mol), deuterium oxide (1.0 ml), and concentrated hydrochloric
for methylene protium. acid (0.01 ml) in deuterioacetic acid (4.0 ml) was refluxed for

F. 24, D20 ,  and HC1.—Sublimed 24 (0.19 g), obtained from 2 hr and then kept at 50° for 9 hr. 
a mixture of 24 (0.22 g, 0.00157 mol), deuterium oxide (0.80 ml),
and hydrochloric acid (ca. 0 .0 1  ml) in tetrahydrofuran ( 1 0  ml)
for 1 0  hr, contained only 1 0 % methylene protium. R egistry  N o — 6 , 22837-57-6 ; 1 0 a , 2 2 8 3 7 -58 -7 ; 10b,

.25’, D2®’ “nd Et3N.—Diketone 25 is extensively decom- 22837-59-8; 10c, 22837 -60 -1 ; lOd, 2 2 8 3 7 -61 -2 ; 12a,
posed m less than 15 min in deuterium oxide-tetrahydrofuran ' l? h  90149 03 9- 17H 99837  64  5- 12e
containing small amounts of triethylamine. 22837 -62 -3 , 12b, 2U142-03 2 , 12a, 2283/ 04 o , 12e,

H. 25, D20 ,  and HC1.—In neat deuterium oxide containing a 22837 -65 -6 ; 1 3 ,2 2 8 3 7 -6 6 -7 ; 5,6-dihydro adduct of 13,
trace of hydrochloric acid, 25 undergoes 90% exchange of its 22837 -67 -8 ; 14, 22837 -68 -9 ; 18, 22837 -69 -0  ; 24 ,
methylene protium for deuterium in 20  hr 7180 -62 -3 ; 25 , 22837 -71 -4 ; 3 4 , 22837 -73 -6 ; 1 -oxim ino-

I. 29a, D20 ,  and Sodium Acetate.—A suspension of 29a 0  a j * i_ i o i ± i o j * 0 0 0 0 7  no  r  o
(0.30 g, 0.00175 mol) in deuterium oxide (1 . 2  ml) containing 3,4-diphenyl-3-cyclopentene-l,2-dione, 2283 7 -7 2 -5 ; 2 -
sodium acetate (10 mg) was stirred for 12 hr. Examination of brom o-l,3 ,4-cyclopentanetrione, 22922-42-5 .

A New Synthesis of 2-H ydroxy-3-m ethylcyelopent-2-en-l-one. II1
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The synthesis of 2-hydroxy-3-methylcyclopent-2-en-l-one (1) was accomplished by the DMSO oxidation of 5- 
bromo-^carbethoxy-2-methylcyclopentanone (3), the side reaction of which was prevented by the addition of 
epichlorohydrin (7). The two-step hydrolysis of 5,5-dibromo-2-carbethoxy-2-methylcyclopentanone (6 ) using 
morpholine gave 1 in a pure state. On the other hand, the reaction of 2,5-dibromocyclopentanone (9) with 
morpholine gave 2-morpholino-2-cyclopentenone (1 0 ), while 2 ,6-dibromocyclohexanone (1 1 ), when subjected to 
similar conditions, was converted into 1 -cyclopentene-l-carboxymorpholide (1 2 ).

An earlier paper in this series1 described a synthesis of and accom plish the preparation of 1 from  the inter-
2-hyd roxy-3-m eth ylcyclop ent-2-en -l-on e (1) following m ediate 2 , via two routes containing 5-carb eth oxy-2-
two synthetic routes from  2-carb eth oxy-2-m ethylcyclo- h yd roxy-5-m ethylcyclopent-2-en-l-one (5) as the key
pentanone (2 ). B o th  procedures involved the oxida- precursor : the D M SO  oxidation of 3 and the hydroly-
tion of 2  with selenium dioxide and the nitrosation of 2  sis of 5,5-dibrom o-2-carbethoxy-2-m ethylcyclopenta-
with n-butyl n itrite, respectively. In  addition, it has none (6 ).
been found 1 th a t the dim ethyl sulfoxide (D M SO ) T h e D M SO  oxidation of 2-brom ocyclopentanone and  
oxidation of 5-brom o-2-carbethoxy-2-m ethylcyclopen- 2-brom ocyclohexanone gave 3-brom o-2-hydroxycyclo- 
tanone (3) gave 3-brom o-5-carb eth oxy-2-h yd roxy-5- p en t-2-en -l-on e and 3-brom o-2-hydroxycyclohex-2-en- 
m eth ylcyclopent-2-en-l-one (4). 1-one, respectively. Accordingly, this series of reac-

In  this paper, we aim  to elucidate such an abnorm al tions was confirmed to be a  ch aracteristic one of cyclic
oxidation of cyclic a-brom o ketones as described above, a-brom o ketones. Since H unsberger and T ien 2 h ave

reported th a t dim ethyl sulfoxide oxidizes hydrogen  
9  bromide to brom ine, it appeared th a t a  norm al reaction

could occur when hydrogen bromide liberated in the
1____T^COAHs reaction  was captured by such a neutral base as an

S  3  \ epoxide. T h e D M SO  oxidation of 3 in the presence of
0  0  epichlorohydrin (7) gave a norm al produ ct 5 (5 8 .5 % )
1 rH Hn | r „  along with l-brom o-3-chloro-2-propanol (8 ). E xp ected

3 y V  3 a  diketone was also obtained by the D M SO  oxidation
1------ 1 C02C2H5 It------ 1 C02C2H5 of 2-brom ocyclohexanone using phenyl glycidyl ether as

2 O S '  5 the epoxide. From  these results, the extraordinary
Br,. Jl .CH3 ^  reaction mentioned above is interpreted as follows.
Br^l P'COiCjHj T h e  existence of 7 prevents the produced a-diketone

from  subsequent brom ination, because epoxides react  
6  w ith hydrogen bromide formed in the reaction . This

9  process of the D M SO  oxidation gave 1 in an overall
5  __  ̂ yield of 2 9 %  based upon the diethyl adipate. This is a

[___ | satisfactory  result, com pared w ith the two procedures1

ŝ'CHj already described.
1 T h e brom ination of ketone 2  gave 6  in 8 5 %  yield.

------------------ Compound 1  could be prepared m erely by the hydrolysis
(1) For previous paper, see K. Sato, S. Suzuki, and Y. Kojima, J .  Org,

Chem., 32, 339 (1967). (2) X. M. Hunsberger and J. M. Tien, Chem. In d . (London), 88 (1967).
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of 6  in aqueous potassium  hydroxide. H ow ever, the supported th a t each bromo derivative of five- and six- 
basic hydrolysis of 6 brought about a ring fission m ainly m embered cyclic ketones takes a quite different action
and gave crystals (mp 1 0 8 -1 0 9 ° )  which seemed to  be in the reaction  with morpholine possessing both a strong
2,2-dibrom o-5-carbethoxycaproic acid. W hen the h y- basicity  and nucleophilicity. 
drolysis of 6 was carried out in dilute basic solution, the
cleavage was predom inant even a t  a  suitable tem pera- ^  . , _
ture in which 1 w as obtainable. Experim ental Section5

On the other hand, the treatm en t of 6  with m orpho- Reaction of 2-Bromocyclopentanone with DMSO.—Freshly 
line, followed by the acid hydrolysis, afforded 5 in 4 9 %  distilled 2-bromocyclopentanone (8.2 g, 0.05 mol) was dissolved
yield. Compound 1 was synthesized from  6  w ithout !?  50  m l..o f DMi? °  and stirred at 70° for 2  hr. After cooling,

c rp, • the reaction mixture was poured mto 10 0  ml of ice water and
the isolation of 5. This process Utilizing morpholine extracted with ether. Removal of the ether and recrystallization
n ot only gave 1 m  a to ta l yield of 3 0 %  equal to  th a t of from benzene gave 2.9 g (32%) of 3-bromo-2-hydroxycyclopent-
the D M SO  oxidation, b u t also had the advantage of 2-en-l-one, mp 152.5-154.0°, l it .6 mp 152.0-154.0°. 
being easy to  work with 5-Carbethoxy-2-hydroxy-5-methylcyclopent-2-en-l-one (5) from

1 ° f  haVe the reaction of cyclic
a , a  -dibrom o ketones w ith  m orpholine. T h e  brom ina- in 100 ml of DMSO was stirred at 70° for 7 hr. The reaction
tion of cyclopentanone with 2 mol of bromine has been mixture was cooled, poured into water, and extracted with chloro-
shown3-4 to give 2,5-dibrom ocyclopentanone (9). T h e form- After drying, the chloroform was evaporated and the
reaction of 9 with morpholine a t  2 0 °  afforded a new re^ ,al ° '1 wf  “ ed to yield 1’3 § oiA 5 -

i , /*«,\ Alternatively, DMSO was removed at reduced pressure from
typified compound, 2-m orpholm o-2-cyclopentenone ( 1 0 ) the reaction mixture, and the reulting oil was distilled to give 4 .8

together with morpholine hydrobrom ide. T he stru c- g (80%) of l-bromo-3-chloro-2-propanol [bp 66-70° (1  mm),
ture of 10 was assigned on the basis of its ir and uv d t -7 bP 92° (2°  mm)l and 5-6 g of the crude oil [bp 98-103°
spectra. T h e ir spectrum  showed conjugated carbonyl ^  mm)]. Redistillation of the latter oil gave 3.7 g (58.5%) of

n* icn n  - i  i .1  J , j  5, bp 97-99 (1 mm), lit .1 bp 97-99° (1 mm),
absorption a t  1690 cm  \  and the uv spectrum  indicated Basic Hydrolysis of 5-Carbethoxy-2-hydroxy-5-methylcyclo- 
th a t 10 possessed a  2-cyclopentenone containing a  pent-2-en-l-one (5).—A mixture of 3.7 g (0.02 mol) of 5 and 20
2-substituent [uv m ax (E tO H ) 285 m fx (e 2 0 ,0 0 0 )]. ml of 2  A  potassium hydroxide was stirred for 30 min at room

temperature. The resulting mixture was acidified and extracted 
q q with chloroform. The chloroform was distilled off and crude
i| || / \ solids were then obtained. Recrystallization from water gave

B r ^ J k ^ ^ B r  — ► J k ^ N  0  1.4 g (63%) of 2-hydroxy-3-methylcyclopent-2-en-l-one (1),
] | j I '— mp 104M06° [a mixture melting point with an authentic sample

------- from natural sources (mp 106-107°) showed no depression].
9  10 2-Hydroxycyclohex-2-en-l-one.—A solution of 28.3 g (0.16
q /— k  mol) of freshly distilled 2-bromocyclohexanone and 24.0 g (0.16
|| CO— N 0  mole) of phenyl glycidyl ether in 150 ml of DMSO was stirred

Br>s J k s^ B r  _ I \— / at 80° for 4 hr. After cooling, the reaction mixture was poured
f  j r ^ l  into 4ce wal er ar-d repeated by extracting with chloroform. The

|____ | extract was dried and concentrated yielding 33.3 g of dark oil.
U jo Distillation of this oil gave 8 .1  g (45%) of 2-hydroxycyclohex-2-

en-l-one [bp 75-76° (23 mm), lit .8 bp 83° (20 mm)], which was 
. j. . , . identified on gas chromatography by comparing the retention

T he inference concerning the present reaction times of peaks with those of an authentic sample obtained by selen-
m echanism  was based on facts th a t, although the ium dioxide oxidation8 of cyclohexanone, 
treatm en t of 9 with silver aceta te  gives a m onoacetoxy 2-Carbethoxy-5,5-dibromo-2-methylcyclopentanone (6 ).—To a 
derivative,3 diacetoxide cannot be obtained from  9 . 4 solution of 10.0 g (0.055 mol) of 2-carbethoxy-2-methylcyclo- 
T, • 1 , 1  , , , , pentanone (2) in 150 ml of carbon tetrachloride was added 20.0 g
I t  is supposed th a t morpholine m ay rem ove hydrogen f0 . 1 2 5  mol) 0;f bromine at room temperature, dropwise and with
bromide from  molecule after the m onodisplacem ent of 9 stirring. After stirring and refluxing for 20 hr, the reaction mix-
by 1,4 elimination through enolization. Consequently, ture was poured into water and the organic layer was separated.
9 affords 10 w ithout producing a dimorpholino deriva- After drying and removal of the solvent, distillation of the residual

oil gave 16.3 g (85%) of 6 : bp 115-117° (2 mm); nwD 1.4909; 
,, , i ., ,  . ,. <P°a.0260; ir (film) 1735 (ester C = 0 ) ,  1710 cm“ 1 (C = 0 ) .

On the other hand, it w as found out th a t  the reaction  AnaL Calcd for C9H12Br20 3: C, 32.95; H, 3.65. Found: C, 
of 2,6-dibrom ocyclohexanone (11) w ith morpholine was 32.88; H, 3.98.
different from  th a t of 9. Compound 11 afforded Basic Hydrolysis of 2-Carbethoxy-5,5-dibromo-2-methylcyclo-
1-cyclopentene-l-carboxym orpholide (12 ), which was pentanone (6 ).—A mixture of 6.6 g (0.02 mol) of 6 and 50 ml of

r i , 1  , , , • , 2N  potassium hydroxide was stirred at 100 for 1 hr. The
converted to 1-cyclopentenecarboxylic acid on acid resufting mixturf  was acidified and extracted with chloroform.
hydrolysis. H ow ever, when 2-brom ocyclohexanone The chloroform was evaporated and the residue was poured onto
was produced in the sam e w ay, only a substitution a column of silica gel; the column was eluted with 2 0 :1  benzene-
occurred w ithout suffering from  a ring contraction . ethanol mixture. After removal of solvents, there remained 0.5
These results of the two reactions show a new fact th a t  g ^ 7 %] ° I X’ m?  100, , 1(,)3 ’,and g of c r y s t a l . 108_ 0̂9 •. . .  , . - , . . 2-Hydroxy-3-methylcyclopent-2-en-l-one (1) from 2-Carb-
the ra v o rsk n  rearrangem ent depends on the basicity ethoxy-5,5-dibromo-2-methylcyclopentanone (6 ).—To 17.4 g
and nucleophilicity of the basic reagent and m ay be (0.2 mol) of morpholine was added 6.6 g (0.02 mol) of 6 , dropwise
considerably influenced by the steric effect of the reac- and with stirring. The reaction mixture was stirred at 35° for 
tan ts .

T he above-stated results h ave revealed an interesting T f5> Meltlng P°ints are corrected and boiling points are uncorrected.
. . .  ,  . .  . T4- *  Infrared spectra were determined with a Hitachi Model E P I-S2 spectro-

r e l a t i o n s h i p  b e t w e e n  p r o d u c t  3-nd  ring S iz e . I t  IS  photometer fitted with a sodium chloride prism. Ultraviolet spectra were
recorded with a Hitachi Model E P S-3T  spectrophotometer. The nmr

(3) P. Y . Yeh, H. C. Hsiu, and P. K. Chang, Chemistry (Taiwan), 315 spectra were determined with a JE O L  Model C-60H spectrometer.
(1955). (6) J .  D. Knight and D. J .  Cram, J .  Amer. Chem. Soc., 73, 4136 (1951).

(4) I. V. Machinskaya and A. S. Podberezina, Zh. Obshch. K him ., 28, 1501 (7) L. Blanchard, Bull. Soc. Chim. Fr., 41, 824 (1927).
(1958). (8) C. C. Hach, C. V. Banks, and H. Diehl, Org. Syn., 4, 229 (1963).
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2.5 hr. The removal of morpholine under reduced pressure gave absolute ether, 47.6 g (0.55 mol) of morpholine was added at
white crystals and 5.4 g of red oils. The crystals were filtered, room temperature, dropwise and with stirring. After standing
and recrystallization from ethanol gave 6 .1  g (91%) of morpholine overnight, the deposited morpholine hydrobromide was filtered 
hydrobromide, mp 2 0 2 °, lit .9 mp 2 0 2 °. off, and the resulting oil was distilled to yield 5 . 1  g (25.5% ) of 1 -

The filtrate was stirred with 2 N  potassium hydroxide solution cyclopentene-l-carboxymorpholide (1 2 ): bp 113-114° (0.07
for 1 hr at room temperature. The solution was then acidified mol); n20D 1.5254; dw, 1.1326; uv max (EtOH) 213 mp (c
with hydrochloric acid and extracted with chloroform. After 10,000); ir (film) 1620 (C = 0 ), 1120 cm" 1 (C -O -C ); nmr (CC14)
drying, the chloroform was evaporated to dryness and the residue 5 5.80 (broad s, 1), 3.57 (sharp s, 8 ), 2.48 (m, 4), T 8 6  (m 2)
was recrystallized from water to yield 1 . 1  g (49%) of 1 , mp 104- Anal. Calcd for Ci0H16O2N: C, 66.27; H, 7.73. Found- C 
105-5°. 66.04; H, 7.58.

Reaction of 2,5-Dibromocyclopentaone (9) with Morpholine. A solution of 1.4 g (0.0077 mol) of 12 in 12 ml of 2 N  hydrogen 
—To a stirred solution of 2 1 .7 g (0.25 mol) of morpholine in 100 chloride was stirred at 80° for 2 hr. The reaction mixture was
ml of dry ether, 12.1 g (0.05 mol) of 9 was added dropwise with then cooled and filtered, affording 0.4 g (80%) of 1-cyclopentene-
an ice-water bath cooling. The mixture was stirred for several 1-carboxylic acid, mp 124°, lit .10 mp 120-121°.
hours at room temperature. The precipitated morpholine Reaction of 2-Bromocyclohexanone with Morpholine.—To a 
hydrobromide was filtered and the removal of ether and surplus solution of 9 .8  g (0.055 mol) of 2 -bromocyclohexanone in 50 ml
morpholine under reduced pressure gave 8 .1  g of viscous oils. of dry ether, 14.7 g (0.17 mol) of morpholine was added with
The oils were crystallized after standing for a few days at —70°. an ice—water bath cooling. After standing overnight at room
The crystals that formed were recrystallized from a small amount temperature, the reaction mixture was then filtered and the
of methanol, affording 4.8 g (57.5%) of 2-morpholino-2-cyclo- resulting oil was distilled to yield 5.1 g (50.5%) of 2-morpholino-
pentenone (10): mp 63°; uv max (n-hexane) 285 mp (e 20,000); cyclohexanone, bp 114-115° (3 mm), lit .11 bp 148° (20 mm)
ir (KBr) 1690 (C = 0 ) , 1613 (C = C ), 1110 cm ' 1 (C-O -C); Anal. Calcd for C10H„O2N: C, 65.54; H, 9.39- N 7 64 
nmr (CDC13) S 6.42 (broad s, 1), 3.81 (m, 4), 3.09 (m, 4), 2.47 Found: C, 65.40; H, 9.49; N, 7.53.
(almost s, 1 ).

Anal. Calcd for C9H13O2N: C, 64.65; H, 7.84. Found: C, Registry N o .— 1, 8 0 -71 -7 ; 6 , 2445 4 -3 2 -8 ; 10, 24454 -  
64 61; H, 8.02. 3 3 . 9 . 1 2  24454-34-0 .

Reaction of 2,6-Dibromocyclohexanone (11) with Morpholine.
—To a solution containing 28.0 g (0.11 mol) of 11 in 100 ml of (iff  H. Sletter and K. Kiehs, Ber., 98, 2099 (1965).

( l i ;  M. Mousseron, J .  Jullien, and Y . Jolchine, Bull. Soc. Chim. Fr., 757 
(9) J ,  Gilbert and H. Gault, Bull. Soc. Chim. Fr., 2975 (1965). (1952!.

M echanism  of the Cationic Addition-7r,7r-Transannular 
Cyclization of Disubstituted M ethanes with 1,5-Cyclooctadiene

I wao T abushi, K a h ee  F u jita , and R yohei Oda

Department o f Synthetic Chemistry, Kyoto University, Sakyo-Ku Kyoto, Japan  

Received September 8, 1969

The reaction of 1,5-cyclooctadiene with methoxymethyl acetate, dimethoxymethane, or chloromethyl methyl 
ether (Lewis acid catalysis) afforded mainly addition—ir,x-transannular cyclization products, cis-bicyclo[3.3.0]- 
octane derivatives which exclusively consisted of mdo-2-methoxymethyl isomers, and bicvclo[3 .2 .1 ]octane 
derivatives. The stereochemistry of the products and the high tendency of cyclization showed that attack of 
methoxymethyl cation was from the outside of the boat 1,5-cyclooctadiene with a simultaneous nucleophilic 
attack of the A3 double bond on the transient carbonium ion, which was followed by a partially concerted attack 
of an anion moiety (Scheme VII).

T h e well-documented double-bond participation in COD are described which afford predom inately cyclic
carbonium  ion solvolyses1 suggests th a t unconjugated products . 6 This high proportion of cyclic products
dienes of appropriate configuration and conform ation agrees with the previously reported results from  the
should form  cyclized products upon reaction  with reaction of 1,5-C O D  with form ic acid7 and acetvl
cationic species . 2 A  suitable system  for investigating chloride . 8

this cationic ad d ition -7r ,7r-transannular cyclization is How ever, the stereochem istry of the product reported  
cis,cis- 1,5-cyclooctadiene [1,5-C O D ]. A  model indi- from  the la tte r reaction  is quite con trary  to  our findings,
ca tes th a t its  ̂boat form, shown to  be the stable con- R esults m ore sim ilar to  ours were reported for the re-
orm er by dipole m easurem ents , 3 affords the close action  of cfs,cfs-l,6 -cyclodecadiene with B r 2 in

proxim ity necessary for orbital overlap. In  addition, m ethanol9 although even these results differ in a signifi-
double-bond participation  has previously been shown can t m anner.
to  be im portant in the solvolysis of the related com - T he following paper describes the reaction  of 1 ,5 - 
pounds, A -cycloom enyl tosylate  and b ro sy lateA 6 COD with m ethoxym ethylacetate, dim ethoxym ethane,

In  the present paper, reactions of several disub- and chlorom ethyl m ethyl ether (Lewis acid catalysis),
stitu ted  m ethane-Lew is acid com binations and 1,5- F ro m  careful analysis of the stereochem istry of the

(1) P. D. Bartlett, "Neoclassical Ions," W. A. Benjamin Inc New York Products, a m echanism  for th e  Cationic ad dition-C ycli- 
N- Y- lufi5- ' ’ ’ zation  reactio n  is presented. T h e  discussion o f th is

[ e f  c w Z r U :  27O0 8 e(i8 9 3 r°L S m echanism  includes a com parison with results on sim ilar
UnnTa1? ’ ^ h '  I * * “' w T  ’’ bAUt detf le^^mechanistic investiga- (6) Preliminary reports have been presented on the subject: I  Tabushi
tions are rather scarce (e.ff. W S^Jonnson, A. van der Gen, and J .  J .  Swoboda, K. Fujita, and R. Oda, Tetrahedron L ett, 3815, 3755 (1967)
J .  Amer. Chem. Soc., 89, 171 (1967)]. m  a  r  „  n v> -c „  .  ,  ,  ’  '  1 „

(3) J .  D. Roberts, ibid., 72, 3300 (1950). S  £' s' Cantrell 7 0  A  i S T  1 6 4 3  (1959)'
(4) W. D. Closson and G. T . Kwiatkowski, Tetrahedron Lett., 6435 (1966). eydiied product wls described ’ ^ ' ° n‘y f° rmati° n ° f ^

4 2 9 ?  noam  C°pe' J ' M ' Cnsar' and P ' E ' Peterson' J - Amer■ Chem■ S°c-  82. 6»  F- M. Gipson, H. W. Guin, S. H. Simonsen, C. G. Skinner, and W.
 ̂ ' Shive J .  Amer. Chem. Soc., 88, 5366 (1966).

2376 J .  Org. Chem., Vol. 35, No. 7, 1970 T abushi, F ujita, and Oda



systems and an interpretation of the correlations and bicyclo [3.3.0 ]oct-2-yl alcohols,10 the absorption in 8n
discrepancies. at r  5.95 (broader) was assigned to the exo proton, a to

the hydroxyl, and the absorption in 8x at r 6.40 to the 
Results and Discussion endo proton.

Reaction of 1,5-COD with Methoxymethyl A cetate .- Th,e as'signmf  lt of the structure for 3a was based
The reaction gave the products shown in Scheme I. “  y sPectroscopic evidence- The infrared spec­

trum of 3 a showed the presence of methoxyl (1100 
cm -1) and acetoxyl (1700 and 1245 cm -1). The nmr 

Scheme I spectrum showed a singlet for the a  proton to the acet-

O
» , An „  „  BF.-OEt, oxyl group, very similar to the absorption reported in

+  MeOCH2Y or Zna" the spectrum of (mfc'-bicyclo [3.2.1 ]oct-8-yl acetates, 7 .6

la-c Hydrolysis of 3a produced the alcohol 13. Oxidation
H CH2OMe H CH2OMe alcohol 13 to the corresponding ketone was much
| ' ■ ! slower than oxidation of alcohol 8, a fact consistent with

/ [  \  +  /  J \  + the assigned structure for 13.11
V '-T -V  V - T - y  The acetates 6x, 6n, and 7 were not soluble in aqueous
| h v silver nitrate and were unreactive toward B r2-C H 2C12.

These saturated acetates were identified by comparison 
2ax-cx 2an—cn of their vapor phase chromatographs and infrared

a (12.3$) a (9.0$) spectra with those of authentic samples.
Yv. Y „„  nM The olefin 5 was soluble in aqueous silver nitrate and

J\. \___/  2 e reacted readily with B r2-C H 2C12. Hydrogenation on
/ i / \  +  +  P t 0 2 converted the olefin to lOn, identical with the

'^ ^ ^ i / c H O M e  l  J authentic sample from Scheme III .
Y 2 \ = /  Contrary to the previous report of a single product

3a—c 4a—c 17b,12 dehydration of cyanohydrin 16 produced two
a (13.4$) a (4.2$) cyanides 17a and 17b in a ratio of 5 5 :4 5  as determined

oUA„  „ . „ .  by analysis of either the nmr spectrum or the vapor
I 1 S  I 2  I phase chromatograph. This mixture of products is

/  +  +  ¿ T \  + more reasonable since simple t rams  elimination should
V X v  V - k y  V L y  lead to both isomers. The mixture of cyanides was

^  H F  hydrolyzed to a mixture of isomeric carboxylic acids 18a
and 18b present in a ratio of 5 6 :4 4 ; hydrogenation of 

5 6x 6n this mixture quantitatively produced a single saturated
(26.0$) (3.5$) (1-4$) carboxylic acid 19n. Completion of the reaction

AcCF scheme produced a mixture of saturated ethers lOn and
lOx, the latter compound also being synthesized by 
another reaction sequence shown in Scheme IV.

/  Reaction of 1,5-COD with Chloromethyl Methyl 
]/ Ether or Dimethoxymethane.—The reactions gave the 

7 products shown in Scheme I.
(trace) Comparison of the product composition for these two

reactions and the previously discussed reaction with 
a, Y = OAc n, Y =  endo  methoxymethylacetate are shown in Table I. Product
b, Y = C1 x, Y = exo
c, Y =  OMe

T able I
Product Composition (Per Cent)

The skeletal structure, endo-2-methoxymethyl-cfs- product 2x 2n 3 4

bicyclo [3.3.OJoctane, was determined for 2ax and 2an a 31 6 23 9 34 4 10 8
by the chemical conversion shown in Scheme II. b 22.6 26.4 12.2 38.8
Saponification of the isomeric acetates 2ax and 2an gave c 15.2 24.2 17.9 42.7
the alcohols 8ax and 8an which were converted to the 
tosylates, 9x and 9n, and reduced with lithium
aluminum hydride. The main product lOn was identi- determinations were made by chemical conversions to
fied by comparison with an authentic sample prepared appropriate derivatives and by nmr measurements,
as shown in Scheme III . Further, the brosylates l l x  (10) E w c  Wong and c c  Leej Con ;  Qhem 1245 (i964) ; 
and l ln  from the mixture of alcohols 8x and 8n W6F6 the a  proton to the hydroxyl group in ezo-cts-bicyclo[3.3.0]oct-2-yl alcohol
treated with trifluoroacetic acid and then hydrogenated absorbs at r 6.27; the absorption for the corresponding proton in the endo

~ . i/Vr, +1, • i , isomer is broader and is at r 5.91.
Oil -L tv_/2 tO glV6 lUn 3/S tne m^jor prOQUCt.  ̂ (ll) The hydroxyl function on the highly strained bridge of the bicyclic

Oxidation of the mixture of alcohols 8n and 8x with compound (e.g ., bicyclo [3.2.1 ]oct-8-yl alcohol) is reasonably expected to be
the chromic oxide-pyridine complex gave a single ke- «xidized more slowiy than that of relatively less strained compounds (e.g.

, . a o  J o  cts-bicyclo[3.3.0Joct-2-yI alcohol), because oxidation to ketone increases
tone, 12, indicating that the acetates 2ax and 2an were bond angle strain. syn-Bicyclo [3.2.1 ]oct-8-yl alcohol is oxidized 16.1 times
stereoisomers. The two were distinguished by com- faster than the anti isomer (ref 5). Therefore, it is reasonable that IS was

• r ____ a__„p Ah ̂  i_ i___ i  ̂ ^ a recovered under the reaction condition where 2ax and 2ax were completelypanson of nmr spectra oi the alcohols. B y analogy to oxidized
th e  nm r absorptions o f th e  know n exo- and endo-cis- (12) a . c . Cope and m . Brown, j . A m er. Chem . S oc., 80, 2859 (1958).
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Scheme II

H CH2OMe H CH2OMe H CH2OMe H CH2OMe

0  —  c p  ^  C j 5

OAcH OH H OTs H h

2ax, OAc (exo) /  8x, OH (exo) 9x, OTs (exo)
n, OAc (endo) /  n, OH (endo) n, OTs (endo) t

CrO.,-Py/8" \ BsC, / Hl‘ Pt
/  / NaBH, y .y  /

H CH2OMe h  CH2OMe j j  CH2OMe

d b  d c  - ^ ^ c b
O H OBsH H 5

^  llx, OBs (exo)
n, OBs (endo)

AcCh HO TsO.

P *  P .  V  p l „ „ ,  = •  P „
3a 13 14

Scheme III Scheme IV

HO H 9^ oh H SC13

cp cp —  O + Hca — cp ^
H H H

15  H CN 16 ?  f  ■" H £H,OH
f  I 9 N A "  P ,  LiAIH, / p - \  1. NaH

c p  * 0 : 5  s -  c p  - < p
H 17b 19* 21x
17a H CH2OMe

H 18b 10*
18a

H C02H tt C02Me rrn , • , . , .
1  | ! I  he chemical conversions and interconversions are sum-

/  p \  i- soci2 / ^ p \  UAiH, marized in Scheme V.
V P /  2. MeOH* v b /  ” Mechanism of the Reaction.— The formation of the

^ methoxymethyl cation from methoxymethyl acetate
19n 2 0  and a Lewis acid and its attack on a double bond have
H CH2OH ch2OH been previously reported.13
I :  i j  2 After the attack  of methoxymethyl cation on one

P "  " A  +  Â °~Mel, double bond, the resultant carbonium ion was attacked
C -  ~y  V P /  competitively by an anion to give the noncyclized

H H product or by A5 double bond to give the cyclized prod-
2111 2lx u ct- Therefore, the amount of the cyclized product

H CH20Me tt CH2OMe iorrr-ed in the reactions of 1,5-COD with CH3OCH 2Y
f  ' ■ y depends on the nucleophilicity of the anions: B F 3-

A cOCH2OCH3, 89 .8% ; ZnCl2-C lC H 2OCH3, 6 1 .2 % ; 
Y - ' P y  and B F 3-(C H 30 ) 2CH 2, 57.3% . As the nucleophilicity

H H1n h3) R. Oda, K. Fujita, and I. Tabushi, J .  Chem . S oc. J a p . ,  P u re  Chem.
1Un 10x Sect., 37, 756 (1966).
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Scheme V

H CH2OMe H CH2OMe MeO.
f  ! \  H MeO CH2OMe

1,5-COD +  MeOCHjOMe £ £ >  + < ^ >  +  +  M

0Me „ om”
1. NaH /  2 c x  2 c n  3c
2  M el/

H CH2OMe
I  • M e l-A g jO  M e l— A g ,0

’ A £  H ?H2OMe HO.

$ >  X L
/  8 n  13

H CH2OMe H CHaOMe C1\
I  J  \  H Cl CH2OMe+ + 0  + + M

ClH Cl H ' \ = s
2 b x  2b n  3b  4 b

\ ^ N a -M e O I^ /  Na-MeOH

H ?H2OMe K *

< ± >  CHaOMe

H W
lOn

of Y _  increases, OAc~ <  C l-  <  OMe~, the cyclization The stereochemistry of the acetoxyl group shows that 
tendency (cyclizability) of 1,5-COD decreases. This step c, the attachm ent of the acetate ion, is not com-
is consistent with the idea that the stronger nucleophile pletely concerted with steps a and b. If step c were
competes more effectively with the A8 double bond, concerted with a and b, the acetate ion should attack
resulting in decreased cyclizability. In the attack of the endo position of C6 (as shown in step c of Scheme
methoxymethyl cation on one double bond of 1,5-COD, V I ) ; if step c is nonconcerted, the thermodynamically
exclusive formation of the endo-methoxymethyl isomer favored exo product should predominate. The ob-
results despite its expected thermodynamic instability14 served exo/endo ratio of 1.37 to 1.00 indicates that step
relative to the exo isomer. Thus, the product is kinet- c is only partially concerted with a and b. Also sup-
ically controlled, and attack  by the methoxymethyl porting this contention by indicating the formation of
cation is from the outside of the preferred boat form of free endo-6 - m ethoxym ethyl-m -bicyclo [3.3.0 ]o ct-2 -y l
1,5-COD with a simultaneous nucleophilic attack of cation, (22) is the isolation of 3a and 5. The latter, a
the A5 double bond on the transient carbonium ion bicyclic olefin, is the result of loss of a proton from this
(step b), leading to new bond formation between Ci and carbonium ion 22. The former, a bicyclo [3.2.1 ] deriv-
Cs as shown in Scheme VI. ative, results from the breaking of the C8-C i bond of the

carbonium ion 15 with subsequent formation of a bond 
Scheme VI from C8- C 2 and concerted attack  of acetate ion at the

c , , Ci position (see Scheme V II).
AcO-.f V - .b V-* +

rCHpOMeor '
M eOCH2OAc ^---------- ScHEME V n

7 8 H CH?OMe

(14) endo-cis-Eicyclo [3.3.0]oct-2-yl alcohol gave a mixture of 61%  exo / ~ |  \  CH2OMe ^ Ĉ VN
alcohol and 39%  endo alcohol upon refluxing with aluminum isopropoxide in V. 1 1 /  ._____! ¿\
isopropyl alcohol. Also, endo-CTS-bicyclo[3.3.0]octane-2-carboxylic acid was + \ I /  1 ~ \ CH2OMe
readily converted to the exo isomer on treatment with hot alcoholic base: pj I AcO
A. C. Cope, M. Brown, and H. E . Petree, J .  Amer. Chem. Soc., 80, 2852
(1958). 2 2  3a
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The remaining products isolated, 6 x, 6 n, and 7, arise substituted cis-bicyclo [8.3.0 ]octanes indicates that the 
from a secondary reaction in which the elements of radical attacked the boat form of 1,5-COD from the 
acetic acid are added to 1,5-COD. The best rational- inside of the double bonds, just the opposite of cationic
ization of this is that it involves proton transfer from attack (Scheme I X ). In the cationic addition, the
carbonium ion 2 2  to 1,5-COD, resulting in olefin 5 and
a new carbonium ion, bicyclo[3.3.0]oct-2-yl cation (23), Scheme IX
which reacts with acetic acid to give 6 x, 6 n, and 7 (see _
Scheme V III ) . 6 ^  H &

Scheme V III /  / V\ RX \  , „

H CH.OMe \  \  V H
V I . __ {

/  r \  1.5-COD _____  . X

'V -̂4—N' and/or 23 ^
® MeOCH2OAc

2 2  outside attack of the cation with concerted intra-
H CH,OMe H molecular participation of the double bond seems to
I  ! ¥ decrease remarkably the energy of the transition state

/  \ \  +  /  | )>  or +CH2OMe relative to that of the nonconcerted process. In  the
+ radical reaction, on the other hand, the energy decrease

H H of the transition state in the concerted addition is less
5 23 im portant; instead, the free-radical intermediate is best

stabilized when it is on the 7r-electron cloud. 
oac and/or MeOCH2OAc In contrast to the high cyclizability of 1,5-COD in

reaction with methoxymethyl acetate, 1,5-hexadiene 
H shows little cyclization (< 1 0 .3 % ) under the same con-

N. ditions. The marked difference in their cyclizabilities
' y  +  may be ascribed to differences in their entropies of

7  activation. In order to achieve x  overlap with the 
I h ] /  carbonium ion, the open-chain diene loses 2  degrees of

A c 0  7  internal rotational freedom, resulting in a considerable
6x decrease in the preexponential factor. The importance

” of this entropy factor may be seen in the amount of
. cyclized product of the following solvolyses: formoly-

The e x o / e n d o  ratio of the bicychc esters 2 a also de- sis of A4.pentenyl nosylate, 0 % , 16 compared with A4-
pen s on the nucleophihcity of the anion in the system. evclooctenyl brosylate, 89%  ;5 acetolysis of A5-hexenyl
Thus, the addition of methoxymethyl acetate (B F 3-  nosvlate, 73 % , 16 compared with u-(A2-cyclopentenyl)-
O E t2 catalyzed) gives the acetates 2a with e x o /e n d o  propyi_i brosylate, 100%  ; 17 acetolysis of A4-cyclo-
ratio of -3D. For acetic acid addition (B F 3-O E t 2 heptenyl-methyl brosylate, 9 0 % ,«  compared with A6-
cata yzed) this ratio is 1.67, while for formic acid cyclodecenyl nitrobenzoate, 100% .«
addition (perchloric acid catalyzed) it is 2.26. This 
increasing e x o /e n d o  ratio reflects a decreasing amount
of concerted character of step c. Experimental Section20

The outside cationic attack on a cyclic diene system Reaction of cis ,cfs-l,5-Cyclooctadiene with Methoxymethyl 
(step a) with concerted cyclization (step b) is similar to Acetate.—A solution of 10.8 g (0.1 mol) of 1,5-COD in 20 g of
that reported recently for the addition of B r 2 in meth- 1 ,2 -dichloroethane was added over 1 hr at 6 8 ° to a mixture of
anol to m ,cfs -l,6 -cyclodecadiene. 9 The isolation of 1 0 ‘4  g ( 0 ' 1 mol) of methoxymethyl acetate, 2 . 8  g (0 .0 2  mol) of

t i[4 .4 .0  Jaecane, ind icating  a concerted  step  C, is con- was poured into saturated sodium bicarbonate and extracted
tra ry  to  exp ectation  based on our resu lts; i t  is qu ite  with ether. The ether layer was washed with water, dried (Na2-
possible th a t  only th e  m a jo r product was iso lated  and SO»), and concentrated. Upon distillation, 3.0 g of a mixture of
reported. A  m ore serious discrepancy exists in  th e  c^dn-6 -methoxymethyl-cfs-bicyclo[3.3.0] oct-2 -yl acetates (2 ax

« - f t  *“  ™ - 2 - » ? yl-6 -ch lo ro ^ -b i-
cyclo [3 .3 .0Joctane was formed in the reaction of 1,5- distillate (5 . 0  g), bp 6 6 ° (15 mm) and 9 4 ° ( 1 2  mm), contained
COD with acetyl chloride under A1C13 catalysis. Two endo-6-methoxymethyl-m-bicyclo[3.3.0]oct-2-ene (5 ),cfs-bicyclo-
possibilities may explain this contradiction: (1 ) [3.3.0]oct-2-yl acetates (6x and 6n), and <mif-bicyclo[3.2.1 ]oct-
heterogeneity of the reaction or (2 ) isomerization from ----------------
en d o  to ex o  isomer in his procedure for the replacement w- D- Johnson, d . m . Bailey, r . Owyang, r . a . Beil, b . jaques,
of chlorine w ith hv d roecn  usina- sodium in /-hiitvl and J ' K' CrandaI1' J - Amer- Chem■ S o c 8 S ’ 1959 (1964i-:  / 1 nyurogen using soaium  in  t DUtyl (17) W. D. Closson and G. T. Kwaitkowsky, ib id .. 86, 1887 (1964).
alcohol. (18) G. LeNy, C. R . A cad. S c i., P a r is , 251, 1526 (1961).

An interesting difference exists in the free-radical (19) p- D- Bartlett and s- Bank> J - Chem . S oc., 83, 2591 (i96i).
rv (20) Analyses were by the Microanalytieal Laboratory, Department of

Pharmaceutical Sciences, University of Kyoto, Japan. Boiling points are 
| I uncorrected. Nmr spectra were determined with a JMN-3H-60 recording

addition of CHCls, H CN M e2, and CH 3CH to 1,5-COD spectrometer, u  spectra were determined with a Nihon Bunko Model IR-S 
„„ i J u - i - i u i i K i r u - i i -  » „  spectrometer. For vpc, columns (210 cm, 3.0-mm i.d.) packed with silicone
as reported by Dowbenko. 1 The isolation of e x o -2 -  dc  550 , p e g  20M, or Apiezon l  were used. In the descriptions of nmr

absorptions, s, d, t, m, and b correspond to singlet, doublet, triplet, multiplet, 
(15) R. Dowbenko, Tetrahedron, 20, 1843 (1964). and broad, respectively.
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8-yl acetate (7) together with many minor unknown products. raphy (PEG 20 M, silicone DC 550, and Apiezon L) and infrared 
lhe products were identified by comparison with the vapor phase spectroscopy.
chromatographs, infrared spectra, and nmr spectra of authentic Trifluoroacetolysis of the Brosylates of the Mixed Alcohols, 
samples. The infrared spectrum of the mixture of 2 ax, 2 an, and 8x, 8n, and 13.—A solution of 1.02 g of the mixed alcohols 8x’
3a had strong bands at 1740, 1245, and 1100 cm A The nmr 8n, and 13 in 4.9 ml of pyridine was added dropwise at 0° to 3.05
spectrum (CCh) of the mixture exhibited absorptions at t  6.87 g of p-bromobenzenesulfonyl chloride in 4 . 9  ml of pyridine,
(s, OCH3), 6.67-7.25 (b, OCH2), 8.14 (s, CH3CO2 ), and 7.25-9.0 After stirring for 16 hr, water was added, and the reaction mix-
(b, other protons). The absorption for the H a  to the acetoxy ture was extracted with ether. The ether extract was washed
group varied. 2 ax r 5.35 (b, cndo-H), 2 an 4.95 (b, exo-H), 3a with 6  N  hydrcchloric acid and saturated aqueous sodium bi-
5.44 (singlet, syre-H). _ carbonate and was dried (MgSCh). Evaporation of the ether

Anal. Calcd^for C12H20O3 (mixture of 2ax, 2 an, and 3a): gave a viscous oil, a mixture of the p-bromobenzenesulfonates.
C, 67.89; H, 9.50. Found: C, 67.72; H, 9.47. This oil was added at 0° to a mixture of 1.08 g of sodium acetate

Hydrolysis of endo-6-Methoxymethyl-«s-bicyclo[3.3.0]oct-e:ro- and 27.36 g of triftuoroacetic acid, and the mixture was stirred
and -mdo-2 -yl Acetates (2ax and 2an) and mdo-2-Methoxy- at 0° for 2  hr. Water was added and the mixture was extracted
methylbicyclo[3.2.1]oct-anif-8-yl Acetate (3a). One gram of the with ether. The oil obtained by evaporation of the ether was
mixture of the acetates 2ax, 2an, and 3a was hydrolyzed with hydrolyzed with 1.2 g of sodium hvdroxide, 12 ml of water, and
methanolic sodium hydroxide (5 g of sodium hydroxide, 25 g 20 ml of methanol at 50° for 1 hr." The hydrolysis mixture was
of methanol, and 5 g of water) to give 0.8 g of the corresponding extracted with ether, and the extract was dried (MgSCh).
alcohols, bp 90—97 (7 mm). The infrared spectrum of this Evaporation of ether gave an oily residue which contained
mixture 8x, 8n, and 13 exhibited strong bands at 3360 and 1100 16.1% mixed alcohols 8x, 8n, and 13 and 70.4% (combined)
cm '• The nmr spectrum (CCh) of each acetate isolated from two olefinic products which readily reacted with Br2-C H 2C12.
the mixture by the following procedures exhibited absorptions The olefinic products were hydrogenated over P t0 2 catalyst at
at t  6.85 (s, O C H 3 ) ,  6.60-7.15 (b, O C H 2) , and 7.3-9.3 (b, other atmospheric pressure to give 2-emfo-methoxymethyl-ci's-bicyclo-
protons). The absorption of the H a  to the hydroxy function [3.3.0]octane (lOn) as one of the major products,
varied: 8x r 6.40 (b, cndo-H), 8n 5.95 (b, exo-H), 13 6.47 endo-2-Methoxymethyl-cis-bicyclo[3 . 3 .Ojoctane (lOn).—The
(singlet, sj/n-H).  ̂ cyanohydrin 16 was prepared from the sodium bisulfite adduct of

Oxidation of the Mixed Alcohols 8x, 8n, and 13 with Chromic ci«-bicyclo[3.3.0]octan-2-one (15) with potassium cyanide by 
Oxide in Pyridine. A solution of 3.7 g of the mixed alcohols in Cope’s procedure. 22 To a stirred solution of 5.5 g of the cyano-
37 ml of pyridine was stirred with a mixture of 5.94 g of chromic hydrin 16 in 10 g of pyridine and 20 ml of ether was added 7.9 g
oxide in 74 ml of pyridine at room temperature for 8 hr. The of t-hionyl chloride with ice cooling. After refluxing for 2 hr, the
reaction mixture was poured into ice-water and extracted with mixture was poured onto 100 g of ice. The ether layer was
ether. The ether extract was washed with 6  N  hydrochloric acid separated, washed with water and saturated aqueous sodium
and saturated sodium bicarbonate and was dried (MgSCh). bicarbonate, and was dried (MgSCh). Distillation at 80-90° (5
Distillation afforded the following: fraction A, bp 85-109° mm) produced 2.7 g of a mixture of two cyanides 17a and 17b.
(7 mm), 1.28 g; fraction B , bp 109-111° (7 mm), 0.47 g; fraction The nmr spectrum (CC14) of the mixed cyanides exhibited 
C, pb 1 1 1 ° (7 mm), 0.19 g. Fraction A was shown by vpc on absorptions at r 3.80 (t, with an intensity corresponding to 55.4%
PEG 20M and Apiezon L to be a single ketone, endo-6 -methoxy- of olefinic protons) and 6.05-9.20 (b, other protons). Thus the
methyl-cis-bicyclo[3.3.0joctan-2-one ( 1 2 ): ir (neat) 2940, 1738, ratio 17a: 17d was determined as 55.4:44.6 from nmr, which was
and 1100 cm-1; nmr (CCh) r 6.85 (s, OCH3), 6.5—7.1 (b, OCH2), supported by vpc (54.8:45.2).
7.1-9.0 (b, other protons). Fraction C was unreacted anti- The mixture of cyanides (5.3 g) was refluxed with 4.5 g of 
bicyclo[3.2.1]oct-8-yl alcohol (3a) of which nmr spectrum is potsssium hydroxide, 0.85 g of water, and 22 ml of diethylene 
cited above. glycol for 48 hr. The solution was poured into 140 ml of water

Reduction of endo-6-Methoxymethyl-cis-bicyclo[3.3.0]octan-2- which was washed with benzene. After acidification with 6  N
one (12) with Sodium Borohydride.—A solution of 1.0 g of the hydrochloric acid, the aqueous layer was again extracted with
ketone 12  in 7.5 ml of methanol was stirred with 0.9 g of sodium benzene. The benzene extract was washed with saturated sodium
borohydride in 19 ml of methanol at room temperature for 3 hr. chloride and dried (MgSCh). Distillation at 112.5-114.0° (0.65
After removal of the methanol under reduced pressure, the mm) gave 2.8 g of a mixture of the two acids 18a and 18b.
residue was carefully acidified with 2  N  hydrochloric acid. This The nmr spectrum (CCh) of the mixed acids exhibited absorp-
solution was extracted with ether. The ether extract was dried tions at t  2.11 (s, COOH), 3.35 (d, olefinic proton, with an
(MgSCh) and evaporated to give 0 .8  g of an alcohol 8n. The intensity corresponding to 56% of olefinic protons), and 6 .20-
infrared spectrum of the product showed complete conversion of 9.00 (b, other protons). Thus the ratio 18a: 18b was determined
the ketone to the alcohol 8n. This alcohol, distilled at 90-97° as 56:44 from nmr.
(7 mm), was determined as 8n by analysis of nmr spectrum The mixture of the two acids (1.2 g) was hydrogenated over
(vide supra). The structural assignment is supported by the 0.14 g of 10% Pd-on-Norit catalyst in 13 ml of absolute ethanol
fact that the hydride reduction of m-bicyclo[3.3.0]octan-2-one at atmospheric pressure to give 1.1 g of the saturated endo-
gives mainly endo-cts-bicyclo[3.3.0]oct-2-yl alcohol. 21 carboxylic acid 19n.

Reduction of the Tosylates of the Mixed Alcohols 8x, 8n, and One gram of this acid was refluxed for 3 hr with 19 ml of thionyl
13, with Lithium Aluminum Hydride.—A solution of 5 g of the chloride. After removal of the thionyl chloride in vacuo, 2 ml of
mixed alcohols 8x, 8n, and 13 in 24.5 ml of pyridine was added methanol was added to the residue with ice cooling and stirring,
dropwise to 11.5 g of p-toluenesulfonyl chloride in 24.5 ml of Ether was added, and the solution was washed with water and
pyridine at 0 °. After standing at room temperature overnight, saturated aqueous sodium bicarbonate and was dried (MgSCh). 
150 ml of water was added, and the mixture was extracted with On distillation, the methyl ester 20 was obtained at 79-80° (3
ether. The ether extract was washed with 6 N  hydrochloric acid mm) together with a small amount of an unknown ester. The
and aqueous saturated sodium bicarbonate and was dried. Re- ester was used in the following reaction without further purifi-
moval of the ether at reduced pressure produced a pasty oil. cation.
Its infrared spectrum showed complete conversion of the alcohols A solution of 0.7 g of 20  in 20 ml of ether was added below
to their tosylates (from the disappearance of the OH stretching —10° to a suspension of 0.095 g of lithium aluminum hydride in
band). Dissolution of the oil in ether and reduction with 0.1 g 20 ml of ether, and the mixture was stirred at room temperature
of lithium aluminum hydride gave two hydrocarbons, neither overnight. After the usual work-up, a mixture of the alcohols
of which reacted with Br2-CH 2Cl2. These were tentatively 2 1 n and 2 1 x (in ratio of 70.0:30.0 as determined by vpc) was
identified as mdo-2-methoxymethyl-cis-bicyclo[3.3.0]octane (lOn) obtained. These alcohols were treated with 0.6 g of methyl
and encto-2-methoxymethylbicyclo[3.2.1]octane (14). The prod- iodide and 1 .5 g of silver oxide to give the methyl ethers 1 0 a and
uct composition was determined by vapor phase chromatography lOx, bp 70° (17 mm) and 65° (10 mm), in a ratio of lOn: lOx of
(silicone DC 550): lOn (53.2% ), 14 (13.7)%, starting alcohols 68.2:31.8 (determined by vapor phase chromatography with
(11.9% ), and two unknown products (5.0% ). 1 On was identical PEG 6000 column). The spectral data on the mixed ethers
with an authentic sample (vide infra) by vapor phase chromatog- follow: ir (neat ) 1100 cm-1; nmr (CCh) t 6.75 (superposition of

the singlet from CH30  and the multiplet from OCH2) and 7.3-9.2

(21) H. C. Brown and AV. J. Hammar, J .  A m e r .  Chem, Soc., 89, 6378 
(1967). ' (22) A. C. Cope and W. R. Schmitz, ib id ,, 72, 3056 (1950).

Addition-C yclization of D isubstituted Methanes J. Org. Chem., Vol. 35, No. 7, 1970 2381



(other protons). lOx was identical with authentic ether as Anal. Calcd for CioHnOCl: C, 63.83; H, 9.04; Cl, 18.62. 
shown by vpc (PEG 6000, silicone DC 650, and Apiezon L). Found: C, 63.36; H, 9.19; Cl, 18.24.

cxo-2 -Methoxymethyl-c!5-bicyclo[3 .3 .0] octane (lOx).—The The skeletons of 2bx and 2bn were ascertained by the reduction
ezo-carboxylic acid 19x was obtained from hydrolysis of eso-2- to lCn. The stereochemistry and the product composition of
trichloromethyl-cfs-bicyclo[3.3.0]octane by Dowbenko’s pro- 2bx, 2bn, and 3b were determined by the nmr measurement of
cedure.16 A solution of 3.4 g of this acid in 20 ml of tetrahydro- the a proton to chlorine. The chloride 2bx was shown by vpc
furan was added to a suspension of 4.3 g of lithium aluminum (Apiezon L  and PEG 20M) to be identical with an authentic
hydride in 20  ml of tetrahydrofuran with stirring and cooling in sample obtained from the chlorination of 8n with phosphorus
an ice bath. The mixture was then stirred at 40° for 22 hr. After pentachloride. 24
the usual work-up, the exo alcohol 21x which was obtained, was Reduction of 2bx, 2bn, and 3d with Sodium in Methanol.—To
dissolved in 20 ml of ether and stirred with 0.28 g of sodium a solution of 1.9 g of the mixture of chlorides 2bx, 2bn, and 3d in
hydride overnight at room temperature. A solution of 39.7 g of 6.4 g of methanol was added 2.3 g of sodium metal in small
methyl iodide in 50 ml of tetrahydrofuran was added to the re- portions with stirring. After the spontaneous refluxing ceased,
action mixture, and the mixture was heated at reflux overnight. the mixture was heated to maintain reflux until the sodium dis-
After addition of water, the mixture was extracted with ether. appeared. The mixture was neutralized with dilute hydrochloric
The ether layer was dried (M gS04), concentrated, and distilled acid with ice cooling and was extracted with ether. After
to give the exo-methyl ether lOx, bp 90-93° (42 mm). This was evaporation of the ether, the residue was shown by vpc (silicone
shown to be a single product by vpc (PEG 8000, silicone DC 550, DC 550) to consist of two products (53.3 and 46.7% ). One was
and Apiezon L). The spectral data follow: ir (neat) 2860,1455, identical with an authentic sample of lOn as demonstrated by vpc 
1385, 1260, 1190, and 1100 cm-1; nmr (CCh) r 6.75 [super- (PEG 20M and silicone DC 550), and the other was assumed to
positon of singlet (OCH3) and multiplet (OCH2)] and 7.3-9.2 be 14.
(other protons). Reaction of 1,5-COD with Dimethoxymethane.—A solution

exo-cis-Bicyclo[3.3.0]oct-2-yl Acetate (6x).—exo-cis-Bicyclo- of 21.6 g of 1,5-COD in 30 g of dichloromethane was added to a
[3.3.0] oet-2-yl alcohol was prepared by the reductive cleavage solution of 15.6 g of dimethoxymethane and 5.6 g of boron tri-
of cfs-bicyclo[3.3.0]oct-2-ene oxide with lithium aluminum fluoride-ether complex (47 wt % ) in 30 g of dichloromethane with
hydride. 23 A mixture of 0.5 g of the alcohol and 2.1 g of acetic stirring at 31-41° over 7 hr. Stirring was continued for 93 hr at
anhydride was maintained at 60° overnight. The mixture was 35-37°. Then the mixture was poured into saturated aqueous
poured into saturated sodium bicarbonate and extracted with sodium bicarbonate and was extracted with ether. The ether
ether. The ether layer was washed with water, dried (Na2S 0 4), extract was washed with water, dried (M gS04), and concentrated,
and concentrated to give the practically pure acetate (shown by Distillation at 112-114° (10 mm) afforded 4.93 g of a mixture
vpc analysis). of the mdo-6-methoxymethyi-e?s-bicyclo[3.3.0]oct-2-yl methyl

endo-cis-Bicyclo[3.3.0]oct-2-yl Acetate (6n).—cfs-Bicylco- ethers (2cx and 2cn), endo-2-methoxymethyl-bieyelo[3.2.1]oct-
[3.3.0] octan-2-one (15) was reduced with sodium borohydride anti-8-yl methyl ether (3c), and an olefin 4c, which was removed
to give endo-cis-bicyclo[3.3.0]oct-2-yl alcohol.21 The acetate was from the mixture by extraction with aqueous silver nitrate, 
obtained as described above for 6x. The nmr spectrum (CC14) of the mixture of isomers exhibited

arch'-Bicyclo[3.2.1]oct-8-yl Acetate (7).—Addition of formic absorptions at t 6.55-7.20 (b, OCH and OCH2), 6.75 (s, OCH3),
acid to 1,5-COD (perchloric acid catalysis) followed by hydrolysis and 7.20-9.20 (b, other protons). Since the nmr absorptions of
gave a mixture of alcohols.7 4-Cyclooctenol-l was removed from OCH were not separated from those of OCH2, the nmr measure-
the mixture as previously described.7 A solution of 15 g of the ment did not define the stereochemistry of 6 -methoxyl group,
remaining alcohols in 200 ml of pyridine was added to a mixture Anal. Calcd for CuH20O2: C ,71 .69 ; H, 10.94. Found: C, 
of 32 g of chromic oxide in 400 ml of pyridine. The reaction 71.43; H, 10.85.
mixture was stirred at room temperature for 4 days. The By comparison of the infrared spectra and vapor phase chro-
mixture was poured into ice-water and extracted with ether, the matographs (Apiezon L  and PEG 20M), the products were shown
extract being washed with saturated aqueous sodium bicarbonate, to be identical with the ether from the hydrolysis products of
dried (M gS04), and concentrated. Distillation gave a first 2ax, 2an, and 3a obtained in the reaction of 1,5-COD with
fraction composed of a mixture of oxidized products, bicyclo- methoxymethyl acetate.
[3.3.0] octan-2-one (15) and bicyclo[3.2.1]octan-8-one and a endo-6-Methoxymethyl-cis-bicyclo[3.3.0]oct-2-yl Methyl Ethers
second fraction, bp 60° (5 mm), of unoxidized anti-bicyclo- (2cx and 2cn) and endo-2-Methoxymethyl-bicyclo[3.2.1]oct-<mif-
[3.2.1] oct-8-yl alcohol. This solid alcohol had the following 8-yl Methyl Ether (3c) from 8x, 8n, and 13.—To a solution of 1 .7
nmr spectrum (CC14): r 6.47 (s, Cs-H), 7.50-8.75 (b, other pro- g of ‘ he mixture of 8x, 8n, and 13 (obtained from the hydrolysis
tons). The corresponding acetate 7 was obtained from the re- of 2ax, 2an, and 3a) in 20 ml of tetrahydrofuran was added 2 . 4  g
action of the alcohol with acetic anhydride as described for 6x. of sodium hydride (50% ). After the mixture was stirred at

Reaction of 1,5-COD with Chloromethyl Methyl Ether.—A reflux for 5 hr, the mixture was cooled in an ice bath, and 14.2
solution of 25.9 g of 1,5-COD in 25 g of 1,2-dichloroethane was g of methyl iodide was added. After reflux for 24 hr, water was
added at room temperature over 2 hr to a solution of 19.2 g of added to the mixture, and the mixture was extracted with ether,
chloromethyl methyl ether and 1.5 g of zinc chloride in 25 g of The ether extract was dried (M gS04) and concentrated to give
1,2-dichloroethane. The reaction mixture was stirred at room the methyl ethers 2cx, 2cn,“ and 3c.26 Vapor phase chromatog-
temperature for 38 hr after which it was poured into saturated raphy (PEG 20M) showed complete conversion of the alcohols
aqueous sodium bicarbonate and extracted with ether. The to their methyl ethers,
ether layer was washed with water, dried (M gS04), and concen­
trated. Distillation at 121-169° (10 mm) produced 14.3 g of a r , - -  *]■_ • • ■. -  r r̂\T\ ie e n  in  i .i
mixture of the emfo-6 -methoxymethyI-cis-bicyclo [3 .3 .0 ] oet-2 -yl ® ^  1552-12-1, methoxy-
chlorides (2bx24 and 2bn), endo-2-methoxymethyl-bicyclo[3 .2 .1 ]- m ethyl acetate, 4382-76-7; chloromethyl methyl ether, 
oct-anif-8-yl chloride (3b), and an olefinic product 4b which was 107-30-2; dimethoxymethane, 109-87-5. 
removed from the mixture by extraction with aqueous silver
nitrate The mixture of 2bx 2bn, and 3b had the following Acknowledgment.—The authors are grateful to Dr
spectral properties: nmr (CCU) of a  proton to chlorine, r  5.6 m - l i r i v
(m, 2bx), 5 . 9  (m, 2bn), and 6.06 (s, 3b); ir (neat) 1 1 0 0 , 7 5 5 , E lv a  M ae  N lcholson for stim u lating  discussions.
and 725 cm "1.
-------------------  (25) 2cn from 8n. A mixture of 0.5 g of 8n, 1 ml of methyl iodide, and

(23) I. Tabushi, K. Fujita, and R. Oda, unpublished data. 0.1 g of silver oxide was refluxed for 4 hr. Ether (six washings) was used to
(24) 2bx from 8n. A solution of 0.2 g of 8n in 2 ml of dichloromethane dissolve the organic product from the precipitate, and the ether extracts

was heated to reflux for 2 hr with 0.3 g of phosphorus pentachloride. The were dried (MgSO<). Evaporation of ether gave practically pure endo
mixture was poured into water and extracted with dichloromethane. The methyl ether 2cn, as demonstrated by vpc (PEG 20M).
dichloromethane extract was washed with saturated aqueous sodium bi- (26) 3c from 13. A mixture of 0.19 g of 13, 1 ml of methyl iodide and
carbonate and was concentrated to give the chloride 2bx. The product was 0.1 g of silver oxide was refluxed for 4 hr. The procedure described above
contaminated by a small amount of impurity as shown by vpc (PEG 20M for the conversion of 2cn to 8n produced practically pure methyl ether, 3c
and Apiezon L). (shown by vpc on PEG 20M).
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Nuclear M agnetic Resonance Chem ical Shifts of 
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exo- and endo-as-bicyclo[3.3.0]octr2- and -3-ols and their acetates were prepared in a stereoselective fashion 
and the nmr chemical shifts of the proton a  to hydroxyl and acetoxyl were measured. The endo-2 proton was 
found to be more shielded than the exo-2 proton, as expected, but the exo-3 proton was found to be considerably 
more shielded than the endo-3 proton, quite contrary to previous predictions. This unusual shielding effect was 
interpreted by calculations (using McConnell’s equation) based on probable conformations of bicyclooctane.
The best fit to the observed chemical shifts was obtained when the “W” conformation was adopted except for the
2-exo-o\ or -acetate, which were assumed to be in the “S” conformation because of the conformational energies 
of the hydroxyl or acetoxyl groups.

The stereochemistry of the as-bicyclo [3.3.0 joctane stereochemistry of each of the four alcohols. See Table 
(hereafter abbreviated as the 3 . 3 . 0 )  system, substituted I  for a summary of product composition, 
in the 2 and 3 positions, has been defined by certain
reactions of the system.1’2 Hydroboration of the Table I
3 . 3 . 0 - 2-ene (I) gave mainly two alcohols, the e x o - S . 3 . 0 -  p  n , , , T, . ,,
2- ol (Iix) and the 3 . 3 . 0 - 3-ol (IIIx), assumed to be the ________________ Product „ _______________
e x o  isomer (IIIx ).3 Lithium aluminum hydride or Reaction iix nn nix nin ivx ivn”' 
sodium borohydride reduction of the 3 . 3  0 - 2-one (V) 1 44 t° 56 t
yielded predominately the e n d o - 3 . 3 . 0 - 2-ol (Iln), con- 2a 90 10
taminated by a small amount of the e x o  isomer;3'4 2b 83 t 17 t
reduction of the 3 . 3 . 0 - 3-one (VI) also gave two alcohols 3 20 80
in a 4 :1  ratio,4 the major of which was assumed to be 4 20  80
the en d o  alcohol and the minor to be the e x o  isomer „  14 866 77 23(IIIx). This stereochemistry is reasonable on the
basis of steric approach control where the e x o  side of the T ’ J h a  '
3 . 3 . 0  system is less hindered than the e n d o  side.

Using this defined stereochemistry, we unexpectedly , Worthy of note is the relatively low stereoselectivity
found that the nmr chemical shift required that the 111 the reduction reactions. Reduction of the epoxide
3-  e x o  proton of the 3 . 3 . 0  is more shielded than the 1Yx gave a 5:1 ratio of I ix : IIIx . This is consistent
3- e n d o  proton, contrary to the previous prediction.6 with Brown’s report of reduction of an asymmetrically
This suggests the possibility that the often assumed hindered epoxide giving both isomers.7 We also found
hypothesis of the greater shielding of e n d o  protons that hydride reduction of VI gave a 4 :1  ratio of
might be incorrect, and that in some cases, the e n d o  I IIn :IIIx , contrary to a previous report of exclusive
side is actually less hindered. formation of the e n d o  isomer I l ln .4

In the present paper, we present the observed chemi- Nmr Chemical Shift and Conformation. Nmr mea- 
cal shifts of isomeric 3 . 3 . 0  alcohols and their acetate surements were carried out in carbon tetrachloride with
derivatives, the absolute configurations of which were  ̂ values determined from â  TMS-chloroform double
ascertained independently. Calculation of the nmr reference standard. In addition to the measurement
shielding effects for each 3 . 3 . 0 - 2- and 3-ol using various on each pure alcohol, nmr spectra were run on each
conformational models is presented and a comparison possible combination of alcohols in order to avoid error
with the observed shifts is made. from slight changes in the conditions of measurement.

The observed S (and AS values) are shown in Table II.
Results and Discussion

Table II
Preparation and Stereochemical Identification of the Observed « Values of Protons « to Hydroxyl and

3 . 3 . 0  Alcohols and Their Acetates.—The e x o  and e n d o  Acetoxyl Groups
isomers of the 2- and 3-hydroxybicyclo[3.3.0]oetanes 2n H 3x H 2x H 3nH
were prepared as shown in Scheme I. This series of OH 3.73 3.93 4.09 4.16
reactions in conjunction with the previously deter- aOc 4.73 4.92 5.09 5.18
mined stereochemistry of Iix  and Iln 6 defined the

The most interesting finding was that the a  e n d o  
(1) I. Tabushi, K. Fujita, and R. Oda, T etrahedron  Lett., 3755, 3815 proton of the 3 . 3 . 0  3-alcohol Or acetate is leSS shielded

(^ 2 )̂For example, a . c. Cope, m . Brown, and h . e . Petree, j . A m er. Chem . than the correspondinga e x o  proton. This is contrary
S oc., so, 2852 (1958). to the previous prediction that the e n d o  proton should

(3) H. C. Brown, W. J Hammar, J. H. Kawakami, I. Rothberg, and be more shielded, than the 6 X 0  proton, a  prediction
D. L. V. Jagt, %bid., 89, 6381 (1967). i • i i i i • i t  i i , • . ^  , , ,

(4) Only the endo alcohol Illn was reported as the produst of the hydride WxliCll WES DES6CI Oil SillOlulIlg CRlCUlS-tlODS ID. WD1CD tiDG 
reduction of the 3.3.0-3-one (VI): R. Granger, P. Nau, and J. Nau, <7. R .
A cad. S c i P a r i s , 247, 2016 (1958). (6) Iix and Iln were obtained by the acid-catalyzed addition of formic

(5) The previous calculation was made by assuming that the 3 .S .0  was acid to c is ,m-l,5-cyclooctadiene followed by hydrolysis: A. C. Cope and 
constructed of two planar cyclopentane rings: W. B. Moniz and J. A. Dixon, P. E. Peterson, ib id ,, 81, 1643 (1959).
J .  A m er. Chem . S oc ., 83, 1671 (1961). (7) H. C. Brown and N. M. Yoon, ib id ., 90, 2686 (1968).
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Scheme I  droxy to remain equatorial alters the conformation of
H the 3 .3 .0  skeletal system. This is consistent with the

O k i. b,hs recent finding8 that the J  value of the a  proton of
*■ \  I ^  „,, .. 2-e«do-ethyl-3.S.O-2,3-cts-diol indicates it to be “S”

i  shaped with the larger ethyl group adopting an equa-
H torial configuration and thus determining the conforma-
1 tional stability.

H H Actually, both of the “W ” and “S” conformers seem
/ \ / \  to twist somewhat in order to avoid torsional strain; the

/  +  \  +  extent should not, however, be large since the “T -U ,”
“T -W ,” and “C2” conformers give unsatisfactory

H H calculated shielding. Our present assumption of
TT IIIx concurrent contribution of “W ” and “S” conformersllx can also explain r  and J  values of some other 3 .3 .0  

H derivatives. For example, the following values were
/ /^ s- reported: S 3.18, J a- n =  3.6 Hz for V II ; and 5 3.72,

^  J  a—x  =  5.0 Hz for V III.9 These J  values cannot be 
i  I  ̂ interpreted on the basis of the assumption that either

OH the “W ” or “S” conformer alone is present (from the
Hn IIIn Karplus equation, . /A— x  =  5.0 Hz corresponds to

„  Z H aH x  ~  3 5 ° ; it then follows that / a- n is larger than
I  I  7 Hz).

■ ^  c f e  +  c f e  «  H H

- 0 c R °  < f e :
LiAiH, (very minor) Ha OMe Ha OMe

IVx >■ IIx IIIx (2b) VTT \7TTTor A1HC12 . . . . . .  V VIII
orBH3/B H r(ma]°r)

„  Experimental Section
H IIX■ (minor) Preparation of I.—I was prepared from 1,3-cyclooctadiene by

LiAlHj isomerization with potassium.10
I y  ---------- v +  (3) Preparation of IVx.—To 8.4 g (77.8 mmol) of I in 200 ml of

v F s /  orNaBH, j j n chloroform was added dropwise 18 ml of a chloroform solution of
H Jl (major) perbenzoic acid (1.03 N ). During the addition, the temperature

IIx +  Iln rvn /  U was maintained below 25°; then the reaction mixture was stirred
f- i Py /  y  at room temperature for 2.5 hr. The mixture was washed with

IIIx +  IIIn 2-separation \  tt 10% aqueous NaOH solution three times, dried (Na2SO<), and
\  i! j j j x concentrated. Distillation afforded 7.4 g of IVx, bp 83-87° (43

LiAlH4 mm). n80 0D 1.4740. Vpc analysis (Apiezon Grease L, silicone
N. ,^= 0  W? DC-550 and PEG 6000) showed that, IVx was accompanied by

orNaBH, a small amount of IVn which was identified with the authentic
H llln sample (vide infra). Pure IVx, obtained by preparative vpc,

VT had the following spectral values: nmr (CC14) t 6.72 (t, C3 H,
J  = 2.2 Hz), 6.85 (d, C2 H, J  = 2.2 Hz), and 7.0-9.2 (b, ring 

1. HOCl methylene and methine); ir (neat) 833 cm“ 1 (characteristic
I --------- ► IVn +  VIx (5) absorption of oxirane). Anal. Calcd for C8Hi20 :  C, 77.42;

2 Na0H (very minor) H, 9.67. Found: C, 77.58; H, 9.74.
Preparation of IIx via Reaction 2b.—A solution of 1.0 g of 

LiAlH, IVx in 15 ml of ether was added dropwise to a suspension of 0.092
IVn Iln +  Uln (6 ) g of lithium aluminum hydride in 10 ml of ether with stirring.

The temperature was kept below 5° during the addition and then 
“V ” model containing two planar cyclopentane rings the mixture was stirred a t room temperature for 17 hr. Dilute

rni ■ „  ,• j  hydrochloric acid was added to the reaction mixture with ice
was assumed. This assumed V conformation seemed cooling and the mixture was extracted with ether. The ether
to oiler a source ol the disagreement, especially in layer was dried (Na2S 0 4) and concentrated. Distillation, bp 73°
conjunction with the fact that the 3 .3 .0 -3-one was (8 mm), gave 0.5 g of a mixture of alcohols IIx  and IIIx  (83.4
reduced by hydride less stereospecifically than expected and 16-6%> respectively, on the basis of vpc analysis on Apiezon
suggesting a “ W ” rather than a “V ”  conformation. ke7ones)L P E °  6’0°°  ° f ^  correspondins  acetates and
Therefore, we recalculated the expected shielding on the R eparation  of Iln via Reaction 3 . - I l n  was prepared via the 
basis of other possible conformations. The best reduction of V with sodium borohydride.11

agreement between the observed and the calculated Preparation of IIIx via Reaction l .—At room temperature 
chemical shifts occurs by assuming a “W ” conforma- under nitrogen a solution of 1 0 . 0  g of boron trifluoride-ether
tion for both the en d o -  and e x o -3 .3 .0 -3-ol and for the comPIex (47w t % ) in 1 2  ml tetrahydrofuran was added dropwise
e z o - 3 .3 .0 - 2-61 and an “S” conformation for the en d o -  m  E Ghera, 0rfl. Chem,_ M> 1042 (1968).
3 .3 .0 -2 -o L  This shows that for the 3-alcohol, the (9) R. N oyo ri and M . K a to , T e tra h e d ro n  L e t t . ,  5075 (1968).
skeletal stability (“W ” shaped) determines the con- (to) p. r . stapp and r . f . Kieinschmidt, j .  Org. Chem., 30, sooe (i9«|),
formation, but for the 2-alcohol, the need for the 2-hy- C°Pe' Br°WD' *  E' ^ ^  ^  ^  8°'
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T a b l e  I I I
I n d i v i d u a l  S h i e l d i n g  E f f e c t  o f  E v e r y  C-C B o n d  («■»„) o n  t h e  3.3.0-2  a n d  - 3  P r o t o n s  

---------------- --------------------------------------------w-------------------------- -— ----------------------------- , _____________________________ s _ _________________________

<rav H2‘ H2» h3* H3n H2x H3„ H3x
Ci-Ci —0.330 —0.330 + 0 .094  —0.076 —0.330 + 0 .0 9 4  —0.084
C2-C 3 -0 .3 3 0  -0 .3 3 0  -0 .3 3 0  -0 .3 3 0  -0 .3 3 0  -0 .3 3 0  + 0 .019
C3-C 4 -0 .0 7 2  + 0 .090  -0 .3 3 0  -0 .3 3 0  + 0 .090  -0 .3 3 0  + 0 .019
C4-Cs + 0 .053  + 0 .085  + 0 .0 9 4  -0 .0 7 6  + 0 .085  + 0 .094  -0 .0 8 4
C5-C 6 -0 .0 1 7  + 0 .032  -0 .0 8 3  -0 .0 1 9  -0 .0 4 6  + 0 .097  + 0 .0 9 4
C6-H 7 + 0 .022  + 0 .0 4 0  + 0 .009  + 0 .003  + 0 .021  + 0 .031  -0 .3 3 0
Cj-Cs -0 .0 4 2  -  0.053 +  0.009 +  0.003 -  0.015 +  0.031 -0 .3 3 0
Cs-C, -0 .0 1 6  + 0 .141  -0 .0 8 3  -0 .0 1 9  -0 .0 9 3  + 0 .097  + 0 .0 9 4
Ci-C5 —0.075 + 0 .023  + 0 .109  + 0 .053  + 0 .023  + 0 .109  + 0 .109
s<r“v —0.81 —0.30 —0.55 —0.79 —0.60 —0.113 —0.49

- 0  55  ~ ? ' 4 9  -0 6 0  VpC' SPectral data follow: ir (neat) 843 cm“> (characteristic
===== I ===== absorption of oxirar.e); nmr (CC14), T 6.67 (C3 H), 6.77 (C2 H,

5 I / V ' —— t he coupling constant was observed much smaller than that of
-------H IVx), and 7.25-9.20 (ring methylene and methine).

- -  \  /  - 0.79 V. Preparation of Illn .—With stirring and ice-cooling a solution of
U'81—/  = = =  Nl 0.6 g of IVn in 10 ml of ether was added to a suspension of 0 . 1  g
-0.30 _ n+i H of lithium aluminum hydride in 10  ml of ether; then the mixture
------ was stirred at room temperature for 20 hr. Hydrolysis was

W (envelope) S (envelope) effected at 0° with a small amount of water and then 3 N  hydro-
_Q 5 9  chloric acid, and the mixture was extracted with ether. Follow-

? ing drying (MgSOs) and concentration of the ether extracts
l d . distillation afforded 0.2 g of a mixture of Iln  and I lln , bp 52°

\ y j  (7 mm), ~ 49° (4 mm).
—0 .6 7 ^ Y \  /  / General Procedure for Chromic Oxide-Pyridine Complex

-U .7 V. I / ' X  \ 7  Oxidation of a Bicyclo [3.3.0] octyl Alcohol .—Chromic oxide (30
_q rjrj |----------- ' g) was added in small portions to 380 ml of pyridine with stirring

I _noq and with ice-cooling. This solution was stirred for 1 2  hr with a
_ 0 -12  a 2 9  solution of 14 g of a S.3.0-octyl alcohol dissolved in 190 ml of

T-W (envelope) T-U (envelope) pyridine at room temperature. The mixture was poured onto
cracked ice and extracted with eight 20 0-ml portions of ether. 

H H -012  The ef4ier extracts were combined and washed with 6  N  hydro-
h  Y ------ 3 __chloric acid, saturated aqueous sodium bicarbonate solution, and
/  / \  \  —0.72 J '7+0.16 water. Following drying (Na2S0 4) and concentration of the

/_____ /  \  \ /  \ Z — \  ether, 8.8  g of the corresponding ketone was distilled.
6 2 I I Calculations.—In order to calculate the nmr frequency shifts

_q gg +0.08 on the basis of bond anisotropy, plausible models of the 3.3.0
2  v  / ] \a system were investigated. The 3.3.0 structure was constructed

p anar; from two fused cyclopentane rings which were assumed to be

J either envelopes or half-chairs.13 Thus the “W ,” “S ,” “T ,”
“T-U ,” and “C2” conformers were taken as models for the 

r  . calculation. In each conformer, the bond between carbon 1 and
C2 (half-chair) 5 , C5C1, was defined as the F  axis, with the midpoint of the

-rv , a  j  bond defined as the origin O. The plane bisecting the dihedralFigure 1 .—Calculated overall shielding effect on the 3.3.0-2 and „ n  n  ,n  ln  , c , , , .  ,,, , , . . .  , n  i i i  j  v  u- angle HiCi(C5)H5 was defined as Z F  plane (except m conformers— 3 protons for every possible confomer. Calculated shielding in <<c>. „„j  <<w >> „ v .  j  u j  i i , ., .. •r f  ■ , ,* , , / , , ,  B o and W where the dihedral angle was zero; here the plane
parts per million. <* Previously preuicted (ref 5). H,C,C.H, was taken Z F  plane).

The “S ” and “W ” conformers were constructed from two 
with stirring to a mixture of 19.2 g of I ,  2.0 g of sodium boro- envelopes. Carbons 1 , 2, 4, and 5  were placed on one plane with
hydride, and 300 ml of tetrahydrofuran. After 3 hr of stirring, carbons 1, 5, 6 , and 8 on another plane. Bond lengths of C-C,
the mixture was cooled in an ice bath and addition of 16 ml of 30% 1.54 A, and C-H, 1.09 A, were adopted. The angles were as-
aqueous sodium hydroxide was followed by dropwise addition of sumed to be Z C2CiH = Z CsCiH = Z C4C5H = Z C6C5H ;
16 ml of 30% hydrogen peroxide over 2 hr. The mixture was other ZCCH, 109° 28'; and ZC2CiC8 = ZC4C6C6, 109° 28'.
extracted with ether; the ether extract was dried (Na^OO and The “T-W ” and “ T-U ” conformers were also constructed from
concentrated. On distillation, 14.1 g of the mixture of IIx  and two envelopes but in these cases, carbons 1, 5, 4, and 3 were
IIIx  was obtained at 90-95° (10 mm) together with a very small placed on one plane with carbons 5, 1, 8 , and 7 on another,
amount of I ln  and I lln . Pure IIIx  was obtained by preparative The "C 2” conformer was constructed from two half-chairs,
vpc. Thus Cs-0 or Cj-O’was the C2 axis of the orginal cyclopentane

' Preparation of IVn via Reaction 5.—A mixture of 2.1 g of I , and theZ axis was the molecular C2 axis of the 3.3.0 system.
5 g of cracked ice, 1 ml of acetic acid, and 8 ml of an aqueous By means of vector analyses, the positions of all of the carbons
solution of monochlorourea12 (containing 3.2 g of monochlorourea) and of the necessary protons in the above models were ascertained 
was stirred with ice cooling for 2 days. After saturation with so- in order to obtain values for y and 6; 7  is a distance between the
dium chloride, the mixture was extracted three times with ether proton in question and a midpoint (M) of a C;-Cy bond, and 6 is
and the ether layers were combined and concentrated. The ___________
residue was added to a solution of 1 .6 g of sodium hydroxide in 3
ml of water, and the mixture was stirred at room temperature (13) Pitzer showed that the envelope conformer was the most stable;
overnight. The mixture was extracted with ether, and ether fater Brutcher and Hoffmann agreed that the half-chair conformer was more 
solution extracted was dried (M gS04) and concentrated. Distil- stable than the envelope conformer; K. S. Pfizer and W. E. Donath, J.
lation gave 0.6 g of IVn at 68-70° (27 mm). The nmr and ir A m er. Chem . Soc.. 81 3213 (1959); F. V Brutcher, Jr„ and W. Bauer, Jr.,

, i i i  v i ,v i j-tr • j xbid., 84, 2232 (1962); R. Hoffmann, J .  Chem . P hys., 39, 1397 (1963).spectra and the vpc showed that IVn was accompanied with a T ’ , , , .. , , . . , ,, , .r  ±  In the present calculations, the evelope model of Pitzer and the half-chair
small amount of IVx. Pure IVn was obtained y prepara ive model of Brutcher were used. One of the referees pointed out that a tor-
------------------- sional angle of about 45° at the ring junction is probably the safest and the

(12) H. B. Donakoe and C. A. Vanderwerf, "Organic Syntheses,’’ Coll. equilibrium conformations of the half-chair and the envelope are now believed
Vol. IV, John Wiley & Sons, Inc., New York, N. Y., 1963, p 157. to be equivalent in energy for cyclopentane itself.
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an angle between HM and C.-Cy. The frequency shifts were T able IY
calculated according to the McConnell’s equation14 Nmr Absorptions of the 3.3.0-ols and -acetates.

, . Comparison of Calculated and Observed

<rav = 3 [5rel (2n H standard)]
y  2n*H 3x]H 2x H 3n H

where the magnetic susceptibility term, X l — Y t, was taken to Obsd OH 0 0.20 0.36 0.43
be —5.5 X  10-30 cm3/molecule.15 Obsd OAc 0 0.19 0.36 0.45

Examples of such calculations for the individual shielding effects Fresent calcd 0 0.22 0.30 0 .49
of each C-C bond on the 3.S.0-2 and-3 protons in the “W ” and Previous calcd 0 0.23 0 .28 0 .08
in the “S ” conformation are giveninTable I I I .  These individual ,y  m0(j e^
shielding effects are summed to give the frequency shift, 2 <rav,
of the proton. The frequency shifts of each significant proton in _ , , , , ,
each model conformer are summarized in Figure 1. with the calculated values on the basis of similar conformational

Comparison of these calculated frequency shifts with the ob- considerations, 
served ones (Table IV ) suggest that the exo-3.3.0-2-61, the exo- Nn — TTv 9335Q -88-8- Tin 2 4 4 54 -38 -4 '
3.S.0-3-ol, and the endo-S.3.0-3-o\ are in the “W ” conformation, *  on r ttV o f S .  TV oaTza 4 1  q !
while the endo-3.3.0-2 -ol is in the “S ” form. The observed I I I x ,  24454 -39 -5 ; I l l n ,  24454  40  8 , IV x , 24454 -41 -9 ,
frequency shifts of the 3.3.0 acetates are also in good agreement IVn, 24454-42-0 .

(i4) h . m. McConnell, j . chem. Phys., 27 , 226 (1957). Ackowledgment.—T he authors are grateful to Dr.
(1958). amnner ay  anQ ^  ™ ’ E lva M ae Nicholson for stimulating discussions.

Synthesis of 2-Oxabicyclo[2.2.2]octane
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The synthesis of 2-oxabicyclo [2.2.2] octane ( 1 ) is described. Its structure was confirmed by mass spectrometry 
and nmr. Three different methods (I, II, I I I )  for its preparation were investigated. Two of these involved 
a 1,4 transannular elimination; the other (II) was a dehydration procedure. Compound 1 was synthesized and 
isolated by all three methods; however, method I was shown to be superior. The cis-trans mixture of 4-hydroxy- 
eyclohexane-l-carboxylic acid (4 +  5) was obtained by hydrogenation of 3 over 5%  Rh-Al20 3. The cis isomer 
was cyclized to the bicyclic lactone 6 , which was then reduced to the cis-diol 7. Dehydration of 7 over A120 3 
gave 1 and the unsaturated alcohol 9 side product. Chlorination of 7, followed by a 1,4 elimination, also gave 
1. The best procedure involved the formation of the cis tosylate 8 and its intramolecular alkoxide ion elimina­
tion to give 1 .

A t least two attem pts to synthesize the 2-oxabiey- and coworkers4 reported that the dehydration of 
clo [2.2.2 ]octane (1) system have appeared in the lit- ci's-4-hydroxycyclohexanemethanol (7) gave products
erature.3-4 The first attem pt was made by Owen using other than the expected bicyclic ether; none of the reac-
an isomeric mixture of cis- and (rans-4-tosyloxymethy- tion products was isolated or characterized, 
lene-l-benzoyloxycyclohexane according to Scheme I. In this paper we report some of the physical proper­

ties and the synthesis of 2-oxabicyclo [2.2.2 ]octane (1) 
Scheme I which was prepared by three different methods (Scheme

II), one of which (method II) is a reinvestigation of the 
| alumina dehydration of the cis-diol 7, as attempted by

__  Wittbecker. Method III  is similar to the approach
| 2 Ts M  used by Clarke to synthesize the 2-oxabicyclo [3.2.1 ]-

r ' ' ' i  koch octane system.5 The synthetic methods are summar-
j J  ~MeOH v  cikOCH , ized in Scheme II  (the isomers are shown in their expec-

2 ted favored conformations).

O— C— Ph O2
|| 3[ j i Results and Discussion

T  / 6 Hydrogenation.—The reduction of 4-hydroxybenzoic
acid (3) to the isomeric mixture of cis- and tram-4- 

1 hydroxycyclohexane-l-carboxylic acid (4 and 5) has
been accomplished previously.6 Alternately the ethyl 

This synthetic route did not give 1; rather it seems to ester of 3 has been reduced at elevated pressure (270
have involved intramolecular tosyl elimination by meth- atm) and temperature (220°).7-9
oxide ion, concurrent with ester hydrolysis to give
4-methoxymethylene-l-cyclohexanol (2). W ittbecker (5) m . f . ciarke and l . n. Owen, j . chem. Soc., 2108 (1950).

(6) B. H. Levin and J. H. Pendergrass, J .  A m er. Chem . S oc., 69, 2436
(1) Postdoctoral Fellow, Department of Chemistry, University of Cali- (1947).

fornia at Santa Barbara. (7) H. E. Unguade and F. V. Morriss, ib id ., 70, 1898 (1948).
(2) To whom inquiries should be addressed. (8) W. Schneider and A. Huttermann, A rch. P h a rm . (W ein heim ), 298,
(3) L. N. Owen and P. A. Robins, J .  Chem . S oc., 326 (1949). 226 (1965).
(4) E. L. Wittbecker, H. K. Hall, Jr., and T. W. Campbell, J .  A m er. (9) C. V. Banks, J. P. La Plante, and J. J. Richard, J .  Org. C hem ., 23.

Chem. Soc., 82, 121.- (1960). 1210 (1958).
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Scheme II ployed, both of these absorptions appeared as broad
singlets and did not show any multiplicity. The inte-

A . ch gration of the peaks gave the correct relative number
[ 0 ]  of hydrogens 1 :1 :8 ,  consistent with structure 6 .

2 5 «°PS' Hz i  n° I  The direct synthesis of 1 from 6 using B F 3- B 2H 6
3 according to the procedure of P e ttit1314 failed; how-

i_______ 4(48%> _______ 5(48,0 i ever, we did not make an extensive investigation of
V this approach. The direct reduction of 6 to 1 was

attempted by W ittbecker without success.4 An alter- 
,36« nate scheme for the synthesis of 1 had to be employed.

The reduction of 6 to 7 with LiAlER was accomplished 
Q! without problems. The cfs-diol was obtained as a

clear syrup and its physical properties were in agree- 
I bf,;B ?hk 6l90V  + 5  ment with those reported in the literature.8 The tosyl

8 5 derivative of 7 was prepared by the usual methods.
Under the conditions employed, the primary alcohol 

uaih4 function of 7 was tosylated predominantly. The ir
of the product 8 exhibited the expected hydroxyl, aro- 

’' matic, and sulfonate absorptions of a tosyl intermediate.
Transannular Elimination (Methods I, II, and 

ho-h2c-^- 97,0 I II ) .—Three different ring closure reactions were
investigated. Two of these involve the formation of

p-osoPtR, _____j  Ns OH the alkoxide ion which then undergoes intramolecular
[l] /  Py * tso-HjC-^ 8 I (>95%) displacement of the tosyl (or chlorine) leaving group
/  8(98,0 ch-oh as sh °wn in 1° for intermediate 8, presumably in the

«,n / C  boat conformation. Preliminary experiments indicated

7 - M , t  ■ w »  • O  3I' ” “ ~
\ W  Ts— 0 — H2C •*' - o -

\ j - CQ"CHCI 1,35*, K  / j
2)NqOH \ -------  /

T 10In our experience the procedure using PdO cata­
lyst6 gave unacceptably low yields (< 2 5 % ) of the tbat these methods would give acceptable results if the 
reduced product. The alternate methods, although problems inherent in the isolation of the highly volatile 
reported to give good yields of 4 and S, involve the bicyclic ether could be solved. A loss of 1 > 7 0 %  was
synthesis of additional intermediates. A more facile incurred if the usual procedures of extraction and sol-
synthesis was desirable and we investigated the reduc- vent evaporation were applied during work-up. Sanc­
tion with 5%  R h-A l20 3, a catalyst known to promote Ples of 1 could not be successfully separated by frac-
ring hydrogenation of aromatic phenols under rela- tional distillation from any of the eluting solvents nor
tively mild conditions.10 A t 110 atm  and at ambient could 1 be recrvstallized from a number of solvents
temperature, the reduction of 3 in the presence of a without excessive loss of material,
small amount of 5%  R h-A l20 3 proceeded smoothly To obviate these problems the elimination reaction 
and nearly quantitatively. was accomplished in the solid state without the use of

Cyclization of the Isomeric Mixture of 4 and 5 .— solvents at any stage of the synthesis. (For apparatus,
The c is  conformational isomer 4 lactonized readily and see Figure 1 in the Experimental Section.) Using this
the 2-oxabicyclo[2.2.2]octan-3-one (6) was isolated by approach, a near-quantitative yield of 1 was achieved
sublimation of the reaction mixture. Crystalline 6 b>' method I. Method II I  involved the synthesis of
was obtained in excellent yield after extraction with b̂e monochloromethyl derivative of the cis-diol and its
petroleum ether. The melting characteristics of this cyclization to 1. Compound 8 was obtained as a
compound depend on the heating rate, indicating the yeIlow oil containing additional components, and be-
existence of polymorphic forms. A change in the cause of the excellent outcome of method I, this product
crystal structure occurs between 82 and 85°. The new was not investigated in greater detail. The dehydra-
structure shows a higher temperature transition l̂on °f  ̂ over alumina (method II) was accomplished
(127-128°) where liquefaction is finally observed. The in low yield (22%  estimated, 6 .7%  actually isolated).
tra n s  isomer 5 (mp 1480) 11'12 remained in the sublima- The predominant component of the reaction mixture
tor. The ir spectrum of 6 shows the absence of the was a clear Iifluid identified as l-hydroxymethyl-4,5-
OH band at 3400 cm -1 and an intense carbonyl band cyclohexene (9) by its ir spectrum (-O H  at 3300 cm 1
a t 1740 c m -1. We assigned the nmr absorption at and c = c  at 1650 ™ " ‘) and bY its retention time when
8  4.46 to the bridgehead proton at the 1 position. The cochromatographed with an authentic sample.15 The
8  2.38 absorption was assigned to the other bridgehead minor component was characterized as the bicyclic
proton at the 4 position. A t the concentration em- ether 1 by its retention time and ir and nmr spectra.

(10) Louis F . Fieser and M a ry  Fieser, “ Reagents fo r Organic Synthesis,”  (13) G. R . P e ttit and D . M . P ia tak, J . O rg . C hem ., 27, 2127 (1962).
John W iley & Sons, In c ., N ew  Y o rk , N . Y ., 1967, p 979. (14) G. R . P e ttit and T . R . K astu ri, ib id . ,  26, 4557 (1961).

(11) H . Batzer and G. F r itz , M a k ro m o l.  C h e m ., 4, 213 (1954). (15) We are deeply g rate fu l to  Professor Bruce R ickborn  fo r  p rov id in g  a
(12) N . R. Cam pbell and J. H . H u n t, J .  C h em , S o c ., 1379 (1950). sample of 9 and fo r the  use of his vpc instrum ents.
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The melting characteristics of compound 1 closely has been observed with many aliphatic ethers.20 The
parallel those of the lactone 6. The volatile solid existence of an oxygen atom in the fragmentation pat-
undergoes a crystal structure transition at approxi- tern is apparent from the intense mass peaks at m /e 31,
mately 4 2 ° ; then the new crystal form rapidly vaporizes 45, and 59; these could be considered to be homologous
a t the higher temperature range. The ir showed a fragments of the H2C = O H  structure,
strong absorption in the 1025-1035-cm -1 range. These The favored decomposition mode of 1 would be ex-
intense bands are indicative of a cyclic ether and are pected to involve ¡3 cleavage. This could occur a t two
within the range assigned by Rosowsky to a series of different positions [Scheme III , steps a and b] in the
bicyclic oxetanes and to those assigned to a series of parent molecular ion (II).
cyclic ethers.16'17

We assigned the nmr absorption a t S 3.65 to the ter- S c h e m e  III
tiary bridgehead proton at position 1 and that at S
3.40 to the methylene protons at position 3. Analo­
gous to the lactone 6 case, the proton at position 1 in the -•
bicyclic ether did not exhibit any multiplicity but gave ot — —  ----------  o+
only a broad unresolved singlet. The bridge methylene (¿7  H2 ¿U”
protons also appear as a broad singlet and not as a <b) Cy lo)
doublet. The nonequivalence of the methylene pro- /  \
tons of the almost rigid cyclohexane boat conformation ¡ /  Ni
is further demonstrated by the unresolved doublet at + / h2 f  ̂ch2 + ^ch2 ,--------a-------^
S 1 .72-1 .57. I t  is probable that the absorption at 5 J P  \ h/^ i

1.92 is due to the tertiary bridgehead proton at the 4 h[T T j + ^  h j j ° + ^

The protons at the 1 and 3 positions (Si — 52 =  11 I I + /  /
cps) did not integrate in a 1 :2  ratio [found 1 : 3 =  3 ' CH2=° 4|-o=ch3 s|-ch2=oh ^
1 .4 :1 ] ; however, the integral sum of these two peaks ’
showed a 3 :9  hydrogen ratio in accord with structure 1. - ch3- ch2' / / \ .- c2h4
It  is conceivable that a contribution of the upfield [ k ^ J  /  \ 2
methylene absorption coalesces into the absorption sig- r  vi 5 E ^
nal of the bridgehead proton. A similar absorption be- ^  g2 T  i f Jj
havior, leading to incorrect integration, has been re-
ported before, and it is encountered in analogous cases v /
where the observed chemical shift is small.18 \

Recently the conformation of bicyclo[2 .2 .2]octane .  +
(11) was determined by single-crystal X -ra y  analysis.19 [  | E
It was shown that the carbon bond angles do not deviate ^
markedly from the tetrahedral value. In the crystal- ny* 83

W  3rj2 The peak at m /e 83, could arise from a concerted /3
‘ >J cleavage of the bicyclic ether v ia  (a) and a concomitant

V '  t a-ring cleavage of the ensuing cyclic alkyl oxonium
f  Y 3 ion (III). This ion could eliminate the molecule ethyl-

ll 12 ene concurrent with the expulsion of a vicinal proton as
, H °, to give the (M — 29) cyclic oxonium ion fragment

hoe state 11 is believed to exist m a slightly staggered (IV) (gcheme m  ath 1} Alternately, structure III
conformation 12 rather than a fully eclipsed one, re- couId underg0 intramolecular rearrangement of a hy-
su ung m a torsional angle of the C (2 )-C (3 ), C (5 )-  drogen atom transferred v ia  a six-membered cyclic
C(b), and C (7 )-C (8 ) bonds of 5 An ana ogy may be intermediate concurrent with the migration of a vicinal
drawn between this system and the similar 2-oxabi- prot;)n (gcheme m  th 2 ). The expulsion of an
cyclo [2.2.2 [octane structure. The heteroatom in 1 ethyl radical could give the same cvclic oxonium ion
won d not be expected to cause a great deviation from (IV) postuiated for path 1. Similar modes of H -atom
the tetrahedral value m the carbon-carbon bonds. In transfer in molecules containing heteroatoms have been
structure 11 the slightly staggered conformation is invoked to rationalize the observed fragmentation
assumed to relieve or optimize the nonbonded hydro- atterns of alkylated tetrahydrofuran and tetrahydro- 
gen interactions. The relatively steam-free structure rings.«.** The postulated six-membered hydro-
of 1 would be expected to show similar angular depen- gen t,ransfer scheme is not an absolute requirement,
( 6M le^1 q le crys a ine s a e ‘ . because similar transfers can occur through smaller,M ass Spectrum of 1 .—The structure assigned to the „ . .  «3 T j, . r  cyclic transition states.23 In either case the proposed
bicyclic ether was further supported by its mass spec- ion f nt would be resonance stabilized in the form

n; tCI f ? y  ° f ti e , 0bserVGd P ^ t  peak of the cyclic oxonium ion (IV).
[-\I+ (10) J m /e 112 is small; however, such behavior

(20) F. W. McLafferty, A nal. Chem ., 29, 1782 (1957).
(16) A. Rosowsky and D. S. Tarbell, J .  Org. Chem ., 26, 225 (1961). (21) G. Ohloff, U. H. Schulte-Elte, and W. Willhalm, Helv. C him . A cta.,
(17) G. M. Barrow and S. Searles, J .  A m er. Chem . S oc ., 75, 1175 (1953). 47, 602 (1964).
(18) J. D. Roberts, "Nuclear Magnetic Resonance,” McGraw-Hill (22) R. E. Wolff and M. Lenfant, B u ll. S ee . C him . F r ., 2470, (1965).

Book Co., Inc., New York, N. Y., 1959, p 32. (23) H. Budzikiewicz, C. Djerassi, and D. H. Williams, “Mass Specfcrom-
(19) A. F. Cameron, G. Ferguson, and D. G. Morris, J .  Chem . S oc., B , etry of Organic Compounds,” Ilolden-Day, San Francisco, Calif. 1967 p

1249 (1968). 229,
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9  cleavage could also occur v ia  (b) and at least three n
inodes of fragmentation are possible. From  the parent II ft
ion (II), paths 3 and 4 involve an a -ring cleavage by f 1 U  a

heterolysis of the carbon-oxygen bond. In path 3 the cr_  — ty
molecule of formaldehyde could be eliminated with for-
mation of the bicyclo [2 .2 .0[hexane radical ion (V). In —"V __________  j; /  „—  V t -^ ; +
path 4 a methoxyl radical could be generated concomi- ~  1 ) __ j/___ ), I [  ̂|
tant with the cyclohexenyl carbonium ion (VI). Simi- F  — ------jj jj
lar modes have been demonstrated in the fragmenta- /
tion of cyclic ethers.24 a b c

Path  5 invokes a H -atom  migration to the oxygen, „„ , c , - , .  , ,  ,, , , ,. , . ’ Figure 1 .—buolimation apparatus for a highly volatile com-
concurient With homolytic a  cleavage of the carbon— ponent: (A) silicon oil vessel fitted with a magnetic stirring
oxygen bond giving th e  protonated  form  of forrnalde- bar, glass boat, heating coil, and thermometer; (B) water-
hyde and the cyclohexenyl radical (V II). Such a mi- jacketed collection apparatus with a leur-tipped side arm and
gration has been proposed fo r th e  fragm entation  of ? 2 9 7 1 2  f  joint; (C) condenser attachment with a 29/i2 T
vinyl e th ers . 25 J0m '

Only a low-intensity ( « 1 0 % )  (M — 30) peak is „ „
observed in the mass snectrum of the bicvclic ether 2690 (broad)’ 1700 (s)’ 1055’ 1020 (s)> 955 (s)- 740 (m) cm~';ODservea in tne mass spectrum 01 m e Dicyciic etner no bands were present in the 1600- and 800-850-cm -1 range.
indicating that/? cleavage as in (b) may not be a favored 2-Oxabicyclo¡2 .2 .2  octan-3 one (6).—The isomeric mixture of
mode of fragmentation in this case. I t  is then assumed 4-hydroxycyclohexanecarboxylic acids (4  +  5), 29 g (0 . 2 0 1 2

that cleavage, most likely occurs v ia  (a) and probably mol), was dissolved in 300 ml of acetic anhydride and refluxed
by path 1. The peak at m / e  83 would then be due to f<f  6 br un+df  anh-vf 0l,s conditions; then it was left for 24 hr

r r i f  r  • • /Txrv itt- xi x at ambient temperature. The acetic anhydride was removed
the formation of the cyclic oxomum ion (IV). W ithout by vacuum distillation and a viscous liquid was obtained. The
additional data a more valid selection of fragmentation crude mixture of lactone 6 and irons isomer 5 was introduced
modes is not possible and the conclusions reached here into a l - l . sublimator. At a pressure of 2.0 mm and at a silicon
are only tentative. °il temperature range of 100-115° the lactone 6 was collected

(over a 3-hr period) as a crystalline semisolid. The crystalline 
residue was predominantly the irans-4-hydroxycyclohexylcar- 

Experimental Section boxylic acid (5) isomer. The crude compound isolated in a
55% yield was further purified by extraction with petroleum 

Materials and Equipment.—Reagent grade 4-hydroxybenzoic ether (bp 20-60°) in a Soxhlet apparatus during a 10-hr period,
acid was recrystallized twice from ethanol-ether. High-pressure The bicyclic lactone 6 crystallized from petroleum ether in
hydrogenation was carried out in a Parr Series 4000 hydrogenator needle-shaped crystals with mp 126-127° (lit .12 mp 127-128°)
using Engelhard 5%  Rh-AkOj catalyst. All analytical vpc and gave a 90% yield (1 2 . 0  g) as calculated for the cyclization
was done using a Varian Aerograph Series 200 with (a) an 18 ft of the cis isomer 4. A sample of 6 dissolved in ethyl ether was
X 1/b in. copper column packed with 10% 20M Carbowax on analyzed by vpc (column A, temperature 178°, isothermal) and
Chromsorb W, 60-80 mesh, (b) a 12 ft X 0.25 in. copper column was found to be homogeneous (retention time 24.5 min),
packed with 18% 6000 Carbowax on Chromsorb W, 60-80 mesh. Infrared analysis (KBr) showed bands at 1740 (s), 1065 (s), 1000
The helium carrier gas flow rate was 46 cc/min for both columns. (s), 955 (m), 878 (m), 770 (m) cm“1; no bands at 3550 cm“ 1
Preparative vpc was done on an Aerograph Model A-90-P with were obtained. The nmr spectrum of 6 in CCh exhibited the
(c) a 25 ft X 0.25 in. copper column packed w.th 20% 20M following absorptions: 6 4.60 (broad 5, 1 II), 2.50 (broad, 1 H),
Carbowax on Chromsorb W 60-80 mesh and a helium flow rate 1.87 (broad, 8 H); signals in the range of 5 12.0-10.4 were not
of 55 cc/min. The ir spectra, unless otherwise stated, were present. The sample for elemental analysis was sublimed a sec-
obtained as films or K Br disks on a Perkin-Elmer Model 137 ond time and had mp 127-128°.
spectrophotometer calibrated with polystyrene film. The nmr Anal. Calcd for C7Hio02: C, 66.62; H, 8.00. Found:
spectra were obtained with a Varian Associates A-60 spect.rom- C, 66.53; H, 8.07.
eter using tetramethylsilane (TM S) as an internal standard. as-4-Hydroxymethylcyclohexanol (7).—Under anhydrous con-
Chemical shifts are given on the 5 scale in parts per million ditions and a nitrogen atmosphere, a suspension of 6.0 g (0.1581 
relative to TM S. The mass spectrum was obtained from an mol) of Li A11+ in dry ethyl ether was treated dropwise with a
Associated Electrical Industries MS902 double-fccusing inst.ru- solution of 15 g (0.1189 mol) of 6 dissolved in 200 ml of dry ethyl
ment. A special apparatus was built to facilitate the sublimation ether. The addition was continued for 40 min; then after the
and quantitative collection of highly volatile solids (Figure 1). exothermic reaction subsided, the mixture was refluxed for an
Melting points are uncorrected. The elemental analysis were additional 4 hr and left overnight at ambient temperature,
performed by Galbraith Laboratories Inc., Knoxvil.e, Tenn. Excess hydride was destroyed by the dropwise addition of 6  ml

cis- and irans-4-Hydroxycyclohexane-l-carboxylic Acid (4 +  of a 10% KOH solution followed by 6  ml of water. The suspen-
5).—Recrystallized p-hydroxybenzoic acid (3), 100 g (0.724 mol), sion was filtered over Celite and the residue was washed with
was dissolved in 150 ml of warm glacial acetic acid and transferred ethyl ether. The ethereal phase was separated and dried over
to the steel cylinder of a Parr high-pressure hydrogenator. After MgSO«. The solvent was removed by vacuum distillation and
the solution cooled to ambient temperature, 1.2 g of 5%  R h - a clear viscous liquid (10.22 g) was obtained. An additional
A12C>3 catalyst was introduced, and 1500-psi H2 pressure at 20°, amount (4.9 g) of 7 was obtained by continuous extraction of
was applied. After 24 hr the required volume of hydrogen was the residual salts in a Soxhlet apparatus using ethyl ether as the
absorbed and the hydrogenation was discontinued. The catalyst solvent. The combined yield was 15.10 g (97.6% ); ir (film)
was removed by filtration over Celite and the clear solution was 3300 (s), 1040, 1025 (s), 978 (s), 935 (m) cm-1; the band at
distilled under vacuum until all the solvent was removed. A 1 7 5 0  cm-1  was not present. A solution of this material in p-
clear viscous liquid was obtained; it readily crystallized on addi- dioxane was examined by vpc (column A, temperature 178°)
tion of dry ethyl ether. The cis-trans mixture of 4-hydroxy- and found to be homogeneous (retention time 46.7 min). A
cyclohexanecarboxylic acid (4 +  5) was recrystallized from sample of 7 was distilled at 0.2 mm; the major fraction had a
ethanol-ethyl ether to give a 96% yield of a white crystalline vapor temperature of 120-122° and 1.4935. These values
compound having a melting point range of 120-125° (lit..1 2 120°). are in agreement with those reported for 7 when isolated from
The ir spectrum (KBr) of 4 +  5 showed bands at 3400 (s), 2400, the reduction products of the cis-trans mixture of ethyl 4-hy-
___________  droxycyclohexar.e-l-carboxylate.8

. cis-4-Tosyloxymethylene-l-cyclohexanol (8 ).—A solution of
(24) A. M. Duffield, H. Budzikiewicz, and C. Djerassi. J . Amer. Chem. / m o  i\ t  *  • m  1 c j  •+ , , ,

Soc  87 2920 (1965) 1 1 .9 5  g (0 .0 9 1 8  m c l)  o f 7 in  5 0  m l o f d ry  p y rid in e  w as cooled to
°(25) S. Meyerson and J .  D. McCollum, Advan. Anal. Chem. lustrum., “ 5 ° .  A  so lu tion  of p -to lu en esu lfo n y l ch lorid e (1 9 .1 4  g , 0 .1 0 0 4

2, 202 (1963). m o l) in  35  m l o f d ry  p -d io xan e w as th e n  add ed dropw ise o ver a
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2-hr period while the temperature was maintained at —5°. of the dehydration. Heating was discontinued when all of 7
After the addition, the reaction mixture was allowed to remain had been dehydrated over the alumina bed. The semisolid
at —5° for another 3-hr period; then it was left overnight at product (1.36 g) was collected, and an aliquot dissolved in ethyl
ambient temperature. The mixture was rapidly poured into a ether was examined by vpc (column A, temperature 130°) and
a stirred slurry consisting of 100 ml of 6  A HC1 and ice. A found to contain the following compounds: (a) retention time
clear oily layer was formed. The aqueous phase was decanted 1.4 min, one or more unresolved highly volatile, low-molecular-
and the residue was extracted with two 150-ml portions of weight compounds which were not investigated further; (b)
chloroform. The organic layer was separated and dried with 4.2 min, a highly volatile white crystalline compound identified
MgSO<. The solvent was removed by vacuum distillation and a as 1 by ir, nmr,' and mass spectra; (c) 15.5 min, unidentified;
light yellow, viscous oil 25.38 g (98% yield) was obtained. (d) 24.1 min, isolated as a viscous clear liquid and characterized
After 2 weeks at room temperature, 8 solidified to a semicrystal- as 9 by ir 3300 (s), 1650 (w), 1025, 1035 (s), and 970 (m) and by
line compound: ir (film) 3550, 3400 (broad), 1600 (m), 1250 (s), comparison with the retention time of an authentic sample.26
1175,1190 (s), 815, 843 (s) cm-1. Compound 7 was not detected using this column at a tempera-

2 -Oxabicyclo[2 .2 .2 ]octane (1 ). Method I .—The apparatus ture of 178°. The relative ratios of the peak areas of a :b : c :d
represented in Figure 1 was utilized for this step. Under anhy- were 0 .64:1 :0 .14 :1 .14  (indicating approximately a 22% yield
drous conditions and a nitrogen atmosphere, NaOH, 2.0 g of the bicyclic ether). The combined fractions of 1 collected
(0.050 mol), was finely powdered and transferred to a glass boat by preparative vpc, weighed 129.5 mg, an actual yield of 6.7% .
containing 2.0 g (7.083 mmol) of 8 . The reactants were thor- Method III.—The cis-diol 7 (0.50 g, 3.84 mmol) was dissolved 
oughly mixed, and then the container was placed in the sublimator in 1 ml of concentrated HC1 and sealed in a vial under nitrogen,
maintained at atmospheric pressure. The temperature of the The vial was heated in a silicon oil bath at a temperature range
surrounding silicon oil was gradually raised to a maximum of of 115-120° for 5.5 hr. During this period the solution became
150° and maintained for 1.5 hr. Clusters of white, needle- heterogeneous and a yellow-colored upper phase appeared,
shaped crystals formed on the cooled surface of the collector. The reaction mixture was gradually cooled to room temperature; 
The apparatus was allowed to slowly cool to room temperature, then the vial was opened, and a saturated NaHC03 solution
then the collector was quickly removed and sealed. Compound (2  ml) was added. The mixture was extracted twice with 3 ml
1 was obtained in a quantitative yield (0.795 g) and had a cam- of chloroform; the organic layer was separated, washed with
phor-like odor: mp 76-77° (sublimation); ir (CHC13) 2900 (s), water, and dried over MgSCh. The solvent was removed by
1190 (s), 1025-1035 (s), 955 (s), 865 (s), 810 (m) cm-1; vacuum distillation at 30° and a yellow viscous liquid (0.40 g)
nmr (CCh) S 3.65 (fairly sharp singlet), 3.46 (fairly sharp sing- was obtained in a 57% yield. I t  was stored in a vacuum desic-
let), 3 H, 1.93 (broad singlet, not fully resolved), 1.72, 1.57 cator over KOH. An aliquot, dissolved in ethyl ether was found
(unresolved broad doublet) 9 I I ; mass spectrum (70 eV) (70°) to be heterogeneous when analyzed by vpc (column A, tempera-
m/e (relative intensities) 112 (M+, 10), 83 (M — 29, 11), 74 true 175°) with the following major components: (a) retention
(63), 73 (13), 59 (97), 56 (13), 55 (16), 45 (80), 44 (12), 43 (29), time 7.9 and 8.4 min, an unresolved doublet; (b) 25.5 and 26.4
42 (10), 41 (29), 39 (13), 31 (100), 29 (97) (only those absorbances min, an unresolved doublet. The e/s-diol was not present,
with a relative intensity of 10% or greater are listed). Crystal- The relative ratio of the peak areas of a :b  was 1:10.
lization of 1 from ethyl ether, methanol, and p-dioxane failed. The crude oil (0.183 g) was treated with 0.183 g of powdered 
A sample of the crystalline material dissolved in ethyl ether was NaOH, mixed into a slurry, and placed into a microsublimator.
analyzed by vpc and shown to be homogeneous: (column A, The temperature of the silicon oil bath was maintained at 130-
temperature 130°, isothermal) retention time 4.2 min, (178°) 140° for 1 hr. Gradually the temperature was raised to 200°
2.17 min; (column B , temperature 130°, isothermal), 24.0 min. to expel all the volatile fractions from the solid residue. A
A sample for elemental analysis was further purified by a second biphasic liquid collected on the condenser; it was dissolved in 
sublimation at 50 mm and at a silicon oil bath temperature range ethyl ether, analyzed by vpc (column A, temperature 175°,
of 48-58°. Anal. Calcd for C7H12O: C, 74.95; H, 10.77. isothermal), and found to contain the following components:
Found: C, 74.74; H, 10.97. (a) retention time 2.0 min, the most volatile component which

Method II.—An apparatus was built to facilitate the short- was collected and identified as 1 by ir and nmr; (b) 7.8 and 8.3 
path distillation and fraction collection of small volumes of dis- min, unresolved doublet; (c) 25.5 and 26.3, min, unresolved
tillate. Under anhydrous conditions, 2.01 g (0.0154 mol) of doublet. The relative ratio of peak areas b : c (comparable with
7 and 2.0 g of activated alumina26 were heated with a silicon oil the previous a :b  ratio) was ~ 5 .6 . The estimated yield of a
bath to 220-230° at atmospheric pressure. During the initial = 1 (assuminga:b:c = 100% )w as35% .
phase of the dehydration a biphasic liquid collected on the con­
denser and gradually formed a semicrystalline deposit. The Registry No.— 1, 280-39-7; 4, 3685-22-1; 5, 3685- 
condensed material was heterogeneous during the entire course 26-5 • 6, 4350-84-9 ' 7 , 3685-24-3 • 8 24472-55-7
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It is shown that methyl ethyl, methyl isopropyl, and methyl isobutyl ketones and 2 -methylcyclohexanone 
condense with paraformaldehyde in trifluoroacetic acid predominantly at the more substituted a-carbon atom.
Methylene positions condense with 3 mol of formaldehyde forming 1,3-dioxanes whereas methine positions con­
dense with 1  mol irreversibly, forming ¿i-ketols which trifluoroacetylate faster than they are formed.

Several generalizations regarding the mechanism and bered-ring transition state 10. Dioxane Ba is also 
scope of the acid-catalyzed condensation of nonenoliza- formed selectively in acetic acid with sulfuric acid eata­
ble aldehydes with ketones are to be found in a recent lyst, conditions under which the condensation step is
review of the aldol reaction.1 Im portant steps in the rate limiting.20 
acid-catalyzed condensation of formaldehyde with
unsymmetrical aliphatic ketones (1) are summarized in H
Scheme I. (j

||
Scheme I CH3C—  CHCH3 CH3— O -C ' '0

0  + 0  II | R7 i J
1 II 3 ke t,[CHF=OH] II 0  CH20H ^ C r
CH3-^C—CH2R :^=±: CH3C =C H R --------------- *■ CHsCCHR 9 10

1 *-• I I
Oil CJb

2 I Prior to the reports of Wesslen and coworkers,2 we
1 1 40H  had begun a study of the aldol reaction in trifluoroacetic
OH + O acid, primarily because of its high solvent power, vola-

^TT J.,r ,TT T) ViCHi=OH] J|^tt ^ tility, and suitability as an nmr solvent. The results
J 2~_ 2 | 2 2 of part of this study are reported in the next section.

c h 2

OH Results and Discussion

Condensation at a Methylene Position.— In the pres-
_  ,, . , , , .. . „ ent study condensation of 0.1 mol of methyl ethyl (6a)
Recently three very important studies of the acid- and meth l isobutyl ketones (6b) with paraformalde-

catalyzed condensation of trioxane with aldehydes and h de (0 4 mol of C h 2o ) in trifluoroacetic acid at 60-75°
ketones have appeared.2 No ^ s u b s ti tu te d  ketones ye dioxanes 8a and 8b in ields of 23 .2 and 47 .7% , 
were studied but methyl ethyl (6a) and methyl iso- respectively (Table I ;  see Experim ental Section),
butyl ketones (6b) were found to condense with 6  mol 
of formaldehyde predominantly a t the methylene posi­
tion forming 1,3-dioxanes (8 ) with selectivity that varied Table I
with the choice of catalyst.2® Aluminum chloride and Optimal Condensation Experiments

Ketone, (HaCO)«, Time, Temp,® Product,
q q mol mol hr °C (% yield)

i II 3 < m m  II CH,0 6a 0 1  0 4 24 60 8a (23.2)“
CH3— C— CH2R ' 2 n > CH3CCHR ----- ^  6b 0.1 0.4 24 75 8 b (47.7)“

2 ( ' | 12a 0.1 0.13 24 25 14a (72.8)
6 a, R = CH3 |_ CH2OCH2OhJ 1 2 b 0.1 0.13 24 60 14b (77.8)

b, R = CH(CH3) 2 7 a These yields are minimal since the dioxanes proved to be
O quite water soluble and difficult to extract.

chA < r
3 y  ]4 The reactions were followed by nm r3 for a decrease in
> < V ° 3 the signal for the C H s C (= 0 ) -  group at 8  2.30 for 6a

8a R = CH and 2.32 for 6b. I t  was thus observed qualitatively
b' R = CH(CH3) 2 4kat the former ketone was much more reactive than

the latter. In  the case of 6a, the signals for starting  
boron trifluoride etherate gave nearly equal amounts material were replaced by A B quartets centered at d 
of 1 and 3 condensation with 6b whereas sulfuric acid 5.30 (2 H, J  =  6.5 Hz, Av =  32 Hz) and 4.19 (4 H, J  =
led to a 6 :1  preference for the 3 position. Selectivity 12 Hz, Av =  76 Hz) expected2® for the 1,3-dioxane
was not due to preferential enolization of ketol 9 in ring positions 2, 4, and 6, respectively, in addition to
the 3 position but was attributed to intramolecular signals for the 5-methyl and CH 3C ( = 0 ) -  substituents
catalysis of enolization in hemiformal 7 v ia  a six-mem- ( 8  1-07 and 2.44, respectively).

(1) A. T. Nielsen and W. J. Houlihan, Org. R eact., 16, 1 (1968). (3) Determined at 100 MHz in TFA at room temperature unless other-
(2) (a) B. Wesslen and L. O. Ryrfors, A cta Chem. S cand., 22, 2071 (1968); wise noted. Support for the 100 MHz nmr spectrometer from National

(b) B. Wesslen, ib id ., 22, 2085 (1968); (c) B. Wesslen, ib id ., 23, 1017 (1969). Science Foundation Grant No. GP-8510 is gratefully acknowledged.
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T a b l e  II
P h y s i c a l  D a t a  o f  M o n o c o n d e n s a t io n  P r o d u c t s  

O R2 Ha

R iC—¿ —¿ —OR
I I

Ri Hb 
12, 13, 14, 16

Bp (mm) »g^c,
Compd (R) orm p /C  cm-1 COCFj iAB (Av)“ J a b , Hz 5Rj Sr,

13a (H) 50-55 (0.004) 1690 3.51 ( ~ 0 )6 1.18
13b (H) 1685 3 57 (~ 0 ) 1.166 2 .17b
14a (COCF3) 58-62 (0.01) 1700 1775 4 .44 (22)' 1 1  1 .3 4 '
14b (COCFs) 28-30 (0.01) 1700 1780 4 .46 (—0)' 1 .3 3 '(Ri) 2 .35
16a (Ts) 1710 3.92 (~ 0 ) i  1.10**
16b (Ts) 54.5-55.5 1705 3.90 (--M)/ 1.11" ( R / )  2.05

° Separation in hertz between an inner and outer line of the AB quartet. b In CDCI3. ' In TFA. d In CC14.

Condensation of 6b could not be carried to completion T F A  under a variety of conditions (Table I summarizes
since prolonged heating resulted in elimination to form optimal conditions) produced moderate yields of
the a,/3-unsaturated ketone 11/  as evidenced by the 2-trifluoroacetoxymethyl-2-methylcyclohexanone (14a)

which was characterized by its nmr spectrum (Table II, 
Experimental Section) and infrared carbonyl bands at 

O C(CH8)2 1700 and 1775 cm -1 .
l _ c /  Hydrolysis of 14a with aqueous methanolic 2 N

3 || sodium hydroxide gave ketol 13a6 which underwent
C dehydrative dimerization (see Experimental Section)

i j /  forming 15. The structure of 15 followed readily from
jl elemental analysis and lack of hydroxyl and carbonyl

absorption in the infrared. Moreover, the nmr spec- 
appearance of a singlet at 8  6.26 and doublet at 5 5.99 trum of 15 was uniquely simple, showing, besides meth- 
for H a and H B, respectively. Condensation with more ylene absorption, a 6 H singlet a t 8 0.91 (in CDC13)
than 3 mol of formaldehyde per mol of 6b seemed to be and 4 H A B quartet centered at 5 3.79 (J  =  11.5 Hz,
more prevalent than competing dioxane formation at Av =  89 H z). Structure 15 has a C2 axis of symmetry
the 1 position, since consumption of the starting ketone through the bridge oxygen and perpendicular to the
(singlet a t 8 2.30) was incomplete after 4 equiv of CH 20  
[singlet a t 5 5.3 for (CH20 ) 3] had been consumed. H ha
The formation of an isomeric dioxane a t the 1 position O R2

is unlikely also in view of the fact that dioxane 8b could II I
be isolated in greater than 95%  purity (by vpc) by [ J RiC— c — CRsOTs
partial fractional distillation of the crude product. / i \ /  I

In contrast, methyl ethyl ketone (6a) reacted com- ^ H b Rl
pletely to give a crude product containing only minor h a
impurities by nmr, even when 1 equiv of CH 20  in 15 16a, RI=(CH2),;R2 = CH3
excess was used. No unreacted starting material could b,R, = R2 =CH3

__+ n/r j-u- r> -i- ^  plane of atoms 2,4,6, and 8 in the chair-chair or b o at-
n f 9 ^  ib f  Methme Positions.-Condensation boat conformation of the 2,6,9-trioxabicyclo[3.3.1]-
annarpnflv ĉ  °  ex a ,n o n e  { w ormaldehyde has octane ring system, as required for equivalence of the 

PPj- ,.  een previousy studied under acidic methyl groups and methylene hydrogens H A and H B in
S S i r S T i T t 5fcours^ theM annich react1o n ). pairs. Because of dimerization it was preferable to 
Reaction of this ketone with paraformaldehyde m characterize ketol 13a as the previously reported tos-

O r 2 0  Ra ylate 16a.7
ii Arr W ® .  „ 1 1  Analysis of the condensation of ketone 12a after low

Rl—C IH ~  Ri—C— C—CH2OH conversion at room temperature revealed the presence of
R, r , singlets at 8 1.34, 1.29, and 1.24. After complete con-

1 2 a, R, = -(CH Z),-; R 2 = CH3 version additional weak singlets appeared at 8 1.38 and
b, R, = R2 = CH3 13a,b 0.90 (± 0 .0 1 ) . The origin of the S 1.24 singlet is un-

1 determined, but singlets at 8  1.34 and 1.29 are assigned
Y tfa , &tfa £0 trifluoroacetate 14a and dimer 15, respectively, on 

0  R the following basis.
|| 1 Nmr spectra of crystalline 15 and freshly distilled

Rl~ C—1CCH2OCCF3 ketcl 13a in T F A  were essentially identical after ca .
r , ¿) 0.5 hr at room temperature (6 H singlet a t 8 1.29 and
14a,b 2 H AB, Av =  0, a t 5 3.77) indicating rapid conversion of

A' Spencer’ D- S- Watt' and R- J - Friary' J - 0 r «- Chem .. 32, 1234 (6) J. Colonge, J. Dreux, and H. Delplace, B u ll. S ac. C him . F t . , 1635
<1967>- (19561.

(5) H. 0. House and B. M. Trost, ib id ., 29, 1339 (1964). (7) E. Wenkert and P. D. Strike, J .  Org. Chem ., 27, 1883 (1962)
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the latter to the former. The spectra of these same followed by vacuum distillation, gave liquid trifluoroacetates
solutions showed trace amounts of trifluoroacetate 14a 14a,b (Table I) and 1,3-dioxanes 8a,b (purified by fractional
after 30  min, but the spectra became identical with one by PrePfr^ v e  vpc; 8 ft x  0.25 in. column

another and to  th a t  of freshly distilled  14a a fte r ca. °  2-M ethyl-2-trifl!ioaietox^hylcycloheXanone (14a) (Table
18 hr a t  room  tem peratu re. T h e  absence of d oublet a t  II).—Anal. Calcd for Ci0Hi3O3F 3: C, 50.42; H, 5.50; F ,
S 1.09 for sta rtin g  ketone 12a indicates th a t  no reverse 23.93. Found: C, 50.39; H, 5.59; F , 23.87.
aldol reaction  takes place. Fu rtherm ore, the absence 3,3-Dimethyl-4-trifluoroacetoxy-2-butanone (14b) (Table II). 

of m ethyl doublets o th er th an  for 12a during the course n ^ n d -  2? ’n  ° ’28’ H’ 5 ’23’ F ’ 26‘86‘
of th e  condensation requires th a t  positional se lectiv ity  5-Methyi-5-a’cetyl-i’,3-dioxane (8a):’ bp 32-27° (0.007 mm); 
for the m ethine position be > 9 5 % . lit.2» bp 74-76° (2 . 4  mm); r™ 013 2850, 1700, 1350, 1155, 1085,

In  sum m ary, th e  condensation of ketone 12a appears 1025> 930  cm~b nmr (CDC13) 4.81 (2 H, q, J  = 6  Hz, Av = 20
to  be irreversib le in T F A  and th e  in itia l k e to l 13a is ® z ^ 3^ 2 (A H ’ c-’ J  = 1 1  Hz> A” = 7 8  2  2 7  (3 H > s)> ° - 98

trifluoroacety lated  fa r  faster th an  i t  is form ed. T h is  5-Isopropyl-5-a=etyl-i,3-dioxane (8b): bp 50-54° (0.007mm); 
m ethod offers an op portu nity  for fu rth er stud y of th e  lit.2“ bp 66-67° (0.9 mm); vZ[c“ 2840, 1695, 1346, 1158, 1028, 
aldol reaction  under w h at should be com pletely  k in eti- 9 2 2  cm-1; nmr (CDC13) 4.79 (2 H, q , ,/ = 6  Hz, Av =  34 Hz),
cally  controlled  conditions. T h e  convenient synthesis .̂-06 (4^H, q ,^J = l lH z ,  Av = 89 Hz), 2.32 (3 H, s), 1.74 (1  H,

of tosylate 16a compared with the previous method 7 re- Hydrolysis’S  KeioiSdflufroacetates I4 a ,b .-T h e  trifluoro- 
quirmg several lengthy  steps, attests to the synthetic acetates were stirred at 0° with a 10% excess of 2 N  sodium hy-
utility of the method. droxide and sufficient methanol to provide a homogeneous mix-

Similar condensation of ketone 12b gave ketol tri- ture for 2 hr- The ketos were isolated in nearly quantitative
fluoroacetate 14b as the only detectable product in the yield by ether extraction and distillation.

c , % . , 3,3-Dimethyl-4-hydroxy-2-butanone (13b): bp 83-85° (15nmr spectra of crude condensation mixtures. The mm). lit.io bp 85_86° (14 mm). „cho 3400> 2900j 1685> 1355i
trifluoroacetate was characterized as a crystalline 1110, 1030 cm“1; nmr (CDC1S) 3.57 (2 H, d, /  =  6 Hz), 2.80
ketol tosylate 16b following basic hydrolysis. Analy- (l H, broad t, J  = 6 Hz), 2.17 (3 H, s), 1.16 (6 H, s). 
sis of the mixture after low conversion by nmr revealed 2-Methyl-2-hydroxymethylcyclohexanone (13a): bp 50-55°  

i . . x o qk A o on • f  (0-004 mm); lit.6 bp 107-108° (11 mm); v“ cl3 3450, 2586,only two singlets at 5 2.35 and 2.30 m the region for 169o, 1432j 13 10  1035 em- 1; nmr (CDCi3) 3 -5 1 (2 h , s ), 2.66

methyl groups next to a carbonyl group. This fact (i h , broad s), 2.38 (1 H, m) 1.79 (7 H, m), 1.18 (3 H, s). 
and the absence of CH3 doublets, except for starting c:ro-4,7-Dim ethyl-2 ,6,9-trioxatetracyclo [3.3.1.41 8.44 5] hepta-
ketone 12b at 8 1.17 ( J  =  7  Hz), require >95%  po- decane (Dimer 15).—Addition of water to a methanol solution
sitional selectivity for the methine position. °f ke,to1 and a \racet of P-toluenesulfonic acid which had been

^ standing for 1 week at room temperature gave white crystals:
mp 95-96° (after recrystallization from ether); iva„C13 2940,

Exnerimental Section 1450> 1166> 1080’ 967 cm_1i nmr (CDC1‘ ) 3.78 (4 H, q, J  = 11iix p e n m e m a i s e c tio n  Hz, Av =  98 Hz), 1.56 (16 H, m), 0.91 (6 H, s). Anal. Calcd
Melting points and boiling points are uncorrected and the f°r ChHm0 3: C, 72.14; H, 9.84. Found: C, 72.07; H, 9.56. 

former were measured in an electrically heated Thiele-Dennis Preparation of Ketol Tosylates 16a,b. The tosylates were
tube. Infrared spectra were recorded on a Beckman IR-5A or prepared from 1.5 to 2 equiv of tosyl chloride in pyridine and 
Perkin-Elmer 457 spectrophotometer. Nuclear magnetic reso- cfude or short-path distilled ketols, according to the procedure
nance spectra were determined on a Varian HA 100 spectrometer given by Fieser.11 Crude tosylates 16a and 16b were obtained
in the frequency sweep mode, and chemical shifts were reported >n yields of 76.5 and 100%, respectively.
in 5 units in either CDC13 or trifluoroacetic acid. Vpc analyses 3,3-Dimethy!-4-hydroxy-2-butanone tosylate (16b): t>max
and purifications were performed on a Varian Aerograph Model 1705, 1354, 1172, 972 cm *; nmr (CC14) 7.52 (4 H, q, J  = 8 Hz,
A 90-P3 or 700 instrument using helium carrier gas at 80-100 Ar = 42 Hz), 3.93 (2 H, s), 2.45 (3 H, s), 2.05 (3 H, s), 1.11 (6
ml/min and a thermal conductivity detector. Analyses were H, s). Anal. Calcd for Ci3Hi80<S: C, 57.76; H, 6.71; S,
performed by Galbraith Laboratories, Inc. 11.86. Found: C, 57.76; H, 6.66; S, 12.01.

Materials.—Trifluoroacetic acid was redistilled Eastman high- 2-Methyl-2-hydroxymethylcyclohexanone Tosylate (16a).—
est purity grade. Paraformaldehyde was Fisher Certified grade. The crude tosylate 16a could not be crystallized even after re- 
Toluenesulfonyl chloride was Eastman practical grade, recrystal- peated column chromatograph on silicic acid using benzene-
lized according to Pelletier.8 Ketones were commercially avail- ethyl acetate and ether-hexane eluents. This compound tends
able materials used without redistillation. form an oil after initial crystallization:12 vm„^ 3 2940, 1710,

Condensations in TFA.—Typically'the ketone (0.100 mol) and 1360, 1170, 970 cm 1 (lit.9 ir 1710, 1360, 1175 cm *); nmr
paraformaldehyde (0.130 equiv for methine condensation, (CCL) 7.50 (4 H, q, J  = 8 Hz), 3.92 (2 H, s), 2.44 (3 H, s),
0.400 equiv for methylene condensation) were dissolved in five 2 -24 (1 H, m), 1.74 (7 H, m), 1.10 (3 H, s). 
times the weight of ketone of TFA and stirred in a preheated
bath. Aliquots were withdrawn periodically and the reaction was Registry No.—Formaldehyde, 5 0 -0 0 -0 ; 13a, 10316- 
followed by nmr to maximum ketone consumption. Identical 6 1 -7 ; 13b, 1823-90-1 ; 14a, 24706 -8 6 -3 ; 14b, 24706-87- 
reaction mixtures were obtained whether the paraformaldehyde 4 . n ;a  13756-93-9- 16b 24 7 0 6 -8 9 -6 ' IS  24694-65-3 . 
was added all at once or 1 equiv at a time.

Excess TFA was removed with an aspirator vacuum at 25 (9) Trifluoroacetylated materials contaminated 8a,b after fractionation;
and the crude product was freed of residual TFA by dissolving these were not investigated.
in ether and washing with saturated sodium bicarbonate solution (10) J. Decombe, Compt. Rend. H., 203, 1077 (1936).
until neutal. Drying of the ether layer with anhydrous mag- (ll) L. F. Fieser. and M. Fieser, “Reagents for Organic Synthesis,”
nesium sulfate, filtration, and evaporation of solvent in vacuo, John Wiley & Sons, Inc., New York, N. Y., 1967, p 1179.
___________  (12) Private communication from Professor E. Wenkert whom we thank

(8) S. W. Pelletier, Chem. Ind. (London), 1034 (1953). for a helpful discussion.
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The chemical behavior of the immediate 1,4-addition product of phenylmagnesium bromide and methyl cin- 
namate has been compared with that of the reaction product of zinc with methyl 2-bromo-3,3-diphenylpropan- 
oate. In each instance completely analogous behavior was observed: direct work-up afforded methyl 3,3-
diphenylpropanoate; reaction with benzoyl chloride afforded the enol-benzoate of methyl 3 ,3-diphenylpro- 
panoate; fluorenone afforded methyl 3,3-diphenyl-2-(9-hydroxy-9-fluorenyl)propanoate; and prolonged standing 
or heating afforded a “dimeric” reagent which upon work-up yielded methyl 5,5-diphenyl-2-diphenylmethyl-3- 
oxopentanoate, or a readily explained derivative thereof. The experimental data are interpreted as compelling 
evidence in support of describing the Reformatsky reagent as the bromozinc enolate of an ester and as providing 
support for describing the “dimerized” Reformatsky reagent as the bromozinc derivative of a hemiketal of an 
unsymmetrical (/3-lactone) ketene dimer.

In a previous paper4 a preliminary study of the is not equally well pictured as - 0 “ +ZnBr, which after
preparation of the discrete Reformatsky reagent from all is a necessary contributor to the resonance hybrid,
zinc and ethyl a-bromoisobutyrate in solution was Such a formulation suggests that the organic moiety
reported. Two types of organic compounds associated might better be considered a discrete ester enolate
with zinc were shown to be present in solution: reagent anion. In the case of ethyl isobutyrate, this question
A, which is formed first and which behaves as expected may be answered by pointing to the nature of the
for the so-called Reformatsky reagent; and reagent B, tritylsodium-induced self-condensation of the ester
which is inactive toward a reference ketone (fluorenone) which has been shown to proceed to completion only if
and which can, most simply, be viewed as a “dimeric” the desired product, ethyl isobutyrylisobutyrate is
compound derived from 2 mol of reagent A with the removed from the solution by tritylsodium-induced y
elimination of the elements of 1 mol of ethoxyzinc enolization.7 One must conclude that a highly un­
bromide. The present research was designed to pro- favorable equilibrium exists for the reaction between
vide experimental evidence for a choice between the ethyl isobutyrate anion and ethyl isobutyrate to give
two simplest alternatives for the structure of reagent A, ethyl isobutyrylisobutyrate and ethoxide ion. Thus
the discrete Reformatsky reagent in solution: an there is little tendency for the discrete ethyl isobutyrate
a-bromozinc ester (i .e ., the classical Grignard formula- anion to react with its parent ester carbonyl group,
tion); or a bromozinc enolate of an ester (as suggested In contrast, the Reformatsky reagent adds to ester
by comparison of its behavior with that of the Ivanov carbonyls,6 albeit slowly. Consequently, it is reason-
reagent,6 e .g ., RR C=C(0M gX)2 from RR^HCChH able to infer that there is a fundamental difference
+  2 i-PrMgX. The former structure is supported by between reagent A and a sodium enolate. The latter,
the obvious parallels in its reactions with carbonyl most simply pictured, involves a truly ambident ion8
compounds6 with those of Grignard reagents, and the with sodium as the counterion, and the former, most
latter for its resemblance to the Ivanov reagent as well simply, is better considered as an essentially covalent
as by the slowness with which it appears to “dimerize”4 system. That one may expect a difference between
and the apparent reluctance with which it adds to the anions with sodium as counterion and halozinc, halo-
ester carbonyl of unreacted a-bromo ester in the course magnesium, and lithium as counterions has been
of its formation. The possibility that the suggested demonstrated by Hauser9 and specifically for the “re-
“dimeric” product is formed principally by addition of verse Reformatsky”6 by one of us.4
reagent A to unreacted a-bromo ester is excluded by It has been pointed out by Fuson16 that acid chlorides 
the fact that reagent A can be prepared in high yield react with sodium enolates to give C-acylation, except
virtually without concurrent production of presumed under special conditions. However, the benzoyl chlo-
dimer, which can then be formed directly from reagent ride acylation of the bromomagnesium enolate of methyl
A by standing or heating.4 3,3-diphenyIpropanoate leads to the O-benzoyl deriva-

If reagent A is to be formulated as the second alterna- tive without the aid of pyridine,11 an observation which
tive, one must ask whether or not the zinc-ozygen bond supports the argument favoring covalent character for

O__ZnBr O-metal bond in a bromomagnesium enolate, which,
\  /  if anything, should be less covalent than a correspondingP bromozinc enolate. Whatever the exact situation may

O—R  be> the discrete Reformatsky metal reagent and a
reagent A corresponding sodio enolate behave respectively like

0) TO whom inquiries should be addressed: The University of Con- “C°Vf lef  enolate” and discrete enolate anions.
nectiout. i t  is clear from  th e  earliest reported  synthesis o f e th y l

(2) Work supported in part by a grant from The University of Con-
neetieut Research foundation . W  C. R. Hauser and W. B. Renfrew, Jr„ J. A m er. Chem . S ac ., 59, 1823

(3) Abstracted from the Ph.D. Dissertation of H. P, Knoess, The Uni- (1933).
Veait5Wf R ICV ^  h 196q r  R t • , ,  ®  N- Kornblum, R. A. Smiley, R. K. Blackwood, and D. C. Iffland,(4) W. K. Vaughan, S. C. Bernstein, and M . E. Lorber, J .  Org. Chem ., ib id ., 77, 6275 (1955).
80/s\79w 67 - , ,  (8) C. R. Hauser and W. H. Puterbaugh, ib id ., 75, 4756 (1953).

®  H> “ d M- D- T™'er, J .  A m er. Chem . Hoc.. 79, 1920 (10) R. C. Fuson, "Reactions of Organic Compounds,” John Wiley &
(1U£>/1' Sons, Inc., New York, N. Y., 1962, p481.

(6) R. L. Shriner, Org. R e a d ., 1, 1 (1942). (1!) E. P. Kohler and G. Heritage, A m er. Chem . J . ,  S3, 21 (1905).
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isobutyrylisobutyrate from ethyl a-bromoisobutyrate The foregoing compounds were characterized by mo- 
and magnesium12 that there may be parallels between lecular weights, elemental analyses, and degradative
the behavior of the Reformatsky reagent and the anal- experiments. In addition, the formation of 7a was
ogous bromomagnesium reagent which are closer than reported along with 8  and 9 from methyl cinnamate and
the suggested analogy6 between the Reformatsky and phenylmagnesium bromide; but for 7a only the ele-
Ivanov reagents. Consequently, it was decided to mental analysis was reported, no molecular weight
compare the chemical behavior of a bromomagnesium being determined.
enolate formed by 1,4-Grignard addition to an a,^-un- The dimerization of reagent A (5), as in the case of 
saturated ester with that of the analogous Reformatsky isobutyrate, was readily realizable for the reaction
reagent (he., reagent A) formed from the corresponding between zinc and methyl 2-bromo-3,3-diphenylpro-
a-bromo ester. If identical or strikingly similar panoate, the product isolated being 7a which was
behavior is encountered, the case for formulating reagent independently synthesized v ia  the Claisen condensation
A as shown above (he., as a bromozinc enolate of an of methyl 3,3-diphenylpropanoate. However, our 7a
ester) is greatly strengthened, if not completely settled. corresponded in no way with that reported by Kohler

Grignard reagents react with a,/3-unsaturated esters and Heritage which we, too, were able to obtain under
by both 1,2 and 1,4 addition . 13 In 1905 Kohler and their conditions. Mass spectrometric analyses on the
Heritage studied the reactions of phenylmagnesium Kohler and Heritage compound strongly suggest that
bromide with methyl cinnamate11 (la) and phenyl it is a “trim eric” /3,5-diketo ester probably containing
cinnamate14 (lb). W ith both esters 1,4 addition was tightly bound solvent molecules sufficient to account
observed. In both cases, treatm ent with water for the observed elemental analyses which varied some-
r  w oh—rw rn  n > r  w what 011 prolonged vacuum drying. Conventional

6 5 la b 2 6 6 8  molecular weight determination for this supposed 7a
came within 4 .5%  of the calculated value for the “tri- 

OMgBr meric” compound, and nmr analysis provided support 
(C6H6)2CH—C H =C  for the trimeric structure through integration for

\  aromatic, methylene +  methine, and methyl protons.
_  0R  A very similar product was detected as a minor product

2b’ R = C6Hb ln the “dimerization” of 5. However, the effective
“dimerization” of bromomagnesium enolates is clearly 

afforded 3,3-diphenylpropanoate ester (3a,b) and with evident in the formation of 7b and in the synthesis of 
benzoyl chloride, the enol benzoate of the ester (4a,b). ethyl isobutyrylisobutrate . 12

In addition to confirming the observations of Kohler That no 8 or 9 is formed in the Reformatsky case 
and Heritage with the methyl ester, the Reformatsky follows from the absence of phenylmagnesium bromide
(5) reagent was prepared from methyl 2-bromo-3,3-di- under the usual conditions. However, it is surprising
phenylpropanoate and zinc and allowed to react with that, when the Grignard reagent is added to fully
water and with benzoyl chloride, whereupon the same “dimerized” 5 (reagent B), compounds 8 and 9 still fail
products were obtained, 3a and 4a, respectively. to appear. This would appear to be evidence that

Next, 5 was allowed to react with fluorenone to give reagent B has no readily accessible carbonyl group,
the typical Reformatsky product, methyl 3,3-diphenyl- Infrared spectroscopy provides support for this in- 
2-(9-hydroxy-9-fluorenyl)propanoate (6 ). I t  was then ference (see below).
shown that the same product (6 ) could be obtained I t  has been suggested by one of us, with supporting 
from 2a, prepared according to Kohler and Heritage’s arguments, 4 that “dimerization” of reagent A to
instructions, albeit in lower yield. Thus 5 and 2a have reagent B proceeds by elimination of the elements of an
three reactions in common: hydrolysis to 3a, O-ben- alkoxyzinc bromide, leaving a ketene to which residual
zoylation to 4a, and reaction with fluorenone to give 6 . reagent A then adds, leading to

Besides the formation of 2a and 2b, Kohler and 
Heritage observed formation of “complex products i OR
derived from two molecules of the unsaturated com- I I
pound” on reaction with phenylmagnesium bromide. 9 C—0 —ZnBr
Among these were the following: 7b, phenyl 5,5-di- I____I
phenyl-2-(diphenylmethyl)-3-oxopentanoate; 8, 1,1,5,5- 0
tetraphenyl-2-benzoyl-3-pentanone; and 9, 1,1,5,5- \
tetraphenyl-2-diphenylhydroxymethyl-3-pentanone. reagent B

(C6H5)2CHCH2COCH [CH (CeHslJ C02R
7a, R = CH3 This clearly can yield 7a on acidification, 4 and, provided
b, R = C6H6 only that the oxygen-zinc bond is sufficiently covalent,

(C<H5)2CHCH2COCH(COC6H5)CH(C6H6)2 it need not react with Grignard reagent. The related
8  ketene dimer (e .g ., 1 0 ) would have a distinctive, high-

(CJ ,,.CHCH.COCH,C<OHKCf l .«O H (C .„ ,k

___________ solution (see below). If 2a, the bromomagnesium
(12) y  Saikind, j . Russ. Rhys. Chem. Soc, 38, 97 (1936); J. Zeitmer, analog of 5, affords a  reagen t C  (th e brom om agnesium

Ber., 41, s89 (1908). analog of reagen t B) as a precursor to  8 and 9, th e  only
(13) m . s. Kharasch and o. Reinmuth, "Grignard Reactions of Non- substantive difference between reagents B  and C must

mptallir’ Substances,” Prentice-Hall, New York, N. Y., 1954, pp 564 if. . , . r a •
(14) e . p . Kohler and g . Heritage, Amer. chem. j .. 34,568 (1905). reside in th e  o xy g en -m eta l bond, w hich for m agnesium
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is less covalent than for zinc.16 This difference can 1,4-Grignard additions effectively rules out meaningful
facilitate either or both of the following reactions. spectra in that system. However, we did examine a few

cases of the Reformatsky reagent from methyl 2-bromo- 
| J d  I 3,3-diphenylpropanoate with results completely analo-

— C----- C  — C----- c—O—MgBr C = 0  gous to those obtained from the Reformatsky reagent
j | j | 'MgBr derived from ethyl a-bromoisobutyrate. The only

C----- o  C------0  /  identifiable carbonyl absorption is clearly attributable
~~~f ''V * __ / /  to residual unreacted a-bromo ester; there is no high-

' jo ' '  frequency carbonyl stretching or still higher frequency-
(+R0MgBr) reagent C reagent D ketene absorption; and there is (in reagent A) a rela­

tively strong absorption at 1555 cm -1 analogous to that 
Reagent D has the ester carbonyl required for the at 1525 c m - 1 in the simpler Reformatsky reagent.4
production of 8 and 9 by reaction with 1 or 2 mol of T hat this is n o t  to be attributed to a chelated carbonyl
phenylmagnesium bromide, and 10 is a 0-lactone of the group {e .g ., the bromozinc analog of reagent D) or to 
unsymmetrical ketene dimer type which has been shown
to afford analogs of 8 and 9 .16 Failure to obtain similar OR
products from phenylmagnesium bromide and reagent |
B  m ay be attributed to the greater covalent stability of o f  '''zn__gr
the oxygen-zinc bond.15 ^ 1 1 /

To be sure, Kohler and Heritage proposed an alter- r
native route to 7, 8, and 9 which involved first a Claisen- j
type reaction between 2 and unreacted cinnamate ester, OR
but this postulate is seriously to be questioned, since the ,  ni , . ., , , , . . . ,.
essential intermediate is a 2-cinnamoyl-3,3-diphenyl- A llo w s  f r o m  the failure to obtain appropriate reaction
propanoate ester (11) which could not be isolated. pr0.ductf  fro™, the reagC,lt solutlon and P^n ylm ag-
Further, the only derivative of 11 whose interme- neS1Um broraide' 
diacy could reasonably be inferred was the 1,4-phenyl-
magnesium bromide adduct across the a,0-unsaturated Experimental Section17-21
ketone system of 11, which is in fact D, whose genesis D , __. , .. , , /TJ ,
we have formulated v ia  an entirely different route. granular, 9 9 .8 % ) zinc was covered with concentrated sulfuric

In summary, the chief difference between 2a and 5 acid containing a few drops of nitric acid and was heated to 100°
appears to be a greater propensity for 2a to “dimerize” for 20 min with occasional stirring. Then the mixture was
(and “trimerize” ) which seems to be more characteristic cooled to room temperature, suction filtered through a sintered-

„  • i , ,r e ■ i i  19 rnL‘ glass funnel, and washed with three 50-ml portions of water,of magnesium enolates than of zinc enolates.12 This, three 50.ml portions of acetone, and three 50_ J  portions of ether;
too, is reasonably attributed to lesser covalency in the The treated zinc was then stored in a vacuum desiccator over
oxygen-magnesium bond; however, one may wish to phosphorus pentoxide.
form u late the “ dim erization” reaction . Methyl 2-Bromo-3,5-diphenylpropanoate.—A mixture of 24.3

In  th e  preceding paragraphs we have presented g (l«7 mmol) of 3,3-diphenylpropionic acid 1.3 g (43 mmol) of
• j  r , n i - i ,• , red phosphorus, and 2o ml of oenzene was treated dropwise and

evidence for three types of chem ical reaction s: O -ben- with mechanicai stirring with 3 5 . 2  g (217 mmol) of bromine.
zoylation, addition to the fluorenone carbonyl group, Stirring was continued with heating on the steam bath overnight,
and “dimerization,” each of which is realizable with after which excess bromine and hydrogen bromide were removed 
both the 1,4-phenylmagnesium bromide adduct of by a. water aspirator. The red upper layer was decanted from
methyl cinnamate (2a) and the reaction product of T  ^ V ? 016'1 (° ) (80 m/ fof aj f ,lute methanol,J  1 o v o o T 1 i y  t and the resultant red solution was stirred for 45 mm with mter-
zmc with methyl 2-bromo-3,3-diphenylpropanoate (5). mittent warming on the steam bath. Next it was concentrated,
These taken in concert with earlier evidence4-6 establish dissolved in 100 ml of benzene, and washed with three 100-ml
a formal identity for the two reagents (2a and 5) in portions of water, two of 5%  sodium carbonate solution, three of
solution, and the mode of formation of 2a leaves little or sodium thiosulfate solution, and one of saturated sodium chloride
™  u* , ,i , , , •, , r solution, then the organic layer was dried over anhydrous
no room for doubt as to the simplest compatible formu- magnesium sulfate, concentrated, and allowed to stand overnight,
lation lor it and, therefore, for 5 (reagent A), the discrete whereupon it partially solidified. The crystals were collected by
Reformatsky reagent in solution. The case for formu- filtration and washed with petroleum ether (bp 30-60°) leaving
lating the Reformatsky “dimer” (reagent B ) as a 13.11 g of crude product which was dissolved in 200 ml of cyclo-
cov alent brom ozinc d erivative of a  h em iketal of th e  J1“ ’ f efl.uxe,d with Norit filtered and concentrated to give
„„„  V 1  , , two crops of white crystals (7.23 and 1.48 g, 21.9%  yield). An
unsym m etrical (/3-lactone) keten e dim er is strengthened  analytical sample was recrystallized from cyclohexane, mp 106.5-
b y  th e  failu re of reagen t B  to  afford 8  and 9 w ith  added 107.D°.
phenylmagnesium bromide. This failure would appear Anal. Calcd for CielKBrCh: C, 60.20; H, 4.74; Br, 25.04.
to rule out an y  appreciable equilibria involving a free Fo^Ilci:. 60.28; H, 4.74; Br, 25.16.
ketene dimer {e .g ., 10) and/or a chelated ester carbonyl and “ “  Spe°tra are °onSlstent Wlth the assigned
{e .g ., the bromozinc analog of reagent D ). ----------------

Finally a few words concerning infrared spectra are , (i ,) ThLmoleculfr l™1,8?4 / etermination and »u microanalyses were done
^PP-^OP^tnte. A t best it is extremely difficult to obtain (IS) The mass spectra were recorded on a AEI-MS 12 mass spectrometer
good spectra of the Reformatsky reagent (A and/or B ) at Tte University of Connecticut by 0. W. Norton.
in solution,4 and the complexity of products from the All melting points and boiling points are uncorrected.

1 r  J  r  (2u; Ihe vapor phase chromatography (vpc) was done on an Autoprep
r> ( 705 instrument using a 5 ft X Vs in. column of 4% SE-30 on Chromosorb

(15) H. Gilman [in H. Gilman, “Organic Chemistry,” John Wiley & 6, a nitrogen flow rate of 5 ml/min, and a column temperature program of
Sons, Inc., New York, N. Y., 1943, p 489 ff. 50-200° with a 15°/min temperature rise.

(16) D. V. Nightingale and R. H. Turley, Jr., J .  O rg . Chem ., 26, 2656 (21) The silica gel used for all thin layer chromatography (tie) was Brink-
(1961). mann S. G. PF254 with 5% calcium sulfate.
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Preparation of Reagent 2a.—Preparation of phenylmag- and 340 mg of relatively pure 6 23 which was recrystallized twice
nesium bromide was carried out in the usual manner and in a from carbon disulfide: mp 143-145°; ir (CS2 solution) 3500 and
nitrogen atmosphere. Upon completion of the reaction, the 1735 cm-1.
solution of the Grignard reagent from 2.0 g (82 mg-atoms) of Anal. Calcd for C29H240 3: C, 82.83; H, 5 .7 5 . Found: 
magnesium and 13.5 g (86 mmol) of bromobenzens in 40 ml of C, 82.87; H, 5.71.
ether in one run was cooled in ice water and treated with 1.77 g The nmr spectrum is consistent with the assigned structure. 
(~ 15  mol % ) of dry cuprous bromide; however, no readily Treatment of a colorless ethanol solution of 6 with a little dilute
observable difference in results was obtained if this step was sodium hydroxide immediately produced a yellow color, fluo-
omitted. Addition dropwise of 1 0 . 0  g (63 mmcl) of methyl renone from a “reverse Reformatsky,” as observed elsewhere.4
cinnamate in 40 ml of absolute ether over a 1.5-hr period with (b) Ufa the Reformatsky Reaction.—A solution prepared from
stirring for an additional hour provided the solution of reagent 3.19 g (10 mmol) of the bromo ester was treated with 1.80 g (10 
2a. _ mmol) of fluorenone in 15 ml of the “solvent” and refluxing was

Preparation of Reagent 5.—This reaction was also conducted continued for 2 hr. The reaction mixture was then hydrolyzed
in a nitrogen atmosphere. Zinc, 295 mg (4.5 mg-atoms), and a with 20 ml of saturated ammonium chloride solution, the aqueous
small crystal of iodine were covered with 5 ml of 1:1 (v/v) ab- layer was separated and extracted with 10 ml of benzene, and
solute ethyl ether-dry benzene (called “solvent” in the sequel). the organic layers were combined and dried over anhydrous
The zinc-solvent mixture was stirred and warmed to effect re- magnesium sulfate. Filtration and concentration afforded 4 .4 3  «
flux, and a few drops of a solution of methyl 2-bromo-3,3-di- of a yellow oil. As in the previous procedure chromatography
phenylpropanoate (“ester” ) (1.60 g, 5.00 mmol) in 12.5 ml of on Florisil yielded 6 , 24 which was recrystallized from carbon
solvent was added. If needed, a few drops of methylmagnesium disulfide-petroleum ether (bp 30-60°), in two crops: 0.91 g,
iodide solution was also added to initiate the reaction. The mp 147.5-149.0°, and 0.38 g, mp 146.5-148.5°. The total yield
whole amount of the ester solution was added drcpwise over a was 34% . The melting point was not depressed by the previous
3-hr period, but at 1.25 hr there was added an additional 197 mg sample, and the infrared spectra of the samples from both pro-
(3.00 mg-atoms) of zinc, and at the end of ester addition there cedures were identical. The present product behaved identically
was added 154 mg (2.0 mg-atoms) of zinc, after which the mixture with sodium hydroxide.
was refluxed for 2.25 hr. The resulting solution was used for Methyl 5,5-Diphenyl-2-diphenylmethyl-3-oxopentanoate (7a). 
experiments requiring reagent 5. (a) Via the Claisen Condensation.—A solution of 48.1 g (200

l-Methoxy-2-benzhydrylvinyl Benzoate (4a). (a) Via 1,4- mmol) of methyl 3,3-diphenylpropanoate in 50 ml of o-xylene
Grignard Addition.—To the full amount (above) of reagent 2a (freshly distilled from calcium hydride) was treated under nitro-
solution was added a solution of 11.55 g (82 mmol) of benzoyl gen with 9.6 g (200 mmol in 50% oil dispersion) of sodium hy-
chloride in 20 ml of absolute ether over a 1 0 -min period. The dride. Stirring was started and the gray mixture was slowly
resulting solution was refluxed for a few minutes and then was warmed to reflux in an oil bath. After 3.25 hr of refluxing, the
transferred with the aid of a little acetone into a beaker containing dark brown mixture was cooled and hydrolyzed with 100  ml of
200 ml of ether. Upon addition of 100 ml of 1% hydrochloric 50% acetic acid. The solvents were removed in a rotary evap-
acid, the black tar dissolved leaving a precipitate of crude ben- orator leaving a yellow solid which was titurated with hot chloro-
zoate which was collected by filtration, washed with ether, dis- form and filtered. The filtrate was concentrated, diluted with
solved in acetone, hot-filtered, and allowed to crystallize. The absolute ethanol, and allowed to crystallize. Two crops of white
light green crystals were washed white with acetone, and two crystals were obtained, 29.1 g (61.8% ). An analytical sample
additional crops were obtained from the concentrated mother was recrystallized from 2 : 1  (v/v) ethanol-acetone: mp 152.5-
liquor: total yield, 3.38 g, 15.4%. An analytical sample was 153.2°; ir (KBr) 1735 and 1710 cm-1.
twice recrystallized from benzene-petroleum ether (bp 30-60°), Anal. Calcd for C3iH280 3: C, 83.01; H, 6.29. Found'
mp 155-156° (lit.11 130-133°). C, 83.12; Id, 6.19.

Anal. Calcd for C23H20O3: C, 80.21; H, 5.85. Found: The nmr spectrum is consistent with the assigned structure.
C, 80.27; H, 5.92. (b) Via the Reformatsky Reaction.—A solution of reagent 5

The infrared and nmr spectra are consistent with the assigned was prepared from 3.19 g (10 mmol) of bromo ester and then was 
structure. refluxed for 24 hr. The reaction mixture was hydrolyzed with

(b) Via the Reformatsky Reaction.—To the full amount 50 ml of half-saturated ammonium chloride solution, the aqueous
(above) of reagent 5 was added 703 mg (5.00 mmol) of benzoyl layer was separated and extracted with 25 ml of ether, and the
chloride in 10 ml of 1:1 ether-benzene over a 15-min period. combinedor ganic layers were dried over anhydrous magnesium
Reflux was continued for 5 hr. The reaction mixture was hy- sulfate, filtered, and concentrated to give 2.24 g of yellow oil. Tri-
drolyzed with 50 ml of half-saturated ammonium chloride solu- turation of the oil with ether left a white solid which was washed
tion, and the aqueous phase was extracted with 25 ml of benzene. with ether and recrystallized from ethanol and then from 2:1
The combined organic layers were washed with 25 ml of sat- (v/v) ethanol-acetone to give 321 mg of satin-white needles of
urated sodium chloride solution, dried over anhydrous magnesium 7a, mp 154.0-154.5°with no depression on mixture with product
sulfate, and concentrated to a yellow oil which partially crystal- from Claisen condensation whose infrared spectrum was identical
lized on standing. The crystals were collected oy filtration, with that of the present product. A number of complex products
washed with petroleum ether (bp 30-60°), and dried: 171.5 mg were isolated from the mother liquors from recrystallization and
of crude 4a, mp 144.0-144.5°. Purification as before afforded trituration of which only dimethyl 2,3-dibenzhydrylsuccinate was
white crystals, mp 154.5-155.5° with no depression in mixture identified: 210 mg: mp 188.5-190.0°; ir (KBr) 1755 cm-1;
melting point. The infrared spectrum was identical with that of nmr (CDC13) 7.20 (s, 11.4) 7.12 (s, 8 .6 ), 4.05 (m, 3.9), 2.99 (s,
the previous sample. 6.1); mass spectrum (70 eV) m/e 478 (parent ion).

Methyl 2-(9-Hydroxy-9-fluorenyl)-3,3-diphenylpropanoate (6 ). Anal. Calcd for CVJU/h: C, 80.31; H, 6.32. Found:
(a) Via 1,4-Grignard Addition.—Using half of the solution of C, 80.22; H, 6.28.
reagent 2a prepared from 1.22 g (50.0 mg-atoms) of magnesium, An additional 25.8% yield of 7a was isolated from the mother
‘there was added a solution of 3.6 g (20 mmol) of fhorenone in 30 liquors by column and thin layer chromatography,
ml of absolute ether, and the reaction mixture was refluxed for The infrared spectrum of reagent 5 during the above dimer-
2 hr. I t  was then poured into 50 ml of ice water and was treated ization was taken at the end of ester addition and at the end of 3
with saturated ammonium chloride solution until the magnesium hr of refluxing. The first spectrum shows residual bromo ester
salts dissolved. The separated aqueous layer was extracted (1750 cm-1, strong) and a weak band at 1555 cm-1; the second
with two 25-ml portions of ether, and the combined ether layers spectrum shows residual ester (1750 cm-1, moderate) and a mod-
were dried over anhydrous magnesium sulfate, filtered, and con- -----------------
centrated to give 6.69 g of a six-component oil (thin layer chro- (23) Using 32.9 g of Florisil in 20-mm-o.d. column, 75-ml fractions: no.
matography): biphenyl, 3,3-diphenylpropiophenone, fluorenone, 1—6, benzene; no. 7-19, 1:19 ether-benzene; no. 20-24, 1:1 ether-benzene.
9-pherylfluorenol, methyl cinnamate (trace), and the product, Compound 6 was found in fraction no. 7 -1 2  (340 mg).
6 Two successive chromatographs on Florisil (100-200 mesh) (24> Usi"g 90 £ cf Florisil in 30-mm-o.d. column, 250-ml fractions: „0 .

* . , - n r\n e  .uu _1 1 1 rr /on OC7  ^2  1-8, benzene; no. 9-10, 5% ether-benzene; no. 11-14, 25% ether-benzene.afforded from 6.07 g of the oil, respectively, 1.11 g (29.2%) Product # ^  obta:ned from fraction in no 4_6 Preparative tlc (20 x
•------------------- 20 cm2 X 1.25 mm silica gel, five benzene elutions) afforded 44.7 mg of 6

(22) Using 319 g of Florisil in a 4.5-cm-o.d. column, 200-ml fractions; from an aliquot. This corresponds to 132 mg in the total eluate from no.
no. 1-25, benzene; no. 26, 1:3 ether-benzene; no. 27, 1:1 ether-benzene: 4-6. More product was obtained from later fractions, and 6 was isolaled l.\
no. 28-39, ether. Crude 6 was found in fraction no. 25-35 (1.4 g). recrystallization.
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erately intense band at 1555 cm-1. No other carbonyl bands checked by tic for identity with 9 and its two decomposition prod- 
were observed nor was there any absorption between the carbon- ucts, none of which was detected.
hydrogen stretching region and 1750 cm“1. Kohler’s 7a.—The crude product had mp 200.5-206.5° and

2-Diphenylhydroxymethyl-l,l,5,5-tetraphenyl-3-pentanone (9). was recrystallized from ethanol-chloroform to give satin-white 
—A 15.4% yield of this compound was isolated, following the needles [dried over phosphorus pentoxide at 80° (5 mm)], mp 
procedure of Kohler and Heritage,11'14 mp (fast) 154-155°, lit .11 209.2-210.7°. A second recrystallization with 3 days of drying
153°. The infrared spectrum is compatible with the assigned as before gave mp 216.0-217.5° (lit.14 211-213°); ir (KBr) 1760
structure. Refluxing with 10% sodium hydroxide solution for 1720, and 1665 cm“1; nmr chemical shifts nearly identical with 
2 hr followed by ether extraction afforded 1,1,5,5-tetraphenyl- those for authentic 7a. The integrated nmr peaks fit methyl
pentanone-3, mp 125.5-127.0° (lit.14 130°). On heating in a 2,4-dibenzhydryl-3,5-dioxo-7,7-diphenylheptanoate: mass spec-
kugelrohr at 30° (11 mm) two pure products condensed on the trum (70 eV) m /e  656 (parent ion); isotopic abundance ratios at
cooler parts of the tube: the white solid was the above pentanone, m /e 656 (Calcd: 100,51.65,14.10. Found: 100,51.5,14.3.);
and the liquid proved to be benzophenone by tic (silica gel- conventional mol wt (vapor pressure1 in chloroform) 680. 
benzene) comparison with authentic samples.

Attempts to prepare 9 from reagent 5 by addition of phenyl-
magnesium bromide solution were fruitless, only 7a being iso- Registry No.-M ethyl 2-bromo-3,3-diphenylpro- 
lated m 41.5%  yield (crude). A considerable variety of un- °  Anon m  n j -  ¿.i* i o o j -u V j  1
identified products was obtained by chromatographic procedures panoate, 24689-50-7; dimethyl 2,3-dibenzhydrylsuc-
and each, which could be isolated relatively pure (tic), was cinate, 24728-01-6; 6,24689-51-8; 7a, 24647-01-6.

Enthalpy, Entropy, and Free-Energy Changes in the Equilibration of 
cis- and trail.s-Ethyl 3-i-Butyleyclobutanecarboxylate  

and 3 -t-B u  tylcy clobutanol

Gary M . L ampman, Gordon D. H ager , and Gerald L . Couchman

Department o f Chemistry, Western Washington State College, Bellingham, Washington 98225
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The cis- and irons-3-i-butylcyclobutanols have been prepared and equilibrated with aluminum isopropoxide 
in isopropyl alcohol at different temperatures. The thermodynamic parameters (trans to cis) are t\H = —1.6 
kcal/mol, AS = —1.1 cal/(deg mol), and AGm =  —1.15 kcal/mol. The equilibration of ethyl 3-i-butylcyclo- 
butanecarboxylate with sodium ethoxide in ethanol at different temperatures gives AH = —0.8 kcal/mol,
AS =  —0.7 cal/(deg mol), and AGioo =  —0.58 kcal/mol. The cis isomers are enthalpically favored while the 
trans isomers are entropically favored. The results have been explained on the basis of a relatively rigid puckered 
cis isomer and a somewhat flexible trans isomer.

The free-energy change in the equilibration of ethyl C h a r t  Icis- and frans-3-i-butylcyclobutanecarboxylate has E q u i l i b r a t i o n  o f  P l a n a r  a n d  N o n p l a n a r

been previously reported.1 The cis isomer predom- 3 -1 -B u t y l c y c l o b u t y l  D e r i v a t i v e s

inates at equilibrium in support of the idea that the ring /
is puckered leading to the groups being placed in i-Bu x
equatorial positions similar to those in cyclohexane /
(Chart I, X  = C 02Et). The trans isomer, on the X
other hand, would have an equatorial ¿-butyl and an frans-puckered /
axial carbethoxyl group provided that the ring is axiaj x  __  ̂ f-Bu X
puckered to the same extent as in the cis isomer (Chart "
I, X  = C 02Et). The argument commonly used in r - B u __I .
conformational studies in cyclohexane would indicate aspuc ere
that the enthalpy of the trans isomer would be higher X equatorial X
than that of the cis one due to a 1,3 interaction. How­
ever, it is possible that this interaction may be great irons-planar
enough to result in a planar ring (Chart I, X  =  C 02Et). x  = c ° 2Et, OH
Either way, the trans isomer should have the higher
enthalpy since the puckered form would have a greater 3-isopropylcyclobutyl alcohols and amines,3 methyl
1,3 interaction, increased angle strain, and better 3-isopropylcyclobutanecarboxylate,4 2,2,4,4-tetrameth-
torsional angles, while the planar form would have a ylcyclobutane-1,3-dinitrile,5 1,3-dibromocyclobutane,6
reduced 1,3 interaction, decreased angle strain, and and 1,3-cyclobutanedicarboxylic acid7 all have been
poorer torsional angles. The actual structure for the shewn to be puckered, and calculations on 1,3-di-trans isomer may be somewhere between the extremes.1 methylcyclobutane indicate that this should be ex-

Experimental evidence supports conformations of pected.8 On the other hand, conformations of the
rings varying between significantly puckered to planar T T , T1 , ,,

J. 1 . . . .  1 1 1 J 1 „  f  , ,  (3) I .  L il l ie n  a n d  R . A . D o u g h ty , J. Amer. Chem. Soc., 89, 155 (1967).
O n e s  for substituted cyclobutanes. lo r  example, the (4 ) I .  L il l ie n  and  R . a . D o u g h ty , Tetrahedron, 23, 3321 (1967).

cis isomers of methyl 3-methylcyclobutaneCarboxylate,2 (5) F - Lau te n sch la e g e r a n d  G. F. W rig h t,  Can. J. Chem., 41, 863 (1 9 6 3 ).
(6) K .  B .  W ib e rg  a nd  G. M .  L a m p m a n , J. Amer. Chem. Soc., 88, 4429 

(1966).
(1) G. M . L a m p m a n , K .  E. A p t,  E. J. M a r t in ,  a nd  L .  E. W angen, J. Org. (7) E. A d a m  a nd  T .  N. M a rg u lis ,  J. Phys. Chem., 73, 1480 (1969).

Chem., 32, 3950 (1967). (8) N . L .  A ll in g e r,  J. A . H irs c h , M .  A . M il le r ,  I .  J . T y m in s k i,  a n d  F . A .
(2) N. L. A ll in g e r  a n d  L .  A .  Tush aua , ibid., 30, 1945 (1965). V a n -C a tle d g e , J. Amer. Chem. Soc., 90, 1199 (1968).
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t r a n s  isomers of the above compounds vary from planar (6) by means of ruthenium tetroxide. Lithium alu- 
or nearly planar for methyl 3-isopropylcylcobutane- minum hydride reduction of the ketone 6 gave a mix-
carboxylate4'9 and 1,3-cyclobutanedicarboxylic acid10 ture composed of 91%  c i s  alcohol 5. If one assumes a
to significantly puckered 2,2,4,4-tetram ethylcyclo- planar ring as in the case of cyclobutanone itself,18 it
butane-1,3-dinitrile5 and 1,3-dibromocyclobutane.6 seems reasonable that steric approach control may
Solid-state forces play an important role in determining operate to give predominately the c i s  isomer,
the structure of frans-1,3-cyclobutanedicarboxylic acid The ethyl c i s -  and frans-3-f-butylcyclobutanecarbox-
since when alone in the crystal the ring is planar,10 ylates were equilibrated at five different temperatures
while the diacid is puckered in the sodium salt, N a2C4H 6- from 80 to 151° with sodium ethoxide in absolute
(C 0 2~) 2 ■ 2C4H 6 (C 0 2H) 2.11 Thus, it is not known alcohol in sealed ampoules. Each  isomer and a mix-
whether the diacid would be puckered or planar in ture were equilibrated at 80 and 151° and only a mix-
solution. ture for the other temperatures. Previously, the time

In this paper, the ethyl c i s -  and frans-3-f-butylcyclo- found adequate for complete equilibration was 450 h r1
butanecarboxylates synthesized previously1 have been at 80°, and as seen in Table I this has been exceeded by
equilibrated at different temperatures in order to more than a factor of 2. In addition, tubes were
obtain AH and AS. In addition, the synthesis and removed from the bath at two different times. The
equilibration of the cfs-and frans-3-f-butylcyclobutanols equilibrium constants, recorded in Table I, are the
(Chart I, X  =  OH) at different temperatures is re- averages obtained from 9 to 18 chromatograms and
ported. An independent report of the synthesis of the indicate that the c i s  isomer predominates at all tern-
alcohol appeared while this work was in progress,12 but peratures.
no equilibrium'studies were made. A comparison of
the thermodynamic parameters for the two equilibra- T a b l e  I
tions would be of interest in order to help clarify the ABLE
conformation situation indicated in Chart I. Although E q u i l i b r i u m  C o n s t a n t s  a s  a  F u n c t i o n  o f  T e m p e r a t u r e  

the conformational situation in cyclobutane is not Compound Temp, "C Time, hr K  -  n s /tra n s

completely analogous to cyclohexane, there are some Ethyl 3-i-butylcyclo- 80.1 ± 0 - 1  ^ 2 ,1 2 6 9  2.33 ±  0 . 1 1

similarities, and the enthalpies and entropies of the no a +  n i n V  1 9 «r 9 1 9  +  0 0 9, ,, , , ,  , , , , (X  = C 02E t in 110.3 ±  0 .5  1139, 1288 2.12 ±  0.02
carbethoxyl13 and hydroxyl14 groups in cyclohexane Chart I} 134.8 ±  0 . 9  1139,1288 1 . 9 7  ±  0.05
have recently been reported. 150.8 ±  0 . 7  1139 1.92 ± 0 .0 4

The 3-Cbutylcyclobutanols were synthesized starting
from a mixture of c i s -  and frans-3-f-butylcyclobutane- 3-4-Butylcyclo- 100.1 ±  0 .3  165, 207, 355 4.77 ± 0 .0 7
carboxylic acids ( l ) . 1 The acid 1 was converted to the butanol (X  = OH 137.4 ±  0 .3  184,208 3.91 ±  0.07
acid chloride 2 and then to methyl 3-i-butylcyclobutyl in Chart I} 154.2 ±  1.2 138, 184, 208 3.64 ±  0.07
ketone (3) with dimethylcadmium. The ketone 3 was
converted to 3-f-butylcyclobutyl acetate (4) with The equilibrium constants for 3-f-butylcyclobutanol 
perbenzoic acid. The acetate 4 was hydrolyzed to give shown in Table I were obtained at the temperatures
3-f-butylcyclobutanol (5) which was separated into the indicated by reaction of 3-f-butylcyclobutanone with
c i s  and t r a n s  isomers.15 Peak one, the largest com- aluminum isopropoxide in isopropyl alcohol. The
ponent in a chromatogram of the alcohols, corresponded ketone was shown by gas chromatography to reduce
to the cfs isomer as was found with the esters.1 T hecfs rather quickly, followed by the equilibration of the
acid 1 predominated in the starting material and by resulting alcohols. As a check, mixtures rich in the
about the same amount found in the alcohols. The c i s  and t r a n s  alcohols were each equilibrated at 100 and
nuclear magnetic resonance (nmr) spectra of the alcohols 154°, and the same equilibrium constants were found as
are consistent with the generalization found in cyclo- those given in the table (well within experimental error).
hexane16,17 that an equatorial proton is less shielded Tubes were removed from the bath at two or three
than the corresponding axial one. The axial proton different times in order to ensure that equilibrium had
next to hydroxyl appears at r  6.0 in the c i s  isomer while been attained. Seven to ten chromatograms were
the resonance for the equatorial proton is at r  5.7 in the analyzed to obtain the constants given in Table I.
t r a n s  isomer. A similar relationship was observed in the Again, the c i s  isomer predominates at all temperatures
ethyl 3-f-butylcyclobutanecarboxylates1 and in the as with the esters. Raney nickel19,20 has been used for
3-isopropylcyclobutanols.3 While the t r a n s  alcohol is equilibrating alcohols in the cyclohexane series. Al-
probably not so puckered as the c i s  alcohol, the qualita- though the method is somewhat more convenient,
tive argument would probably still hold. particularly in solvents other than alcohol,20 the

The alcohol 5 was oxidized to 3-f-butylcyclobutanone cyclobutane ring may undergo cleavage at higher
t t „ „t „„ temperatures. Thus, the method was not employed.(9) I. Lilhen, J .  Org. Chem ., 32, 4152 (1967). T

(10) T. N. Margulis and M. S. Fischer, J .  A m er. Chem . Soc,, 89, 223 ^  &RY CESGj the RlUminUIXl lSOprOpOXluG Rnd. ixEIlGy
(1.967). nickel methods give similar results for the conforma-

¡15! I SSzi ZZSZZtSZZTJSS«. **«... “ « w of «• Mb*»i *w«p «* w f
P a ris , S er. c ,  2 6 6 ,9 2 7  (1968); p. von r . Schieyer, p. Le Perchec, and d . j . h exan e  rin g .20 S in ce th e  p resen ce  of a lu m in u m  alk -
Raber, T etrahedron  Lett., 4389 (1969). oxid e does n o t ch an g e  th e  p osition  of th e  equilibrium ,

(13) E. L, Eliel and M. C. Reese, J .  A m er. C hem . S oc ., 90, 1560 (1968). i t  i ,v , i j  • i r  l w l
(14) E. L. Eliel, D. g . Neiison, and e . c. Gilbert, chem. Commun., 360 presumably both methods involve the free alcohol, or

(1968); E. L. Eliel and E. C. Gilbert, J .  A m er. Chem . S oc ., 91, 5487 (1969).
(15) Professor Y. E. Rhodes has independently prepared the alcohols by a (18) A. Bauder, F. Tank, and S. H. Gtlnthard, H elv. C him . A cta , 66, 1453

similar procedure, private communication. (1963).
(16) R. U. Lemieux, R. K. Kullnig, H. J. Bernstein, and W. G. Schneider, (19) G. Chiurdoglu and W. Masschelein, B u ll. Soc. C him . Beiges, 70, 767

J .  A m er. Chem . S oc., 80, 6098 (1958). (1961).
(17) E. L. Eliel and M. H. Gianni, T etrahedron  L ett., 97 (1962). (20) E. L. Eliel and 3. H. Schroeter, J .  A m er. Chem . S oc., 87, 5031 (1965).
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T a b l e  II
T h e r m o d y n a m i c  P a r a m e t e r s  f o r  E q u i l i b r a t i o n  o f  C y c l o b u t y l  a n d  C y c l o h e x y l  E s t e r s  a n d  A l c o h o l s

Compound AH , kcal/mol AS, cal/(deg mol) Affioo, kcal/mol
Ethyl 3-i-butylcyelobutane- — 0 .8  ±  0 .2  — 0 .7  ±  0 .5  —0.58 ± 0 .0 2

carboxylate (trans —► cis; 
axial —*■ equatorial in Chart I)

3- i-Butylcyclobutanol —1.6 ±  0 .2  —1.1 ±  3 .5  —1.15 ± 0 .0 1
(trans —► cis; axial —*• equa­
torial in Chart I)

Ethyl 4-i-butyl cyclohexane- — 1.09“ + 0 .4 “
carboxylate (axial —► 
equatorial)

4- i-Butylcyclohexanol —1.09* — 0.46*
(axial —*■ equatorial)

» Reference 13. 6 Reference 14.

nearly so, at least in the cyclohexane ring. This may carbethoxyl18-21'22 and carbomethoxyl23'24 group has 
also be the situation in the present work. the higher entropy in both the 3- and 4-i-butylcyclo-

Log K  was plotted against l / T  resulting in excellent hexanecarboxylates. This result, inconsistent with a
visual fits to straight lines in both cases. From the solvation argument, is explained on the basis of the
slopes of the lines, the enthalpies were obtained (slope axial group being subjected to greater rotational re-
= — A H / 2 . 3 R ) ,  and this together with the equations strictions (lower entropy) than the equatorial group
AG  = AH  — T  A S  and AG  = — R T  In K  gave the which can occupy a larger number of populated rota-
entropies and free energies. The thermodynamic tional conformations (higher entropy). The entropy
parameters obtained for the cyclobutyl esters and change (a -► e) recorded in Table II  for carbethoxyl is
alcohols are shown in Table II  together with comparison therefore found to be positive in contrast to compounds
data for the corresponding cyclohexanes. The error with groups such as hydroxyl14 and carboxyl13 where
limits for the cyclobutyl compounds given in Table I I  the change (a -► e) is negative.
were calculated in the following manner.13 The It seems unlikely that the negative entropy change 
equilibrium constants at the higher temperatures were observed in the cyclobutyl esters would be caused by a
increased and the ones at the lower temperatures solvation effect as apparently this is unimportant for
decreased by the amounts of the standard deviations esters in the cyclohexane ring.13 Thus, it may appear
given in Table I. After a line was drawn through the that the carbethoxyl group in the t r a n s  isomer actually
new points, A H  was recalculated. The procedure has more rotational freedom (higher entropy) than one
was repeated so that the constants at the higher would predict on the basis of the cyclohexane analogy,
temperatures were now lowered, the values at the in comparison with the c i s  isomer (lower entropy),
lower temperatures were increased by the standard Perhaps, one of the methyls on the ¿-butyl group
deviations, and the value of A H  was calculated. The extends over the ring to some extent and thereby
new values of A H  were used to set the error limits. restricts the rotation of the carbethoxyl group in the
Thus, it is felt that the values given represent the c i s  isomer relative to the situation in the t r a n s  one.
extreme confidence limits of the thermodynamic However, any large measure of interaction of the ¿-butyl
parameters calculated in this study. group with the functional group would tend to increase

As expected, the enthalpies in each of the equilbra- the enthalpy of the c i s  isomer and reduce its concentra­
tions of the cyclobutyl compounds were negative in tion at equilibrium.
keeping with the explanation given above and the The most reasonable explanation might be in the 
situation in Chart I where the c i s  isomer is favored flexibility of the cyclobutane ring itself. I t  is known
enthalpically. Before discussing the difference in that the difference in energy between a puckered and
magnitude between the enthalpies of the alcohols and planar cyclobutane ring25 is small. Thus, at the tem-
esters, note should be made of the signs and magnitude peratures used in the equilibrations, the t r a n s  isomer
of the entropy values. In both cases the t r a n s  isomers might be undergoing continuous conformational change
are favored entropically. This result might be ex- (higher entropy) leading to a number of conformers
pected in the case of the alcohols since it has been with nearly equal energies. On the other hand, the c i s

shown that the more accessible equatorial hydroxyl in a isomer might be expected to be more rigid (lower
cyclohexane ring is solvated more strongly than the entropy) since moving toward a planar ring would
hindered axial group.14 Using this analogy, it seems create an increased interaction between the ¿-butyl and
reasonable that the hydroxyl in the c i s  cyclobutyl carbethoxyl, and more puckering would increase angle
alcohol would be more strongly solvated (lower entropy) strain. Part of the entropy change observed with the
than the t r a n s  alcohol (higher entropy) in either of the alcohols could also be due to greater flexibility of the
extreme puckered or planar conformations in Chart I. t r a n s  isomer as compared with the c i s  one, although
Therefore, a negative entropy change ( t r a n s  -*■ c i s ) is 
observed as is found in the cyclohexane ring (a -*•  e) as

• • rp -i i t t  (21) R. J. Ouellette and G. E. Booth, J .  Org. Chem ., 31, 587 (1966).
given  HI Aacne 11. _ (22) N. L. AlUnger and L. A. Freiberg, ib id ., 31, 894 (1966).

In explaining the negative entropy change for the (23) B. J. Armitage, G. W. Kenner, and M. J. T. Robinson, Tetrahedron,
esters, it would again be of interest to look at data 747 (1964).

m i i tt r ,1 i xi i * (24) M. Tichy and J. Sicher. Collect. Czech. Chem . C om m un., 33, 68 (1968).
given m Table II  for the carbethoxyl group m the (26) G w RathjenS( Jr., n . k . Freeman, w. d . Gwinn, and k . s. 
cyclohexane ring. The isomer with the equatorial Pitzer, j .  A m er. Chem . s o c ., 7 5 , 5634 (1953).
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solvation effects are p robably  m ore im p ortan t as sodium bicarbonate, and 20 ml of saturated salt solution. The 
discussed Dreviouslv benzene was flask distilled after drying over anhydrous sodium

j-a , • ., j  j. ,, sulfate. 27 The residue was distilled to give 9.2 g (65% based on
R etu rn in g  to  th e  difference in  m agnitude of th e  the acid chloride) of cis. and ¿r„ 6ethyi 3-i butylcyclobutyl

enthalpy changes in  the alcohols and esters, i t  is seen m  ketone: bp 85-87° (16 mm); nmr (CC1,) r 7.1 (m, 1, CHCO),
Table II that the c i s  cyclobutyl alcohol is favored 7.94 and 7.98 (s, 3, COCH3), 8.08 (m, 5, ring), 9.15 and 9.20
enthalpically (A H  =  - 1 .6 )  to a greater extent than the Is- 9> C(CH3)3] . Analysis by gas chromatography (1 2 -ft 35%
c is  ester (A H  =  - 0 .8 ) .  In  the cyclohexane ring, a gl^co1 SUCci? at;e on+4 5 - 6 0 fc h ~ “ b W column at
, i i pp j. xi xi i i 100 at 30 psi) gave retention times of 28 and 31 mm for the cis
large solvent effect on the enthalpy change has been and trans isomers, respectively. The order of elution and the 
observed for the hydroxyl group probably because of composition was the same as previously found.1 Anal. Calcd
the added stability given to the equatorial isomer due to forCi0Hi8O: C, 77.9; H, 11.8. Found: C, 77.9; H, 1 2 .0 .
hydrogen bonding.14'20 For example, A H  can vary , 3-f-Butylcyclobutyl Acetate (4).—To 290 ml of 0.38 M  per- 
c n o o i  ir>n j-u 1 , • , j j - benzoic acid (15.2 g, 0.11 mol) m chloroform28 contained in a
from - 0 .6 2  to - 1 .0 9  as the solvent is changed from 500. ml flask ^  a|ded 9 .2  g ¿ . 060 moi) of 3 . The flask was
cyclohexane to  isopropyl alcohol, th e  la tte r  value being wrapped to exclude light and allowed to stand at room tempera-
essentially  th e  sam e as th a t found for th e  carb eth oxy l ture for 48 hr. At this time, 0.063 mol of perbenzoic acid had
group 13' 21 ' 22 (T a b le  I I ) .  I t  is possible th a t  a  m uch been consumed as determined iodimetrically. 28 The remaining
greater solvent effect is being observed in the present Perbf  z° ic acid wan decomposed with an excess of sodium iodide

xl . xi 1 1  • tt -i dissolved in water, followed by addition of a solution of sodium
case than seen m the cyclohexane ring. However, it thiosulfate until colorless. The chloroform layer was then ex-
appears somewhat more likely that the larger carb- tracted with aqueous sodium carbonate to remove benzoic acid
ethoxyl group may be closer to the f-butyl group than and dried over magnesium sulfate, and the chloroform was dis-
the hydroxyl in the c i s  isomers. Thus, the effect t i l l e d -29 The residue was distilled to give 7.2 g (71%) of cis- and
m ish t be to  decrease th e  en th aln v  difference betw een ¿mns-3-bbutylcyclobutyl acetate: bp 101-105° (30 mm); nmr
, g .  De 1 0  aecrease  en tnaip y  am erence Detween (CC1() t 5  ,  (m> 1( CHo a c), 7 . 8  and 8 .3  (m, 5 , ring), 8.0 0  and

th e  a s  and t r a n s  esters below  th a t  of th e  alcohols. 8 .03  (s, 3 , C0CH3), 9.13 and 9.17 [s, 9, C(CH3)3] . Analysis by
I t  seem s reasonable to  assum e th a t  th e  therm ody- gas chromatography under the conditions above gave retention

nam ic p aram eters A H , A S , and AG, for o th er 3 -f-bu ty l- times of 25 and 27 min for the cis and trans isomers, respectively,
cyclobu ty l derivatives (t r a n s  —► c i s ) m ay also be  nega- composition was about the same as the original ketone mix-

ml ., , , , . . . .  ,, ture. Anal. Calcd for CioHiaCh: C, 70.6; H, 10.7. Found:
tive. ih u s , i t  would be of in te rest to  in v estig ate  o th er c  70 6 - H 10 8

groups such as the carboxyl and acetyl and to investi- 3-f-Butylcyclobutanol (5).—To 3.2 g (0.057 mol) of potassium 
gate hydroxyl in other solvents. hydroxide dissolved in 29 ml of methanol was added 7.2 g (0.0424

mol) of 4. The resulting solution was heated under reflux for 3 
hr. The cooled solution was diluted with 60 ml of water and 

Experimental Section extracted four times with 30-ml portions of ether. The combined
extracts were dried over magnesium sulfate and the ether was

3-f-Butylcyclobutanecarbonyl Chloride (2 ). A mixture of 15.0 removed by distillation. The residue was distilled to give 4.05 g 
g (0.096 mol) of 3-f-butyleyclobutanecarboxylic acid1 (1) and (75%) of cis- and frcms-3-f-butylcyclobutanol, bp 99-100° (19
2 1 . 2  g (0.179 mol) of freshly distilled thionyl chloride was mm). A sample was purified by gas chromatography. Anal.
allowed to stand at room temperature for 0.5 hr and then was Calcd for C8HI60 :  C, 74.9; H, 12.6. Found: C, 74.6; H,
heated at reflux for an additional 1.5 hr. The excess thionyl 12.5. The product was analyzed by gas chromatography and
chloride was removed under reduced pressure, and the residue indicated a composition of 70% cis and 30%. trans. The retention
was distilled to give 16.0 g (96%) of cis- and fraras-3-butylcyclo- times on a 20-ft 30% SE-30 on 45-60 Chromosorb W column at
butanecarbonyl chloride, bp 86-87 (15 mm). 100° aX 200 ml/min were 33 and 37 min and on a 11-ft 30%

Methyl 3-f-Butylcyclobutyl Ketone (3). A 250-ml three- dioctyl phthalate on 45-60 Chromosorb W column at 130° at 
necked flask containing 60 ml of anhydrous ether was fitted with 30  pgj were 39  and 4 2  min for the cis and trans isomers, respec-
an inlet tube dipping below the surface of the ether and an outlet tively: nmr cis (CCl,) T 6.0 (m, 1, CHOH), 5.9 (s, 1, OH),
protected with a drying tube. The ether was cooled in an ice- 7 -8 8  (mj 2 , CH2), 8.40 (m, 3, CH2, CH), 9.17 (s, 9, C(CH3)3);
salt bath and weighed, and methyl bromide from a gas cylinder trans (CC1() T 5 . 7  (m> x> CHOH), 6.2 (s, 1, OH), 7.90 (m, 5,
was added through the inlet tube until the gain in weight was ring), 9 15 [s 9 C(CH3)3].
11.4 g (0.12 mol). Into a 1-1. three-necked flask, equipped with 3 -f-Butylcyclobutanone (6 ).—Sodium periodate (4.2 g, 0.020 
a stirrer, reflux condenser, and an addition funnel with a tube mol) and 0 . 0 1 1  g of ruthenium trichloride hydrate were dissolved 
extending to the bottom of the flask, were placed 2.8 g (0.115 ¿n 3 9  mX 0f Water ancj aflded to 1.32 g (0.0103 mol) of 5 in 5 ml
g-atom) of magnesium turnings, 40 ml of anhydrous ether, and of carbon tetrachloride. The resulting mixture was stirred
a crystal of iodine. The cold solution of methyl bromide was vigorously with a magnetic stirrer for 24 hr . 30 The layers were
transferred to the addition funnel and added with stirring over separated, and the aqueous layer was extracted with two 15-ml
a 25-min period during which time the mixture refluxed spon- portions of chloroform. The combined organic layers were dried
taneously. The magnesium had completely reacted after a over magnesium sulfate, and the solvent was removed by distilla-
total of 30 min.26 The flask was then cooled, and 11.3 g (0.061 lation. The residue was distilled to give 0.90 g (6 8 % ) of 3-f-
m°l) of cadmium chloride (dried to constant weight at 110°) was butylcyclobutanone: bp 85° (20 mm); nmr (CCl,) r 7.2 (m, 4,
added over a period of 7 mm. The ice bath was removed and CH2), 7 . 7  (m> Xj CH), and 9.06 [s, 9, C(CH3)3] . Analysis by
the mixture was stirred for 15 mm and then heated under reflux gag chromatography on the above columns indicated one com-
with stirring for an additional hour. Ether (50 ml) was distilled p0nent. The ir spectrum showed the typical cyclobutanone
until a viscous residue remained. Dry benzene (80 ml) was added carbonyl stretch at 5.6 M. Anal. Calcd for CsH „0 : C, 76.1;
and the distillation continued until an additional 50 ml of distil- j j  11,2. Found: C 76.2' H 11.1.
late was obtained. Dry benzene (100 ml) was again added and ’ Reduction of 3-f-Butylcyclobutanone with Lithium Aluminum
the mixture refluxed with stirring for 15 min. The heating bath Hydride.—To 0.187 g (4.92 mmol) of lithium aluminum hydride
was removed and 16.0 g (0.092 mol) of 2 dissolved in 30 ml of dissolved in 4 ml of anhydrous ether in a 50-ml flask was added
dry benzene was added dropwise over a 5-min period with stirring. 9 . 4 5  g ( 3 _60  mm3i) 0f 6 dissolved in 4 ml of ether over a 10-min
After the addition of the acid chloride was completed and spon- period, with magnetic stirring. The mixture was then allowed
taneous refluxing had stopped, the mixture was stirred and heated to redux for 30 min. To the cooled mixture was added 3.5 ml of
under reflux for an additional hr. To the cooled mixture was 3 9  wt c/c aqueous potassium sodium tartrate until the gray solid
added 100 ml of ice water followed by sufficient 20% sulfuric acid wag replaced by a white solid and an aqueous layer. The layers 
to give two phases. The aqueous phase was separated and ex- 
extracted with 25 ml of benzene. The combined organic layers
were washed successively with 40 ml of water, 40 ml of dilute J - Cason and F. S. Prout, ref 26, Coll. Vol. Ill, 1955, p 601.
------------------- (28) G. Braun, ref 26, Coll. Vol. I, 1941, p 431.

(26) J. Colonge and R. Marey, ‘ Organic Syntheses,” Coll. Vol IV, (29) S. L. Friess and R. Pinson, Jr., J .  A m er. Chem . Soc., 74, 1302 (1952).
John Wiley & Sons, Inc., New York, N. Y., 1963, p 601. (30) J. A. Caputo and R. Fuchs, T etrahedron  Lett., 4729 (1967).
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were separated, and the aqueous layer was extracted twice with butylcyclobutanol, rich in either the cis or trans isomer, 0.31 g
4-ml portions of ether. The combined extracts were dried over of ketone 6 , and 1.65 ml of 0.6 AT aluminum isopropoxide—
magnesium sulfate, and the ether was distilled to give 0.38 g isopropyl alcohol was prepared and equilibrated as above. At
(85%) of 3-f-butylcyclobutanol as a residue that was not further 100°, the initial cis and trans rich mixtures gave equilibrium
purified. This residue was analyzed by gas chromatography on constants of 4.83 ±  0.14 and 4.75 ±  0.13, respectively. At 154°,
the 20-ft SE-30 column which indicated a composition of 91% the initial trans rich mixture gave an equilibrium constant of
cis and 9%  trans. No other components were observed. 3.62 ±  0.07.

Equilibration of 3-i-Butylcyclobutanol. A 0.6 M  solution of Equilibration of Ethyl 3-f-Butylcyclobutanecarboxylate.—The 
aluminum isopropoxide in isopropyl alcohol was prepared by procedure used to equilibrate the esters was described pre­
refluxing 3.28 g of al uminum and 0.16 g of mercuric chloride in viously.1 Sealed ampoules were immersed in the baths described
200 ml of isopropyl alcohol (reagent grade, heated at reflux over above at the temperatures indicated in Table I and removed at 
calcium oxide for 7 hr) for 8 hr .31 There was a small amount of the times given. The ampoules were cooled in ice water, opened,
black precipitate formed that was removed by centrifuging and and worked up as before.1 The concentrate was analyzed by gas
decanting the clear solution. Enough solution for 5 ampoules chromatography on the 20-ft 30% column used above. The
was obtained by dissolving 0.125 g of 3-f-butylcyclobutanone (6 ) retention times on this column at. 130° and 200-ml/min pressure
in 1.65 ml of the above solution, yielding a solution approxi- were 51 and 56 min for the cis and trans esters, respectively,
mately 0.6 M  in each reactant. The solutions were distributed The equilibrium constants were obtained by the method above,
into test tubes, flushed with dry nitrogen, sealed, and immersed and the averages of from 9 to 18 chromatograms are given in
in baths at the temperatures indicated in Table I . The baths Tab.e I. A 50:50 mixture was used to obtain the constants at
consisted of various liquids in flasks which were brought to reflux 100, 110, and 135°. As a check on the use of this mixture, pure
and maintained at their boiling points. The temperatures were cis and trans isomers were each independently equilibrated at
found to remain cons, ant.within the limits given in Table I and 80 and 151°. The equilibrium values thus obtained from both
were corrected with a National Bureau of Standards thermometer. sides were identical and have been included in the averages in
The ampoules were removed at the times indicated in Table I , Table I . Tubes were removed at several times and the composi-
cooled in ice water, and opened immediately. To the contents tions were found to be identical. No correction factor was
was added 1 ml of 6  N  HC1, and this solution was then extracted necessary for calculation of the equilibrium constants, as shown
with two 1-ml portions of ether. After removal of the ether, the by gas chromatogaphic analysis of a known mixture prepared from
residue was analyzed by gas chromatography on the 20-ft 30% weighed samples of the pure esters.
SE-30 column used above for separation of the alcohols. The
equilibrium constants were calculated from the ratio of the peak Registry No.'— c is -1 ethyl ester, 14924-51-7  ; tr a n s -1 
areas obtained by the height times half band width method. ethyl ester, 14924-52-8 ; c is -2 , 2 4 1 6 5 -5 2 -4 ' tran s-2,
Each value in Table I is the average of seven to ten chrcmato- 24165-53-5 - ri<t 3  2 4 1 9 9  0 0 6 - t r n r 9 4 1 9 9  1 0  0 -
grams from at least two different tubes. Analysis of a mixture J ™ f 4 1 2 - 10'9 ’
of known composition indicated that repsonse corrections were CIS-4, ¿4 1 2 2 -1 2 -1 , tvans-^j 24122-13-2 ) c is -5, 20588 -76 - 
unnecessary. 5 ;  tran s-5, 20476 -25 -9 ; 6 , 20614-90-8 .

As a check on the use of the ketone 6  for obtaining the equilib- ,
rium constants, mixtures rich in the cis and trans alcohols 5  were Acknowledgment.— This work was supported by a
each equilibrated separately. A solution of 0.125 g of 3-t- grant from the Petroleum Research Fund administered

(3i) w. g. Young, w. h . Hartung, and F. s. Crossiey, j . A m er c h em . the American Chemical Society. Grateful acknowl-
Soc., 58, loo (1936). edgment is hereby made to the donors of this fund.
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Benzoncrbornenyl-l-carbinyl tosylate (1 ) is investigated as a possible model for a non-ir-participatory neophyl 
system. Its solvolysis compared with that of the nonbenzo analog 9  is retarded 4 7 -fold in acetic acid at 133° 
and 14-fold in 80% acetone at 25°. No evidence for anchimeric assistance by the aromatic ring was found.
Under the vigorous conditions of refluxing hydrobromic acid containing zinc bromide, benzonorbornenyl-1- 
carbmol (8 ) still failed to allow aromatic migration, although both methano and ethano bridge-migrated prod­
ucts were detected. Benzonorbornenyl-l-earbinyl radical, produced by radical-promoted decarbonylation of 
the aldehyde 2 2 , did not rearrange. The absence of rearrangement illustrates the necessity of twist in the aro­
matic ring during rearrangement. From benzonorbornene-l-carboxylic acid (2 ) synthetic prodedures to a 
number of the title compounds are described.

Recently our interest in benzonorbornene chemistry tives. Incidental to this work was the synthesis of a
coincided with other interests in homoallylic x-electron number of heretofore unknown bridgehead-substituted
systems4 and ring-size effects in the neophyl rearrange- benzonorbornenes.6 
ments.5 All three of these interests led to the present
in v estig atio n  of te n z o n o rb o rn e n y l-l-ca rb in y l d e riv a - (6) Of the known synthetic routes to benzonorbornene and derivatives

n\ ttt t xxr wix „ which follow, we felt only or.e6c could be developed for bridgehead substitu-
Ì Wilt and P. Chenier,/.Org. C W , 35, 1571 (1970). tion: (a) G. Wittig and E Knauss, Chem . B er ., 91, 895 (1958); (b) J.

tofo o dissertations of C. A. S„ 1964, and H. F. D„ Jr„ Meinwald and G. A. Wiley, J .  Arne-. Chem. S ac.. 80, 3667 (1958); (c) K.
' s ’ * TheS1S ,0f, J ' P’ B" 1966' MacKenzie, J .  Chem. Soc., 43 (1960); (d) P. D. Bartlett and W. P. Giddings,

(3) Some of the material has appeared in preliminary form: J. W. Wilt J .  A m er. Chem . S oc.. 82, 1240 (I960); (e) H. Rakoff and B. H. Miles, J .
and C A. Schneider Chem. In d . (London), 951 (1963); J. W. Wilt, C. A. Org. Chem ., 26, 2581 (1961); (f) A. F. Plate and N. A. Belikova, Zh. Obshch.
(19661 6r’ J ' P’ BCTllner' and H' F ' Dabek' Jr- Tetrahedron L ett., 4073 K h im ., 30, 3945 (1960) ; (g) A. F. Plate, N. A. Belikova, and S. Y. Kiri-
' , , ,  ,  w  chenko, N eftekh im iya . 1, 494 (1961); Chem. Abstr.. 57, 58166 (1962) ; (h)

' ! 3,', ' Wllt-C. F Parsons, C. A. Schneider, D. G. Schultenover, and K. Alder and M. Fremery, Tetrahedron, 14, 1960 (1961); (i) P. Brack,
' ( T w“ w -h ? r",' Ct Cm" 33’ 694 (1988)' Tetrahedron  Lett., 449 (1962); (j) H. Tanida, A ccounts Chem . R es., 1, 239(5) J. W. Wilt, L. L. Maravetz, and J. F. Zawadzki, ib id ., 81, 3018 (1966). (1968). See also ref 1.
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Synthesis and Solvolysis of Benzonorbomenyl-1- Tosylate 1 was then made by the usual method v ia  
carbinyl Tosylate (1 ).—Tosylate 1 has its aromatic the carbinol 8. The solvolysis rate data for 1 and
ring so positioned that x  participation at the carbinyl other selected tosylates are gathered in Table I. In
site should be precluded geometrically. The rigid acetic acid 1 is somewhat slower than neopentyl tosylate
nature of the bicyclic system simply prevents the twist or 9 and much slower than neophyl tosylate. As
required of the aromatic ring to achieve the phenonium this last is generally considered a model for x-assisted
ion geometry of the transition state. I t  therefore acetolysis,10 it appears that x  participation in 1 has

been precluded. However, a  participation (principally 
A /  by the e th a n o  bridge) is unfortunately still possible;

- ots~ so ft is difficult to ascribe a value for the —I effect of
V *  + v the aromatic ring on the c o m p le t e ly  u n a s s is t e d  process.

V _ /  CH2OTs \ uJ " " C t k  In any event, based on neopentyl tosylate and 9, the
j a aromatic ring reduced reactivity 12- and 47-fold at

133°. Based on neophyl tosylate, reactivity was re- 
duced 800-fold at this temperature.

T able I

seemed worthwhile to measure the effect of the aromatic „ ab Solvolthc R ate D ata

ring in th e  solvolysis ol th is constrained  neophyl-iike 1 3 2  0 l  18 ±  0 04
tosylate. I t  is well recognized that the aromatic ring • 139 0 2  07 ±  0  13
retards solvolysis by induction ( —I effect), but the real 156.0 6 . 6 6  ±  0.14
magnitude of the effect is normally masked by the '— ' CH=0Ts 25 (8.0 x  10-1»)«
accelerating influence of the aromatic ring v ia  x  partici- ,
pation.7 The calculated value of c a . eightfold given by
Streitwieser8 is commonly used for this effect, but little 11 ci— 139 0 ~ 0 .3
direct experimental evidence is available.9 / —\  CH-0Ts

Benzonorbornene-l-carboxylic acid (2) was syn- C1 C1 109.0 2 . 2 4  ±  0 . 1 0

thesized from norbornene-l-carboxylic acid4 v ia  the a 12q o 6  30 ±  0 19
sequence shown below in Chart I. The sequence was 9 / Y k  ! 3 0 .o 14.0 ±  0.04
modeled after that of Mackenzie.60 25 (1.1 x  10-9)«CR/jTs 

Tosylate®,0
Chart I  110.0 0.102 ±  0.01

a 1* 131.0 0.553 ±  0.04
A  Ck  Cl 154.0 5.57 ±  0.48

csci4(och3), J T \  h,so,
\  J A \  ---------z—*■ Y j  v A a  9  9 9 . 5  1 . 1 3  ± 0 . 1 2 *-

A’ a5% C00H 95% 133.0 27.0 ± 1 . 0
COOH Cl

3 ch3o och3 Neopentyl 133 0 6 -8" '
4 . Neophyl 133.0 470«.*

a 0 Ca. 0.03 M tosylate solutions were used, except for 1 1  which
™\. Cl was 6  X 10-3  M. 6 In 80% acetone-20% water (v/v) containing

J lA  A’ S9Sf° ,  ca. 0.033 M  sj/m-collidine. 6 ±0 .05°. d AH* = 25.8 ± 0 .2  kcal
Y T  o-C8H,C12 mol-1, AS* = —17.9 ±  0.2 eu. e Extrapolated from data at
/ COOH other temperatures. 7 AH* — 26.0 ±  0.3 kcal mol-1, AS* =

Cf y  Cl —12.4 ±  0.3 eu. k^° for 1, 1; 9, 14. »In  glacial acetic acid
O containing acetic anhydride (0.3%) and excess sodium acetate

c (1.5 mmol/mmol of tosylate). h AH* =  27.9 ±  0.2 kcal mol-1,
pi AS* = —13.7 ±  0.5 eu. k]3J °  for 1, 1; neopentyl-OTs, 12; 9,
I / 47; neophyl-OTs, 800. 'L it . value, 1.17 X 10-6  sec- 1  at'

Br, 99.7°: R. L. Bixler and C. Niemann, J .  Org. Chem., 23, 742
' Y  --------- ► (1958). ’ S. Winstein and H. Marshall, J .  Amer. Chem. Soc., 74,

PhC1, A 1120 (1952). k S. Winstein, B. K. Morse, E . Grunwald, K. C.
Cl Cl COOH ~ioof, Schreiber, and J .  Corse, ibid., 74, 1113 (1952).

6

Cl /  In 80%  acetone at 25° the retardation observed with
/I  1 is 14-fold relative to 9 .11 This 14-fold value compares

C \ O V v ^  RaNl , r - < y  well with the value of 16 obtained in an earlier study4
r  COOH K0H. 95* ( Q V - ' ^ v Y  in 60%  acetone for the retardation caused by a homo- 

/  \— ' COOH allylic double bond. The comparison emphasizes the
Cl 2 inductive similarity of the two x  systems, the aromatic

7
~ (10) I. L. Reich, A. Diaz, and S. Winstein, ib id ., 91, 5635, 5637 (1969).

(7) E. Kosower, "An Introduction to Physical Organic Chemistry,” (11) It seems clear that there is no one value for the - 1 effect of the aro-
John Wiley and Sons, Inc., New York, N. Y., 1968, p 125. matic ring. This effect will vary with the demand in the transition state

(8) A. Streitwieser, Jr., Chem. Rev., 56, 718 (1956). for a process, and this demand varies with conditions. So to know the
(9) Very recently the value 3.7 has been given for the 2-phenylethyl applicable value one must study the reactant in question and an appropri-

system by J. L. Coke, F. E. McFarlane, M. C. Mourning, and M. G. Jones, ate model under the same conditions. We favor 1 as a model for neophyl
J .  A m er. Chem. Soc., 91, 1154 (1969). systems, even though 1 is not itself probably free from all participation.
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ring, and the double bond. Indeed, norbornenyl-1- strated that the o le fin ic  analogs of 12-OTs and 13- 
carbinyl tosylate (10) and tosylate 1 solvolyzed at OTs differ greatly in acetolytic reactivity. The for-
comparable rates in 80%  acetone at 131°.12 This mer is very slow whereas the latter is much faster,
similarity was demonstrated also by pK a studies (see faster even than the norbornenyl compound 10. So
below). on this basis one expects 12-OTs to be the bicyclo-

In Chart II  are shown the solvolysis pathways and [2 .2 .2]octenyl derivative. Such an assignment of
products observed with 1. Acetolysis of 1 showed poor structure is also supported by spectra (see Experi-
first-order kinetics (negative drift). An inert, re- mental Section).

T h e  form ation  of th e  other products can  be form u- 
Chart I I  la ted  in term s of d iscrete cr-assisted processes ( k ^ )

Solvolysis P roduct Data and unassisted  processes (k s), as indicated  in  C h art
Acetolysis I I .  In  light of th e  recent elucidation of n assistan ce in

tv n aceto lysis of neopentyl to sy la te , 10 th is form u lation  is
probably preferrable to another view involving com- 

r— "A return / j  \  / — pl et el y unassisted ionization fo l lo w e d  by skeletal re-
/  \ \ t  ’  ( O V ^  arrangement.14 I t  should be noted, however, th at no

\ — ' 0Ts hu /  / \ \ — /  product of aromatic migration was observed, so ir
12-OTs (14%) y C  / \ assistance { k A ),  if present at all, is not detectable in

a *  /hoac a this manner.
/ kt ^ / /  hoac The change to aqueous acetone effectively removed

/ /T a  ion-pair return. Besides starting material 1, there
\V-h r —/ / \ I J  f  were found only unrearranged alcohol 8 and e t h a n o

' * K bridge-migrated product 13. No evidence for 12-
/ \  I OTs or its alcohol was found though trace amounts of

j — J % \  h o a c — " n  the latter cannot be discounted. Once more, no aroma-
\ O r ^  \ O r ^  tic migration was observed. The structure of 13 was
\ — ' CH2OAc ,, \— / OAc assigned by analogy to the formation of bicyclo [3.2.1 ]-

8-OAc (31%) 12-OAc (-2%) oct-6-en-l-ol in the earlier study of 10 under similar
s f  conditions,4 and by the proton resonance at 8 2.27,
/ ascribed to the e n d o  C-3 proton. This resonance,

\ C J also observed in 13-OAc at 6 2.20, was prominent in
'— / c the b o n a  f i d e  parent hydrocarbon 18 (8  2.25) but was
13-OAc (53%) absent in the benzonorbornenyl-l-carbinyl and benzo-

H y d ro ly s is  bicyclo [2.2.2[octenyl series of compounds prepared
[v in this work. We attribute this downfield resonance

/\ to a deshielding effect of the aromatic ring, as shown
— ' * 4’’ /  \  /— in one conformer of this ring system.

¿ A d
8  (75% ) |h2o

1 The increased preference for ethano (rather than
A . methano) bridge migration in these systems during

hydrolysis compared to acetolysis was previously 
observed and discussed.4 The significant increase in 

X%_J OH unrearranged product during hydrolysis may be the
13 (25%) result of increased unassisted solvolysis (fcs). Even

though a more ionizing solvent than acetic acid (Y  =  
arranged tosylate (12-OTs) could be separated from T ?:.7 %  - 1 - 6 16), 80%  acetone is also more nucleo-
the reaction material. Although its structure was P 1̂C because of its aqueous content. Both features
not proved by independent synthesis, and must there- ên(* mcrease overall solvolysis rates, but the latter
fore be open to question, 12-OTs is probably benzo- feature would certainly chanSe the Partitioning of the
bicyclo [2.2.2 ]octen-l-yl tosylate. I t  was not 1 and it total rate between k * and k A processes relative to ace-
is unlikely that it could be benzobicyclo[3.2.1]oct-6- tolysis‘ Unassisted (fcs) processes proceed without
en-l-yl tosylate (13-OTs). Attem pts to make the rearrangem ent;10 hence 8 predominates in the aqueous
latter from the 13 obtained in the hydrolysis study were acetone. ^
unsuccessful. The structure 13-OTs is considered Cationic Rearrangement of Benzonorbomenyl-1-
unlikely because Bly and coworkers13 have demon- carbino1 (8 ).-C a rb m o l 8 was subjected to vigorous

treatm ent in hydrobromic acid containing zinc bromide
(12) J. W. Wilt and H. F. Dabek, Jr., unpublished work.
(13) R. S. Bly and E. K. Quinn, 153rd National Meeting of the American (14) J. E. Nordländer, S. P. -Jindal, P. von R. Schleyer, R. Fort, Jr., J.

Chemical Society, Miami Beach, Fla., April 1967, Abstracts, Paper 910. J. Harper, and R. D. Nicholas, J .  A m er. Chem . S oc., 88, 4475 (1966).
We appreciate the details of this work from Professor Bly. (15) Reference 7, p 311.
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Chart I I I  for th e  analogous tran sform ations of th e  related  tosy-
8  la te s 9  and 1 0 .4

Decarbonylation of Benzonorbomenyl-1-acetaldehyde
H,o+Br_ ZnBrj, a (22).—The decarbonylation of aldehyde 22 was in­

vestigated because past work18 has shown th at geo-
74 /  | j metric restraint on the aromatic ring can decrease the

— y— ext ent  of the neophyl radical rearrangement. 
0 V W  +  ( i y y Conversion of acid 2 to its homologous acetic acid 
v " /  CH2Br Br \ N -J  Br 2  ̂ wa the A rndt-Eistert reaction followed by reduction

14 15 16 to alcohol 24 and oxidation of its tosylate produced 22.

Li i-BuOH / \

1 1 2  Arndt~) r ^ \ \ \  LiA1H«,
I  ’’ Eistert ( r y y — 94%

a a K  70% \ r_ /  ch2cooh

17 (18%) 18 '70%) 19 (12%) ( O W ^  DMSO, a 40%
v _ /  c h ,ch2o h  \z J  ch2cho

24 22
f r ~\ Treatm ent of a 1 M  solution of 22 in chlorobenzene

with di-i-butyi peroxide gave 92%  of the theoretical 
carbon monoxide and only 1-methylbenzonorbornene
(17).

" ^  x  < e > %
rearrangement

as shown in Chart III . The bromide isomers were A control study showed that the other possible hy- 
best identified as their parent hydrocarbons formed by drocarbons (18-20) were totally absent. So the car-
reduction. Again the principal rearrangement was v ia  binyl radical no more allowed aromatic migration than
ethano bridge migration (as in solvolysis) although the did the cation. Moreover, as alkyl shifts in radicals
exact product composition was time dependent. But are energetically improbable, the radical underwent
now an increased percentage of methano bridge migra- chain transfer solely to 17. Under similar conditions
tion was observed as well. Aromatic migration was less constrained neophyl-type radicals rearrange sig-
still absent (no 20 was observed). The various inter- nificantly.5
mediate ions probably involved and their intercon- Acidity Constants.—As a final demonstration of the 
versions as suggested by the solvolysis data previously inductive effect of the aromatic ring in acid 2, its pK &
discussed are also given in Chart III . The severity of along with those of other relevant acids were deter-
the conditions was apparently such that the barrier to mined. The results are collected in Table II, and
either alkyl migration was now more readily sur- they further illustrate the similar effects of the homo-
mountable but not the barrier to aromatic migration. allylically positioned vinyl and aromatic functions, c a .

Carbinol 8 was much less easily rearranged (95%  0 .4 -0 .5  pK  unit compared to the corresponding satu-
reaction a t 150° for 6.5 hr) than norbornyl-l-carbinol rated model in the systems shown. Acid 7 (with its
(21, ca . 100%  reaction at 80° for 4 h r16). Also, ethano tetrachloroaryl function) is actually somewhat stronger
bridge migration predominated in 8 whereas methano than benzoic acid in 75%  acetone, 
bridge migration did so in 21. In the rapid reaction SynthesisofVariousBridgehead-SubstitutedBenzo- 
of 21, the more acute methano bridge angle in the start- norbomenes.—To illustrate its utility as a precursor
ing material presumably is of more importance. In to the heretofore unknown 1-substituted benzonor-
the slow reaction of 8 the relative stabilities of the bornenes, acid 2 or its acid chloride was converted into
product ions determine the course of the process.17 a number of these as given in Chart IV. Experim ental
Similar but more detailed reasoning has been advanced details are available upon request, but the methods

used were based on those given under the literature
(16) W. P. Whelan, Jr., Dissertation, Columbia University, 1952, pp referen ces.

61-62.
(17) G. S. Hammond, J .  A m er. Chem. Soc., 77, 334 (1955). (18) J. W. Wilt and C. A. Schneider, J .  Org. Chem ., 26, 4196 (1961).
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T able I I  Anal. Calcd for CisHiaO^l,: C, 44.80; H, 4.01. Found: C,
A  r T T lT T V  C f l U I W i  W T’ i i  H .  3.96.

’ Use of toluene or xylene as solvents in the above reaction heated
' 7  pXa ' for several days led to 4 in ca. 75%  yield.
50% EtOH-HiO 75 0̂̂ acetone- The medlyi ester 0f 4  was prepared in acetone from the acid and

(v/v 2 lT/v dimethyl sulfate in the presence of sodium carbonate: pale
/\ yellow oil, 72%, bp 163-164° (3.1 mm), n26d 1.5379; oCCI< essen-

/—C tially same as that of 4 minus the acid proton and with 3.63 s,
\ O k P ^  5 -88 7 -09 3.57 s, 3.47 s (3 OCH3); Aneat 5.72 (C = 0 ) , 6.21 (C = C ).

C00H Anal. Calcd for Ci6HiB0 4C1,: C, 46.18; H, 4.37. Found: C,
c, a 46.24, H, 4.19.

The configurations of 4 and its methyl ester were not proved. 
Ci— 6 • 56 That shown for 4 in Chart I  (text) is probably correct based upon

X ' (  COOH similar compounds.20
/ 5,6,7,8-Tetrachloro-9-keto-l,4: 5,8-dimethano-l,2,3,4,5,5a,8,-

u  ' 8 a-octahydronaphthalene-l-carboxylic Acid (5).-—The procedure
A given involves critical ratios of reactants. Other proportions

5  gg 7.61 gave poor results. Acid 4 (20 g, 0.05 mol) in concentrated sulfuric
acid (80 ml) was stirred at 25° for 55 min and then poured slowly 

C00H onto crushed ice (165 g). The precipitated solid was collected,
/1 triturated with water, and dried: 16.8 g, 95% , mp 140-142°

dec with loss of carbon monoxide followed by resolidification and 
V " 'T '\  6.37 eventual melting at ca. 230°; 5CDCla 10.23 br s (COOH), 2.92 q

C00H (upfield pair obscured, 5a,8a-H’s, AB, J  ~  8 cps), 2.65 m (4-H),
K 1.3-2.0 m (all other H ’s); AN,lio1 2.9-4.0, 5.82 (COOH), 5.45

g 20  (9-CO), 6.24 (C = C ). As 5 decomposed upon recrystallization
' from ether-petroleum ether, the crude material was analyzed.

COOH The analysis is considered satisfactory allowing for the nature of
k the compound.

Anal. Calcd for CisFIioOsCh: C, 43.85; H, 2.83. Found: C, 
6.62 42.97; H, 3.10.

¿00H 5,6,7,8-Tetrachlcro-l,4-methano-l,2,3,4,5a,8a-hexahydro-
naphthalene-l-carboxylic Acid (6 ).—Acid 5 (150 g, 0.421 mol) 
was slowly heated to reflux in o-dichlorobenzene (1500 m l).20a'b 

\  g 3 5  Evolution of carbon monoxide21 continued for 2 hr, after which
C00H the solvent was removed under reduced pressure with a nitrogen

bleed. The residue was triturated with benzene to give 6 as a 
g 2 g tan solid (132.5 g, 89-5%, mp 230-232°). The acid was re-

1̂ /VgQQjj crystallized from methanol: microcrystalline white solid, mp
rcH1 rrmH 6.48 7.64 240-241°, 3.33 q (5a,8 a-H’s, AB, / =  12 cps), 2.72 m

(4-H), 1.4-2.5 m (all other H ’s); AN™°> 3.4-4.4, 5.96 (COOH), 
_ COOH 6.23 (C==C); Acacn 282 (e 3267), 293 (3367), 306 (3367), 319

O f  5.50 6.71 (323 3) . 22
^  Anal. Calcd for Ci2H10O2C14: C, 43.94; H, 3.07. Found: C,

44.12; H, 2.69.
. . ar-Tetrachlorobenzonorbornene-l-carboxylic Acid (7).—A mix-

Expenmental Section ture of bromine (82 g, 0.51 mol), acid 6 (128 g, 0.39 mol), and
n,- T , , ,  , , , , ... . chlorobenzene (650 ml) was heated under reflux with stirring
Melting points (Fisher-Johns block) and boiling points are fo r7 .5 h r . Hydrogen bromide was steadily evolved. The solvent 

uncorree e . e o owing ins rumen s were used for spectral was removed on a rotary evaporator and the solid residue tri-
7 ° rk- r «  I anan : lr’ w ^ o d "1, l 1 ar\d turated with hexane and dried to give crude 7 ( -1 2 8  g, 1 0 0 %,
Infracord, Beckman IR-5A; uv, Beckman DK-2 and Bausch 200-202°). Recrystallization from aqueous methanol
and L°mb Spectromc 50o. Nmr data are given in parts per produced a giistening crystalline solid: mp 204-205.5°, Jp*™ ”
million (5 units) relative to internal TM S, with the usual splitting m (bridfehead H), 1.0-2.9 m (other ring H ’s); A»*«* 3 .2 -

T f ' 0n! bemg used. The centersof multiplets are given. 4 .0 5 . 9 0  (COOH) 13.15; A£“cls 247 (« 3217), 284 (1283), 295
Area integrations were within 10% of the proper value. Only 713000 22

-r (X) ^ orPtlons. are listed>.'n microns (M). Ultra- AnaL  Calcd for C12H80 2C14: C, 44.20; H, 2.48. Found: C,
violet maxima (Ama%) are given in millimicrons (m;u). Gas- 4 4  11- H 2 51
Uquid partition chromatography (glpc) was performed on a T h ’ ’th' i  ester was nrenared bv reaction of 7  with dia/oVanan Aerograph A-90P with helium gas as carrier. Micro- , methyl ester was prepared by reaction ol 7 with diazo
analyses were done by Galbraith Laboratories, Knoxville, meth“ e;. The. whlte £ystallm e Product was recrystallized
Tenn., and by Micro-Tech Laboratories, Skokie, 111. A number 8everal tlmes from methanol: mp 123-124.5 , «<*.. 3 .9 0  s
of the preparations were exploratory and the yields may not be
optimum. The petroleum ether used throughout the work was (20) (a) S- B ' Solowa>'. Dissertation, University of Colorado, 1955;
a 30-60° boiling point fraction J- G. Martin and R. K. Hill, Chem. Rev., 61, 537 (1961); (b) C. F. H. Allen

5,6,7,8-Tetrachloro-9,9-dim ethoxy-l,4:5,8-dim ethano-l,2,3,- “ 1 ? : If,“ ^1“ Chem - f ?;• «*■ 1260 ( m 2).
a c o 0 - a i. j  , ,, . ,  ̂ * 1 * (21) The decarbonylation is probably concerted and sigmasymmetnc (dis-
4,5,5a,8,8a-octahydronaphthalene: l-carboXyllC Acid (4).-N o r -  rotary); of. J. E. Baldwin, Can. J .  Chem., 44, 2051 (1966).

ftco6rieV Ca -°X̂  1C S’Cld (3, 50 g, 0.362 mol) was heated at (22) MacKenzie60 employed uv spectra to differentiate hydroaromatic
165 under nitrogen for 6  hr with l,2,3,4-tetrachloro-5,5-di- and aromatic compounds in a similar series. For the following tetrachloro-
methoxycyclopentadiene19 (250 g, 0.9 mol). The reaction ma- dihycro aromatic substance (i) prepared by him the uv \max are: 279, 290,
terial occasionally solidified during the process, otherwise upon
cooling. The solid mass was triturated with hexane to remove i 1 91
excess reactant, leaving a cream-colored powder (125 g, 85%, clv r̂ N^\-Y '̂Br
mp 218-219°). The material could be recrystallized from metha- -[T 7JL TCjT )T
nol as a white crystalline solid: mp 225-227°; SCDCI3 10.23 br s C I ^ Y  Br
(COOH), 3.60 s, 3.55 s (2 OCH3), 2.77 q (5a,8a-H’s, AB, J  =  8 Cl Cl
cps), 2.33 m (4-H), 1.15-1.9 m (all other H ’s); ANui°‘ 3.5-4.0, (i) (ii)
5.83, (COOH), 6.19 (C = C ).
— 302, and 316 m/*. The aromatized compound (ii) possessed Xmax at 222,

(19) J. S. Newcomer and E. T. McBee, J .  A m er. Chem. S oc., 71, 946 284, and 292 m/i. In each case the agreement with compounds 6 and 7 is
(1949). good.
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Chart IV
1 “S u b s t it u t e d  B e n z o n o r b o r n e n e s

------------------Analyses, %°----------------
X Mp, bp (mm), °C C H X spectra6 Lit. ref

CONH2 156-157 . 76.98 7 .00 5 .7 -7 .0  m c
(from benzene) 77.26 6.99 3 .0 0 ,3 .1 5 ,

6 .0- 6 . 2
CN . . . «  85.17 6 .55  e

85.04 6.58 4 .5
CH0/ 88.68 7.03 10.15 s g

83.67 7.09 3 .6 . 3 .7 , 5.81
COOCH, 106-110 (0.2) 77.80 6 .98  3 .6 7 s  h

77.00 7 .18 5.81
COCa-''»' 90-93 (0 .1) 83.83 7.58 3.85 s k

83.72 7 .68 5 .9 , 7 .4
OCOCH,' 82-84 (0.2) 77.8 6.980 2 .10 s m

77.31 7.14 5.78, 8.08
OH . . A  82.46 7 .55 6 .0  s" o

82.29 7.43 3.05
Br 68-70 (0 .1) 59.21 4 .97  . .  .* q

59.42 5.13
NH3+ Cl -  r’* 240-245 dec Cl‘ 18.12, 7 .0 -8 .5  m

(from ether-butanol) 18.21 3 .3 - 4 . 3

Cl . . . d  73.95 6.21 . . . *  u
74.10 6.30

“ Microanalyses were performed by Micro-Tech Laboratories, Skokie, 111. The italicized values are the calculated figures. b The 
italicized spectra are nmr 5 values indicative of the group X . Solutions in CC1< or CDCL were used. The spectra were determined at 
60 MHz relative to TMS. The other (X) spectral data are infrared maxima indicative of the group X . Spectra were determined on 
neat liquids or on KBr disks of solids. c R. L. Shriner, R. C. Fuson, and D. Y. Curtin, “The Systematic Identification of Organic Com­
pounds,” 5th ed, John Wiley & Sons, Inc., New York, N. Y., 1964, p 235. d Not determined. The material was collected by gas-liquid 
partition chromatography or by molecular distillation. e J .  Thurman, Chem. Ind. (London), 752 (1964). 1 2,4-DinitrophenyIhydra-
zone, mp 173.5-175° from ethyl acetate. Anal. Calcd for CisHnsCLNu N, 15.91. Found: N, 16.19. “ II. C. Brown and R. F. 
McFarlin, J . Amer. Chem. Soc., 80, 5372 (1958). h From the acid 2 and diazomethane. > 2,4-Dinitrophenylhydrazone, mp 161-162° 
from ethyl acetate. Anal. Calcd for CisHisCLNu N, 15.29. Found: N, 15.14. » Oxime, mp 120.5-129° from aqueous methanol.
I t  is a mixture of stereoisomers. Anal. Calcd for C13H15ON: N, 6.96. Found: N, 7.13. k C. DePuy, G. Happen, K. Filers, and 
R. Klein, J .  Org. Chem., 29, 2813 (1964). 1 Other methods of synthesis were also employed. The best is referenced. m J .  W. Wilt, 
C. F. Parsons, C. A. Schneider, D. G. Schultenover, and W. J .  Wagner, J .  Org. Chem., 33, 694 (1968). n Varies with concentration and 
temperature. 0 Saponification of the acetate with alkali. p No characteristic spectra. « C. Grob, M. Ohta, R. Renk, and A. Weiss, 
Helv. Chim. A da, 41, 1191 (1959). r Acetamide, mp 156.5-157.5° from aqueous methanol. Anal. Calcd for C13H15ON: C, 77.58; 
H, 7.51. Found: C, 77.62; H, 7.55. * Benzamide, mp 150.5-151.5° from aqueous methanol. Anal. Calcd for CigHnON: C, 
82.10: H, 6.51. Found: C, 81.96; H, 6.45. 1 Volhard determination of ionic chloride. “ J . Kochi, J .  Org. Chem., 30, 3265 (1965);
J .  Amer. Chem. Soc., 87, 2500 (1965).

(COOCH3), 3.81 m (bridgehead H), 2.5-1.2 series of multiplets Anal. Calcd for C12H12O2: C, 76.56; H, 6.44. Found: C, 
(other ring H ’s); Xcol< 5.83, 8.0 (-COOCH3). 76.51; H, 6.54.

Anal. Calcd for Ci3H10O2Cl4: C, 45.92; H, 2.96. Found: C, The deshielding of the aromatic proton noted above is char- 
46.26; H, 2.97. acteristic of most 1 -substituted benzonorbornenes and is helpful

Benzonorbornene-l-carboxylic Acid (2).-—Acid 7 (11.7 g, 0.036 in structural assignment. There are exceptions, however (e.g ., 
mol) and aqueous potassium hydroxide (81 g of 85% material) carbinol 8 ).
in 800 ml of water were stirred on a steam bath until homogeneous. The S-benzylisothiuronium salt of 2 was made in the usual way
Raney nickel catalyst23 (powder, 50 g) was then added portion- (mp 146-147°).24 *
wise with stirring at a rate that kept the foaming under control. Anal. Calcd for C20H22O2N2S: C, 67.80; H, 6.21. Found:
When all the catalyst had been added, the solution was stirred on C, 67.50; H, 6.43.
the steam bath for 4 hr. The cooled solution was filtered from The spent catalyst from the above preparation of 2 could not
the catalyst and combined with aqueous washings of the catalyst. be used effectively again. Only partial dechlorination of 7 was
Acidification of this filtrate with concentrated hydrochloric acid observed. Application of the above procedure at room tempera-
(Congo Red endpoint) threw down acid 2. The acid was taken lure to acid 6 produced 1,4-methanodecahydronaphthalene-l-
up in ether, washed, dried, and recovered by evaporation as an carboxylic acid (73% ) . 26 The acid was sublimed, recrystallized
off-white, crystalline solid negative to Beilstein’s test for halogen from heptane, and resublimed: white crystalline solid, mp 124.5-
(6.4 g, 95%, mp 88-90°). The acid could be recrystallized from 126°, neut equiv 205, calcd 205; 5CC1‘ 12.4 s (COOH),
heptane or hexane as colorless prisms [mp 93-94°, 6CCU 12.9 s 1.0-2.2 m (all other H ’s); XNuio1 3.3-4.0, 5.92 (COOH), 13.7;
(COOH), 7.47 m (peri Ar-H, adjacent to COOH), 7.1 sharp m blank in uv.
(other Ar-H), 3.37 m (bridgehead H), 1.0-2.7 m (other ring Anal. Calcd for Ci2HiS0 2 : C, 74.23; H, 9.28. Found: C,
H ’s); XN™°' 3.3-4.0, 5.95 (COOH), 6.32, 13.3 (Ar-H); XSScw 74.23; H, 9.59.
264 (« 1340), 271 (1320). ___________

(23) Several other methods of reductive dechlorination were attempted (24) D. J. Pasto and C. R. Johnson, “Organic Structure Determination,”
with varying degrees of success. The preferred one in our hands is that Prentice-Hall, Inc., Englewood Cliffs, N. J., 1969, p 404.
described, modeled after that of N. P. Buu-Hoi, N. Dat Xuong, and N. van (25) Therefore this method23 seems too vigorous, even under these
Bac, B u ll. Soc. C him  F t., 2442 (1963). milder conditions, for the production of unsaturated acids.
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The amide of the acid above was prepared in standard fashion26 then back-titrated with standard sodium acetate in acetic acid,
from the acid chloride and ammonia (white solid, mp 205-206° Serious negative deviation from first-order kinetics occurred after
from methanol—water). ca. 60% reaction and the rate constants for 1 in acetolysis (Table

Anal. Calcd for Ci2H19OH: C, 74.61; H, 9.84. Found: C, I) are initial slopes. In contrast, 9 shows first-order kinetics
74.37; H, 9.89. to over 80% reaction and the infinity titer was 99% of theory.

Benzonorbornenyl-l-carbinol (8).'—Reduction of acid 2 with Both first order rate constants and activation parameters were 
lithium aluminum hydride in ether in standard fashion produced calculated in both solvents by the usual methods, employing the
carbinol 8 : 99%, a difficult compound to work with but which Eyring equation for the latter. The errors given for these param-
could be recrystallized from heptane and then sublimed; mp 58- eters are average deviations frcm the best (visual) straight line
59°; 5CC1< 7.03 sharp m (Ar-H), 4.05 q (-CH 2OH, AB due to fit of the data.
adjacent asymmetric carbon, J  =  11 cps, outer lines weak), Solvolysis Product Studies.—The solvolysis products from 9
3.27 m (bridgehead H), 2.50 s (OH, removed by D20 ) , 0.83-2.17 in both aqueous acetone and acetic acid have been reported4 and
m (other ring I I ’s); XN“io1 3.0, 9.66, 9.75 (>C -C H 2OH), 13.3 they were not further investigated; nor were the products from
(Ar-H). Repeated attempts did not improve the analysis and 11. A larger scale solvolysis of 1 in 80% acetone at 150° for 4
the alcohol is characterized better as its tosylate. days produced ca. 50%, isolated product (there remained some

Anal. Calcd for CiiH1(0 :  C, 82.76; H, 8.05. Found: C, unchanged 1), bp 103-135° at 3.5 mm. The material solidified 
83.20; H, 8.24. on long standing. Preparative glpc on an SE-30 column (186°)

Benzonorbornenyl-l-carbinyl Acetate (8-OAc).— Reaction of separated the later eluting carbinol 8 (75%, confirmed with 
carbinol 8 with acetic anhydride in pyridine under reflux, followed authentic material) from another alcohol (25%), to which was 
by a quench in water and treatment with dilute hydrochloric assigned the structure 6,7-benzobicyclo[3.2.1]oct-6-en-l-ol (13): 
acid, afforded 8-OAc as an oil that was taken up in benzene, dried, viscous oil; S001* 7.15 m (A r-H ), 3.21 m (bridgehead H), 2.27 m
and distilled under vacuum in a micro Hickman still for the {endo C-3 proton), 2.25 s (OH), 1.32-1.87 m (other ring H ’s);
analytical sample: 91%, 5ccl4 7.27 s (Ar-H), 4.75 q (-CH 20 - ,  Aneat 3.0, 8.78, 8.90 (tertiary C-OH), 3.31, 3.45, 3.52, 6.9, 7.55,
AB due to adjacent asymmetric carbon, J  =  1 2  cps, outer lines 7.82, 8.2, 9.4, 9.55, 9.81, 10.18, 10.7, 11.1, 11.2, 11.84, 12.3,
weak), 3.43 m (bridgehead H), 2.08 s (-OCOCH3), 1.08-2 33 m 12.5, 13.3, 14.1, 14.8.29
(other ring H’s); A-»* 5.72, 8.04, 9.61 (-CH2OCOCH3), 13.2 Anal. Calcd for Ci2H140 :  C, 82.76; H, 8.05. Found: C,
(Ar-H). 82.36; H, 7.94.

Anal. Calcd for ChHi60 2: C, 77.74; H, 7.46. Found: C, Alcohol 13 (0.9 mmol) was converted into 6,7-benzobicyclo- 
77.72; H, 7.39. [3.2.1]oct-6-en-l-yl acetate in standard fashion employing acetic

Benzonorbornenyl-l-carbinyl tosylate (1) was prepared in the anhydride and pyridine (10 mmol each). The acetate was
usual way from 8 with p-toluenesulfonyl chloride in pyridine:21 collected as a colorless oil by distillation in a micro-Hickman
6 8 % , mp 95.5-96.5° from benzene-pentane, 5CC1< (partial), 4.60 distillation apparatus: 85%, 5CDCl3 7.35 m (Ar-H), 3.40 m
apparent s (-CH2OSO-),3.35 m (bridgehead IT); XNuiol7.36, 8.4, (bridgehead H), 2.50 m (C-2 methylene), 2.20 m (endo C-3 H),
8.5 (-OSO2- ) .  2.10 s (-OCOCH3), 1.90-1.47 m (other ring H ’s); Xneat 5.74,

Anal. Calcd for Ci9H2oO;S: C, 69.51; H, 6.10. Found: C, 7 .9 5 ,8 .19 ,13 .2 .
69.40; H, 6.13. Anal. Calcd for C»Hi60 2: C, 77.74; H, 7.46. Found: C,

or-Tetrachlorobenzonorbornenyl-l-carbinol and Tosylate 1 1 .—  78.04; H, 7.42.
Acid 7 was reduced to the carbinol with lithium aluminum hy- Attempts to prepare the tosylate of 13 were largely unsuccess-
dride in ether (reflux, 24 hr). Upon recrystallization from ful. Reaction of 13 with tosyl chloride in pyridine at 25° for 4
hexane it was microcrystalline: 80%, mp 116.5-117°; 5CCU days led to an oily mixture of unchanged alcohol and the pre-
4.35 q (-CH20 - ,  AB due to adjacent asymmetric carbon, / = 1 1  sumed tosylate 13-OTs. The small amount of material precluded
cps), 3.65 m (bridgehead H), 2.55 m (OH), 1.0-2.5 m (other isolation and analysis. However, after correction for the ab-
ring H’s); XKBr 3.15, 9.55, 9.75 (>C -C H 2OH). sorptions of 13, the ir spectrum of the presumed 13-OTs showed

Anal. Calcd for Ci2HI0OC14: C .46.19; H, 3.23. Found: C, Aneat 7.35, 8.36, 8.48, 8.52 (-OSO2- ) ,  9.09, 9.78, 10.20, 10.4-
46.57; H, 3.34. 10.7 (broad), 11.32, 11.54, 12.00, 12.27, 13.24, 14.3-15.2

Tosylate 1 1  was prepared in pyridine from the carbincl and (broad), 
p-toluenesulfonyl chloride: 80%, mp 153-153.5° from hexane; The preparative acetolysis of 1 (1 g, 3 mmol) in glacial acetic
5CDC13 8.1-7.28 q (AB, Ar-H), 4.83 q (-CH20-> AB due to ad- acid (75 ml), acetic anhydride (1 ml), and sodium acetate tri-
jacent asymmetric carbon, J  = 10 cps), 3.63 m (brigehead H), hydrate (0.61 g) was carried cut under reflux for 330 hr. The
2.46 s (Ar-CH3), 2.2-1.15 m (other ring H ’s) AKBr 7.38, 8.41, solvolysis mixture was poured onto solid sodium carbonate,
8.55 (—OS02—). diluted with water, and extracted, with benzene. Removal of the

Anal. Calcd for Ci9Hi60 3ChS: C, 48.95; H, 3.46. Found: benzene left an oil which was treated with petroleum ether causing
C, 49.09; H, 3.54. a solid to precipitate (100 mg, 10% yield). Recrystallization of

Solvolysis Rate Studies.—Attempts to study tosylates 1 and the solid from chloroform-petroleum ether afforded benzobicyclo-
11 in 60% acetone-40% water (as was done earlier with tosylates [2.2.2]oct-l-enyl tosylate (12-OTs): mp 99-100° (no decomposi-
9 and 10) were thwarted by lack of solubility. The tosylates tion), Sccu 7.85 d (downfield portion of Ar-H of tosyl group,
were therefore studied in 80% acetone (distilled from potassium A2B 2), 7.5-6.9 m (rest of Ar-H of tosyl group and Ar-H of
permanganate)-20% deionized water (v/v), containing sym- bicyclic), 2.90 m (bridgehead H), 2.73-2.21 m (C-6  exo and C-7
collidine (redistilled) using sealed ampoules thermostated at anti H ’s), 2.43 s (Ar-CH3), 2.1-1.1 (other ring H ’s); AKBr7.42,
various temperatures (see Table I ) . 28 Tosylate II  was studied 7.50, 8.43, 8.55, (-O S02-) ,  10.10, 11.12, 11.59, 1 2 .1 2 , 12.22,
only at one temperature. Ampoules were removed at certain 12.68, 13.18, 13.34, 14.60, 15.13.
times, cooled, and opened.. Water was added (so that the end Anal. Calcd for Ci9H20O3S: C, 69.51; H, 6.10. Found: C,
point was sharper) and the excess collidine was titrated with 69.52; H, 6.10.
standard 0.02 N  hydrochloric acid to a bromophenol blue end While the structure assigned to 12-OTs must be considered
point. The solvolyses were first order to over 80% completion provisional, three items support it. First, the bridgehead proton
and infinity titers (10 half-lives) were >97%  of theory. Addi- resonance at 5 2.90 is somewhat upfield from those found in
tional runs made with twice as much collidine showed essentially benzonorbornene or 6,7-benzobicyclo[3.2.1]oct-6-ene derivatives
no rate effect, so the processes are believed to be true solvolyses (all >  S 3), but close to that of benzobicyclo[2.2.2]octene (5
with no Sn2 component from the collidine. 2.93). These differences possibly reflect the different percentage

Less satisfactory studies of 1 were done in acetic acid (distilled) s character in these bridgehead C-H bonds. Second, the obvious
containing 0.3%  (v/v) acetic anhydride and sodium acetate inertness of the compound in acetolysis is in keeping with this
(1.5 mmol/mmol of tosylate), again using the ampoule technique.
Excess p-toluenesulfonic acid was added to each opened ampoule
to react with the remaining sodium acetate. The excess acid was (29) A mixture of alcohol 13 (69%) together with 8 (12%) and benzo-
____________  bicyclo[2.2.2]octen-l-ol (19%) was also prepared from ar-tetrachlorobenzo-

norbornenyl-l-carbinol. Reaction of the carbinol with fuming sulfuric acid
(26) N. D. Cheronis and J. B. Entrikin, ‘‘Semimicro Qualitative Organic (30% SOs) at 10° followed by solution in water led to the ar-tetrachloro

Analysis, Interscience Publishers, Inc., New York, N. Y., 1957, p 353. derivatives of these alcohols. Dechlorination was then achieved with Raney
(27) R. S. Tipson, J. Orff. Chem ., 9, 235 (1944). nickel alloy in analogous fashion to the procedure described for acid 2. The
(28) For complete details, the dissertation of H. F. D., Jr., should be samples of alcohol 13 obtained by the solvolysis route from 1 and this route

consulted. were identical (unpublished work).
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bridgehead derivative.13 Lastly, the presumed tosylate 13-OTs X”8“4 13.15 and by nmr resonances at S 7.08 s (A r-H ) and 3 .33-
had a different ir spectrum from 12-OTs. 3.83 dt (poorly resolved ArCH), in good agreement with values

The petroleum ether mother liquor from which 12-OTs pre- reported for this hydrocarbon.34 Hydrocarbon 20 was a pleasant
cipitated was evaporated to afford a mixture of acetates (400 mg, smelling oil: 5CCU 6.97 s (A r-H ), with multiplets centered at
62% ). Analysis by glpc (SE-30, 170°) indicated two closely 2.95, 2.67, 2.47, and 1.75 (other H ’s); X““ * 12.93, 13.5, 13.82. 
eluting fractions. A small first portion was possibly benzobicy- Study indicated that these hydrocarbons were resolved from
clo[2.2.2]oct-2-en-l-yl acetate (12-OAc), although the small 17, 18, and 19 on G E-X E-60 (silicone gum, nitrile) at 180° and
amount of material precluded positive identification. The major that neither was present in the reduced reaction product from
glpc fraction (97% ) was an unresolved mixture of 8 -OAc and carbinol 8 mentioned above. On the other hand, individual
13-OAc, in the ratio of 3 7 :6 3 , respectively, as established by coinjection of authentic 17, 18, and 19 with the reaction product
spectral comparison with mixtures of the authentic compounds. enhanced the appropriate glpc peak. Infrared and nmr spectra

Action of Carbinol 8 with Hydrobromic Acid-Zinc Bromide.—  of samples of three hydrocarbons made up in the aforementioned
A mixture of hydrobromic acid (48% , 10 ml), zinc bromide (10 1 8 :7 0 :1 2  ratio matched the reaction product,
g), and carbinol 8 (0.5 g, 3 mmol) was heated at reflux with Benzonorbomenyl-l-acetic Acid (23).— Benzonorbornene-1-
vigorous stirring for 40 h r .15 A 6.5-hr heating period was less carboxylic acid chloride (2A) was prepared from the acid and 
effective, 4%  unchanged 8 being left, while a 10-hr heating period thionyl chloride (85% , bp 93-96° at 0.2 mm). The acid chloride
at 100° effected little change in 8 . The cooled material was (5.15 g, 0.025 mol) was converted at 0° into the diazoketone
diluted with water and extracted with hexane. The extracts (Xn8at 4.75, 6.15) by means of ethereal diazomethane (0.07 mol), 
were dried, freed of solvent, and distilled to afford a pale yellow Removal of the ether left a viscous oily product which was dis­
oil (0.27 g, 47% , Hickmann microstill) and much residue. The solved in dry meihanol (200 ml), stirred, and treated portionwise
distilled material showed no -O H  in the ir spectrum, while the with silver ion catalyst (silver benzoate in freshly distilled tri-
nmr spectrum was very complex, showing aromatic protons and ethylamine) as described by Newman and Beal.35 Gas evolution
a series of multiplets for the remaining protons from 6 3 .4  to 1.0. was vigorous after a short induction period and was complete
The 40-hr experiment showed no S 3.97 singlet characteristic of in 15 min. After 3 more hr of stirring, the solvents were removed
carbinyl bromide 14 (-C H 2B r), although some of this was ob- on a rotary evaporator, and the black residual oil was taken up
served in the 6.5-hr experiment. in ether, washed successively with aqueous sodium bicarbonate

To assist in product analysis, the bromides from the 6.5-hr (5% ), dilute hydrochloric acid, water, and then brine, and dried
experiment (0.5 g) were reduced in tetrahydrofuran (10 ml) and and distilled. Methyl benzonorbomenyl-l-acetate was collected
i-butyl alcohol (1.1 g) by addition of lithium shot (c a . 0.5 g).6i as a pale yellow oil (4.4 g, 81% , bp 112-117° at 0.2 mm). A
The exothermic reaction was selfsustaining for 2 hr, after which sample was redistilled for analysis: bp 116° at 0.2 mm, k24d
further refluxing was continued for 2 hr. W ater was added to 1.5327, Sn8a4 7.05 m (A r-H ), 3.51 s (OCH3), 3.18 m (bridgehead
the cooled mixture and the hydrocarbon products were extracted H ), 2.90 s (-C H 2CO -), 0 .95-2 .11  (other ring H ’s); Xnoat 5.78,
with hexane. Preparative glpc (SE-30, 195°) of the dried extract 8 .40, 8.56 (-COOCH3), 13.3.
produced a clear oil, shown by various analyses (see below) to A nal. Calcd for ChH i60 2: C, 77.75; H, 7.46. Found: C,
be a mixture of hydrocarbons 17 (18% ), 18 (70% ), and 19 (12% ). 77.93; H, 7.41.

A nal. Calcd for C i2H „: C, 91.08; H, 8.92. Found: C, Glpc (SE-30, 180°) indicated about 1.5%  contamination by 
91.37; H, 8 .88 . methyl ester 28.

1-Methylbenzonorbornene (17).— Tosylate 1 (0.75 g, 2.3 mmol) Saponification of the ester with sodium hydroxide in aqueous
was reduced in ether with lithium aluminum hydride (0.2 g) over alcohol and acidification produced acid 23 as an oil which slowly
a 4-day reflux period (a 15-hr period left 1 unchanged). The solidified: 86% , white solid, mp 59-60° upon recrystallization
customary workup and distillation in micro-Hickman still from petroleum ether and sublimation (occasionally a sample
produced 17 (45% ) as a colorless oil. The residue was ca. 50%  had mp 64-65° but would remelt at 5 9 -6 0 °); 8CCU 12.1 broad s
recovered 1. The analytical sample of 17 was collected by glpc (COOH), 7.03 sharp m (A r-H ), 3.27 m (bridgehead H ), 2.97 s
on Reoplex 400 (polypropylene glycol adipate) at 185°: <Sccl4 (-C H 2CO -), 1 .00-2.33 (other ring H ’s); XNuio1 2 .9 -4 .0 , 5.85
7.0 s (A r-H ), 3.27 m (bridgehead H ), 1.55 s (CH3), 1 .00-2.33 m (COOH), 13.3.
(other ring H ’s); Xneat 7.27 (C -C H 3), 13.34. A nal. Calcd for Ci3H u 02: C, 77.23; II, 6 .93. Found: C,

A nal. Calcd for Ci2H14: C, 91.08; H , 8 .92. Found: C, 77.04; H, 7.05.
91.24; H, 8.92 . The aceto-p-toluidide derivative of 23 was prepared from the

6,7-Benzobicyclo[3.2.1]oct-6-ene (18).— 6,7-Benzobicyclo- acid chloride (86%  from 23 and thionyl chloride, bp 95-97° at
[3.2.1]oct-6-en-3-one30 [1.6 g, 9.3 mmol, mp 65-67°, 5ccl4 7.13 0.5 mm) and p-toluidine in benzene under reflux. Recrystalliza-
s (A r-H ), 3.35 (bridgehead H ’s), 1 .80-2.53 m (other ring H ); tion from aqueous ethanol gave a microcrystalline white solid
XKBr 5.9 (CO), 13.08-13.3] was reduced via the Huang-Minlon (mp 147-148°).
method to afford 18 as a colorless oil: 1.17 g, 80% , bp 95° at 3 A nal. Calcd for C2oH2iON: C, 82.44; H, 7 .27. Found: C, 
mm, homogeneous on SE-30 at 190° for analytical sample; 82.39; H, 7.27.
«ecu 7.1 s (A r-H ), 3.07 p ( /  = 2.5 cps, bridgehead H ’s), 2.25 p 2-(Benzonorbomen-l-yl)ethanol (24).—Reduction of acid 23
(endo C-3 H, J  = 2.5 cps), 0 .62-1 .83  m (other ring H ’s); X"8at (3.5 g, 17.3 mmol) with lithium aluminum hydride in ether in
3.32, 3 .36, 3.48, 3.55, 6 .81, 6 .90, 9.30, 10.72, 11.52, 12.81, the normal fashion produced alcohol 24 as an oil that slowly solidi-
13.3-13.45, 14.5; lit.30b 5 (medium not given) 3.01 (bridgehead fied: 3.05  g ,  94 % , mp 52.5-53 .5° when recrystallized from ben-
H ’s). zene and petroleum ether; Sccl4 7.10 sharp m (A r-H ), 3.79 t

A nal. Calcd for C12H 14: C, 91.08; H, 8.92. Found: C, (-C H 2CH2OH), 3.28 m (bridgehead II), 3.22 s (OH shifted on
91.01; H, 8 .94. dilution), 2.25 probable 12-line multiplet though not all ob-

Benzobicyclo[2.2.2]octene (19) was available from an earlier served, (AB portion of A B X 2, ~CH2CH2OFI, J a b  =  15 cps,
study:31 mp 6 1-62°, Sccl4 7.18 s (A r-H ), 2.93 m (bridgehead J ax(bx) =  7 cps), 0 .90-2 .03  m (other ring H ’s); Xa8a4 3 .00 -3 .20 ,
H ’s), 1.53 symmetrical m (other ring H ’s, A2B 2); XKBr 7.52, 9.60 (-C H 2OH), 9.90, 13.3. _
8.41, 9.70, 10.71, 11 .6, 13.42; lit .32 mp 6 1-62°. A nal. Calcd for Ci3Hi60 :  C, 82.93; H, 8 .57. Found: C,

2,3-Benzobicyclo[3.2.1]oct-2-ene (20).— The literature33 prep- 82.90; H, 8.69. 
arat.ion of this hydrocarbon was followed (81% , bp 90-92° at The tosylate was prepared in pyridine in the usual way.
5 mm). Although the product was homogeneous on SE-30 or 80% , mp 60-61° from benzene-petroleum ether; 5CCU (partial)
Reoplex 400 in glpc, nmr analysis of the product indicated that 4.33 t (-C H 2CH2OTs), 3.40 m (bridgehead H ), 2.53 s (Ar-CH 3),
20 was contaminated (ca. 30% ) with the isomeric 1 ,2 ,3 ,3a,8 ,8a- XKBr 7.38, 8.42, 8.50 (-O S02~).
hexahydrocyclopenta[o]indene.34 The latter was evidenced by A nal. Calcd for C20H22O3S: C, 70.14; 1 1 ,6 .4 8 . Found: C,

70.27; H, 6.55.
Benzonorbornenyl-l-acetaldehyde (22).— Dry dimethyl sulf- 

(30) (a) P . T .  L a n s b u ry  a n d  E . J. N ienhouse , ./. Amur. Chem. Soc., 88, oxide (75 ml) was heated to 150° under nitrogen and then cooled.
4290 (1966). We th a n k  Pro fessor L a n s b u ry  fo r  th e  d e ta ils  o f th is  p re p a ra - To this was added the tosylate of alcohol 24 (4 g, 11.7 mmol)
t io n .  (b) L. B il le t  a nd  G . Descotes, C. R. Acad. Sci., Paris, Ser. C, 268, 69 ___________

(1*3 1 ) ' A . R . Z ig m a n . M .S . The s is , L o y o la  U n iv e rs ity  o f C h icago, 1965. (34) F o r  a recen t s tu d y  o f th e  B a k e r a n d  Leeds p re p a ra tio n  a n d  its  use to
(32) H . E . S im m ons, J. Amer. Chem. Soc., 83, 1657 (1961). p re p a re  th is  inde ne, cf. H . E . Z im m e rm a n , R . S. G ivens, a n d  R . M . P agn ,
(33) W . B a k e r and  W . G . Leeds, J. Chem. Soc., 974 (1948); S. J u lia , C . J. Amer. Chem. Soc. 90, 6096 (1968).

H u y n h , and  J . O liv ie , Bull. Soc. Chim. Fr„ 147 (1966). (35) M .  S. N e w m a n  and  P . F . Beal, I I I ,  ibid., 72, 5163 (1950).
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and sodium bicarbonate (12 g). The heterogeneous mixture was carbon products (18-20) were absent. On the scale employed,
heated at 150° with a nitrogen purge for 10 min and cooled.36 yield data were difficult to obtain but calibration studies indicated
W ater was added and the material then was extracted with ether. at least a 70%  yield of 17.
M ost of the ether was removed from the dried extracts by aspira- Acidity Constants.— Ca. 0.3-mmol portions of the acids in
tion, and the residual oil was vigorously shaken with saturated Table II were dissolved in 50 ml of either 50%  (v /v ) aqueous
aqueous sodium bisulfite to afford the bisulfite adduct (4.5 g). ethanol or 75%  (v /v ) acetone-25% water. The acidic solutions
The sulfurous by-products in this adduct were removed by ether were ohen titrated at 25° with sodium hydroxide (0.05 N )  from
extraction in a Soxhlet apparatus for 40 hr. The purified bi- a microburet using a Leeds and Northrup pH meter with a Beck-
sulfite adduct was then mixed with aqueous sodium hydroxide man glass electrode and a Coleman saturated calomel electrode.
(5% ) and the liberated oil taken up in ether. Distillation of the The pIG was obtained from the pH at the half-neutralization
neutral, dried extracts produced aldehyde 22 as a colorless oil with point,
a slight floral odor: 0.87 g ,  40% , bp 105-108° at 0.2 mm; Sccl*
10.0 t (-CHO,/ = 2 cps), 7.10 sharp m (Ar-H), 3.33 m (bridge- Registry N o .— 1, 15642-38-3; 2, 13733-46-5; S- 
head H) 2.92 eight-line m (-CH.CHO AB portion of ABX, benzylisothiuronium salt of 2, 24452-99-1; 1,4-meth- 
J ab =  lo cps, J ax =  2 cps, lines 1,2 and 7,8 very weak), 1 .00- ■■' 1 ’ 0 , , r 0 fin
2.23 m (Other ring H’s); 3.55, 3 .72, 5.83 (-CHO), 13.3. anodecahydronaphthalene-l-carboxyhc acid, 24453-UO-
The analytical sample was collected by glpc (S E -3 0 ,190°). 7; 1,4-methanodecahydronaphthalene-l-carboxamide,

A n al. Calcd for Ci8H140: C, 83.83; H, 7.57. Found: C, 24453-01-8; 4, 16166-88-4: methyl ester of 4, 15642- 
83£ ° :  H. 7.67 . 40-7 ; 5 , 15642-39-4; 6 , 13733-44-3; 7, 13733-45-4;

The 2,4-dimtropheuylhydrazone derivative was routinely ,2  , , , „  o n  A,,
prepared (yellow needles from aqueous methanol, mp 129-131°). methyl ester of 7, 24453-07-4; 8, 13733-48-7, 8 -0Ac,

A n al. Calcd for Ci9H180 4N 4: N , 15.29. Found: N, 15.45. 24453-09-6; ar-tetrachlorobenzonorbornenyl-l-carbmol,
Decarbonylation of Aldehyde 2 2 .— A 1 M  solution of 22 (2 24453-10-9; 11, 24453-11-0; 13, 24453-12-1; 13-OAc,

mmol) in chlorobenzene (2 ml) was sparged with helium for 15 24453-13-2’ 12-OTs, 24453-14-3; 17, 24453-15-4;
min and then treated at 140° with three successive 0.2-mmol , ]COft1 A0  - .  „r oa o a a k i i t  e .  oo
portions of freshly distilled di-f-butyl peroxide equally spaced ^ 3 9 1 - 6 2 .7 ) ;
over 14 hr. Carbon monoxide (92%  of theory, analyzed by 2445 3 -1 8 -7 , 2.,4-dm itrophe:iylhydrazone Oi 2 2 , 24453
glpc at 25° on a molecular sieve 5A column) was evolved steadily 19-8 ; 23, 24453 -20 -1 ; aceto-p-toluidide derivative of
and the reaction half-time was ca. 260 min. The entire reaction 2 3 , 24453 -21 -2 ; 24 , 24453 -22 -3 ; tosylate  of 24 , 24453-
contents were analyzed by glpc (SE-30) and showed only one 23-4  
product from 22 , 1-methylbenzonorbornene (17), identical in
retention time and spectra with authentic material. Some 5%   ̂ , ,
of the unchanged 22 was also detected. The other possible hydro- Acknowledgm ent, »ve appreciate v ery  much the  
------------------ , . , „ support given to  the early portion of this work by the

(36) N .  K o rn b lu m , W . J . Jones, a n d  G . J. An derson , J. Amer. Chem. boc., . . , „  . .  „ „  , nno
si, 4113 (1969). National Science Foundation, Grant JNo. G 1-1968.
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The adduction of benzyne with cyclopentadiene3 is p p c  * fast j /
the method of choice for the synthesis of benzonor- 1 Cl \ U /  XC 1 ^ C1
bornadiene. As p art of a general research program  in Cl
benzonorbornene chem istry, the addition of benzyne to  2
5,5-d im eth oxy-l,2 ,3 ,4-tetrach lorocyclop entad iene was
achieved (76%  based on diene). Of the numerous into the rare 1,2,3,4-tetrachloronaphthalene (2) is 
interesting reactions of the adduct l , 4 its conversion particularly  efficient (quantitative yield).

(1) P a rt  iv: j . w .  w i l t ,  h . f . D a b e k , j r „  j . p. B e rlin e r, a nd  c. a . Syntheses of 2 are recorded.5 None of them has,
S chneider, J. Org. Chem., 35, 2402 (1970).

(2) N a tio n a l Defense E d u c a tio n  A c t  F e llo w , 1966-1968. (5) (a) F ro m  a r- te tra c h lo ro te tra lin ,  J . v o n  B ra u n , et al., Ber., 5 6 B , 2332
(3) G . W i t t ig  and E . K n auss, Chem. Ber., 91, 895 (1958). F o r  a con- (1923), a nd  m o d ifie d  b y  W . P . W y n n e , J. Chem. Soc., 61, (1 9 4 6 ); (b )

v e n ie n t re ce n t m o d if ic a tio n , cf. L .  F r ie d m a n  a nd  F . M .  L o g u llo , J. Org. f ro m  na p h th a le n e , A . A . D a n ish , M . S ilv e rm a n , a nd  Y .  A . T a jim a ,
Chem., 34, 3089 (1969). J. Amer. Chem. Soc., 76, 6144 (19 5 4 ); (c) f ro m  tr ic h lo ro e th y le n e , W . L .

(4) J . W . W i l t  a nd  E . Y a siliauskas, to  be  p u b lish e d . H o w a rd  and  R . E . G ilb e r t,  J. Org. Chem., 27, 2685 (1962).



however, the convenience, ease, and yield of the present some cases the overtone of carbonyl vibration occurring
synthesis, particularly  for small scale work (3 -5  g). around 3400  cm - 1  has been m istaken for the absorp­

tion of an intram olecular hydrogen bond. T he present 
Experimental Section note shows th a t some hydroxy ketones associate un-

1,2,3,4-Tetrachloro-7,7-dimethoxybenzonorbomadiene (1) . -  " ¡ “ 2 ,  5 d ro « e?  d° ndinS-
Under reflux, a stirred mixture of o-carboxybenzenediazonium & ° ?1V1I}S hands around 3400 cm which have on
chloride6 (25.16 g, 0.137 mol), 5,5-dimethoxy-l,2,3,4-tetrachloro- occasion been incorrectly assigned. Such associations
cyclopentadiene7 (59.57 g, 0.226 mol), propylene oxide (com- are sterically specific, and therefore useful for stereo-
mercial material used as is, 20.6 g, 0.355 mol), and ethylene chemical elucidation.
chloride (300 ml) was heated for 3 hr. The solvent was removed T y p e  j  com p ou n ds (R  =  R ,  C H 3, C 2H S, n -p ro p y l, 
by rotary evaporation and the residual dark oil was then chro- , , , .  C  n , , ’ F
matographed on alumina (400 g). Benzene (20% ) in petroleum phenyl, an d  1 -fu ry l) show  stro n g  a b so rp tio n  arou n d  
ether (bp 30-60°) eluted a milky oil (64.77 g) which upon re- 3400  c m “ 1 (5  X  1 0 “ 3 M  solu tion s in CC14), w h ich  w as
frigeration for 1 day deposited white crystals of l (16.43 g). a ttr ib u te d  to  an  in tra m o le cu la r h y d rog en  b on d 2' 3 and
A second crop of 1 ( 3 ;0° g) was obtained upon further standing. used  in th e  elu cid ation  of th e  s te re o ch e m istry  of th e

7(X 81°tratte0.3 mm!S37.64 g° sf te m ' L aft e r ’ thfe d isco v ery  of th e  stro n g  in term o lec-
was taken up in boiling hexane and filtered. Further crystals tllar asso ciation  of som e diols b y  E g lin to n , e t  a l . } •
of l (2.4 g) were obtained upon refrigeration of this hexane an d  ou r ow n exp erien ce w ith  th a t  phen om enon 6 led
solution. The total yield of l was 21.83 g (47%  based on diazo- to  re e xam in atio n  of th e  assig n m en t, an d  b and s a t  
mum salt, 76.5%  based on consumed diene). Recrystallization 3 4 0 0  c m -1  w ere te n ta tiv e ly  a ttr ib u te d  to  th e  in ter-  
of 1 from hexane afforded white rhombs: mp 121.5-122 ; aCD01» , , , , , , ■ , ,  , T .
(60 MHz) 7.55 (symmetrical m, A2B 2, A r-H ), 3.77 (s), 3.47 (s, m d e cu larly  bonded species.7'8 N everth eless, J o n s
OCHa’s); xKBr 3.4 (w), 6 .22 (w), 8.3 (s), 8.65 (s), 8.86 (s), 9.02 an d  S ch le y e r1 assign th ese stro n g  b an d s to  th e  ca r-
(sh), 9.8 (sh), 9 .9  (m), 10.3 (m), 11.05 (m), 11.45 (w), 11.9 (w), b on yl ov erto n es, c o n tra d ictin g  th e ir  ow n con ten tio n
12.4 (w), 13.6 (s), 14 .8-15.7  (broad m ). th a t  su ch  bands should be re la tiv e ly  w eak ; th e y  also

46 16f'H 2a.9?.fOrCl3Hl0° 2Cl4: C’ 45'92; H’ 2'96' F°Und: note that the stereochemistry of I has not yet been
1,2,3,4-Tetrachloronaphthalene (2).—A mixture of 1 (5.00 g, determ ined.

14.7 mmol), concentrated sulfuric acid (125 ml), and methylene T h e following experim ents substantiate our previous
chloride ( 2 0 0  ml) was stirred at 25° as carbon monoxide evolved. view th a t the absorption a t  3400  cm “ 1 is due to inter-
A solid deposited during the course of the reaction. After 2 0  m olecular hydrogen bonding. Compound I, w ith R  =

w n t Z Z Z Z f Z Z  CX Ple!f d’ vUt furtX ,  sti7 ing. for a C H 3, was recrystallized from C H 3O D ; the deuterationtew hours was arbitrarily allowed. Evaporated solvent was . ’ . . . , , . . ,,
replenished by addition of methylene chloride (100 ml), the- th u s ach iev ed  (O H  -► 0 1 3 )  shifted  th e  bands origin ally
phases separated, and the acid layer extracted with more solvent. a t 3604  and 3395 cm - 1  to 2662 and 2514 cm - 1  (5 X
The organic phase and the extracts were combined, washed well 10 “ 3 M  solutions in CCI4). Consequently, these bands
X r , water’ d -ied’ and evaporated. The residual solid (3.92 g, m u st be attrib u ted  to the stretching vibration of the
100% ) was quite pure 2 by spectra. Kecrystallization once from i i i mi , , r . i ,
ligroin (bp 6 0-90°) produced long, colorless needles: mp 200- hydroxyl group. T h e dependence of the apparent
201° (lit.eb mp 199-200°); 5CDC1= A2B 2 m centered at 8.53 and m olar absorption coefficients « on the concentration of
7.87; X Nuio1 7.6 (s), 8.02 (m), 11.2 (m), 13.3 (s), 14 .3-14.4  (m ). I ,  R  =  C H 3, was measured (C C h  solutions in therm o-

_  . A ____ ___ stated 30° cells, 0 .2  and 1 cm; Beckman I R -1 2 ) ;  the
egis ry No. 1 ,2 4 4 7 2 -1 5 -9 , 2 ,2 0 0 2 0 -0 2 -4 . results are in Figure 1. T he d ata  can be explained by

(6) f . m. Loguiio, Dissertation, Case institute of Technology, 1965; a monomer-dimer equilibrium; the presence of other 
b . h . K ia n d e rm a n  a nd  t . r . C risw e ll, j . Org. Chem.. 3 4 , 3426 (1969). oligomers at higher concentration cannot be excluded,
(1949)J S Newcomer and E' T' McBee' J - Amer- Chem■ Soc" 71' 946 however. A  trial and error procedure (final mean

(8) Micro-Tech Laboratories, Skokie, iii. square of the residuals is 3) gave a dimerization con­
stant of 58 1. mol“ 1; «monomer at 3604 cm“ 1 is 112; the

--------------------------  broad band of dimer (slightly asym m etric, half-width
125 cm“ 1) has « d im e r 316 at 3395 cm“ 1 and « ¿ ¡m e r 25 

S e lf -A s so c ia tio n  in  at 3604 cm“ 1, the last value approximately correspond-
A xial d -H y d ro x y cy c lo h e x a n o n e s  ing to the simple overlap contribution (Cauchy curve9

shape assum ption). Following the argum ent of Liddel 
J osef P itha and B eck er10 the dim er m ust have the cyclic stru ctu re

I I , as proposed previously . 7 ’ 8 This dim er stru ctu re  
Gerontology Research Center, Nationa l im plies8 th a t compound I  has the stereochem istry as

Institute o f Child Health and Hum an Development, proposed ; 2 furtherm ore, com parison of the band posi-
National Institutes o f Health, P u b lic  Health Service,

Department o f Health, Education, and Welfare, Bethesda,
Maryland, and Baltimore C ity  Hospitals, Baltimore, ®  4 ' P ith a , J. P lesek, a nd  M . H o ra k , Collect. Czech. Chem. Commun.,

M aryland  2 6 ' 1209 i 1961)-
(3) J . P ith a , M .  N .  T ilic h e n k o , a n d  V . G . K h a rc h e n k o , Zh. Obshch.

Khim., 34, 1936 (1964).
Received December 1, 1969 (4) A . J. B a ke r, G  E g lin to n , A . G . G onza les, R . J . H a m ilto n ,  a nd  R .  A .

R a phae l, J. Chem. See., 4705 (1962).
T n ,  .  . .  1 . (5) W . S. B e nne t, G . E g lin to n , a n d  S. K o v a c , Nature, 214, 5090 (1967).
in fra re d  s p e c tra  of a lip h atic  h y d ro x y  k eton es m  th e  (6) J . P ith a , J. Joska, a n d  J . F a jko s , Collect. Czech. Chem. Commun., 28,

hydroxyl region (3 0 0 0 -3 7 0 0  cm -1 ) are sometimes diffi- 2 9 1 1  (i963>. 
cult to interp ret even a t  the millimolar concentration
level, where interm olecular hydrogen bonding usually and  H .  W y b e rg , E d „  J o h n  W ile y  & Sons, In c .,  N e w  Y o rk ,  N . Y „  1965, p 

does n ot interfere. R ecently , Joris and Schleyer1 ex- 121-
amined a number of such spectra; they note that in (9) R . N . JoneSi K . s . Seshadri,  n . b . w . J o n a th a n , a n d  j. w . H o p k in s ,

Can. J. Chem., 41, 750 (1963).
(1) L .  J o ris  and P . v o n  R . S ch leyer, J. Amer. Chem. Soc., 90, 4599 (1968). (10) V . L id d e l a nd  E . D . B e cker, Spectrochim. Acta, 10, 70 (1957).
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— -̂-------------------- 1------------------------- 1 hydroxy-2-butanone17 (also alleged to be1 a carbonyl
\ overtone), and decalone and cholestane derivatives

ioo -  containing a cyclohexanone m oiety w ith an axial 8-
^ N. hydroxy group.18 These substances m ay constitute a
1  ^  _ new class of strongly self-associating com pounds.5

S R egistry  N o.— I (R  =  M e), 1614-94-4.
I  eo - y ”

U y  * B • Acknowledgment.-— T he author wishes to  than k  D rs.
g /  G. L . Eichhorn, J .  J .  Butzow , and C. H . Robinson for
5  40 " /  ~ helpful com m ents.
CD /S /

J  (17) G . E g lin to n ,  in  “ P h y s ic a l M e th o d s  in  O rg a n ic  C h e m is try ,“  J . C . P .
^ ~ j  S w a rtz , E d ., H o ld e n -D a y , In c .,  San F rancisco, C a lif. ,  1964, p 67.

/  (18) F . D a lto n ,  J . I .  M c D o u g a ll,  a nd  G . D . M e a k in s , J. Chem. Soc.,
/  4068 (1963).
L________________i ____________ i______________ I

1.10"2 2.10 “ 2 ________________ •
MOLAR CONCENTRATION

Figure 1.— Concentration dependence of the apparent molar S y n th e s is  o f  A lle n ic  A c e ta ls  f ro m
extinction coefficients of compound I, R = CIR. Carbon tetra- „  , ,
chloride solutions at 30°: values observed at 3604 cm-1, • ; C n s a tu r a te d  C a rb e n e s
at 3395 cm“ 1, O. Lines A and B represent the corresponding cal­
culated values for mcnomer-dimer equilibrium [Xdimcr = 58 1. Melvin S. Newman and Charles D. Beard
mol-1 (emonomer 112 at 3604 cm"1; «dimer 316 at 3395 cm-1 and
2'- 3604 cm )]. D ep ar tm en t o f  C h em istry  T h e  O h io  S ta te  U n iv ersity ,

C o lu m bu s , O h io  4 3 2 1 0

tion for the monomer species with d ata  of Jo ris  and R ece iv ed  D ecem b er  2 2  1 9 6 9
Schleyer1 gives additional support for the axial posi­
tion of the hydroxy group. L ast, but not least, the D ihalocarbenes2 and carbethoxycarbene3 react less 
stereochem istry of the system  I was studied indepen- easily with acetylenes than with olefins. W e undertook
dently by different m ethods with the sam e results (cf. this study to see if unSatu rated  carbenes4-5 could add to
ref 11 and references therein; also ref 7 , p 189). acetylenes, since substituted m ethylenecyclopropenes

T he dim erization constant of I  (58 1. m ol“ 1) is an m igM  thus be syn thesized.
order of magnitude higher than th a t of ¿-butyl alcohol10 0 n  treatm en t of a solution of ethoxvacetylene and  
(0 .8  1. mol 4) or the association constant of ¿-butyl alco- 5,5-dim ethyl-N -nitrosooxazolidone ( l ) 6 in 1,2-dim eth- 
h ol-aceton e12 (1 .0  1. mol x) ; nevertheless, it is lower oxyethane (glyme) with solid lithium  ethoxideetha-

nolate,6 the theoretical am ount of nitrogen was rapidly  
o"""” o evolved. B y  suitable procedures 4-m eth yl-2 ,3-p en ta-

y y ^ J y  S  ̂ dienal diethyl acetal (II )  was isolated in 3 5 %  yield.

‘  ' <“ « ■ ?------- ° > ,  +  RC-COC.H.

1 *  CH—  NNO
I /O C JL

than  the dim erization constant of n-nonanoic acid 13 q j  /CH
(1500 1. m ol-1 , all d ata  a t  30° and in CCL solutions). £ = £ — c  ^ORi
In  the case of I  no special forces can be invoked to /  \ R
assist dimerization, such as resonance effects in car-
boxylic acids or diols14 or re--re interaction in hydroxy- ’ ’ 1 5
acetophenones.6 T h e only possible factor is the steric IV R -C H - r "=CH
arrangem ent which allows the simultaneous form ation ’ 3’ ‘ 2 0
of two hydrogen bonds in the dimer I I .  In  line with
th a t interpretation all six known derivatives of type I W hen sodium m ethoxide was used instead of lithium
give the same p attern .2’3 I t  m ay be pointed out th a t ethoxide, the mixed ethyl m ethyl acetal I I I  was form ed
in all these compounds the cyclohexane rings probably in 3 3 %  yield. In  addition to the allenic acetals I I  and
have a slightly distorted chair conform ation.16’16 F u r- I I I ,  there was formed a m ixture of higher boiling prod-
ther, relatively strong and broad bands around 3400 u cts which on alkaline hydrolysis yielded quantities of
cm -1  were observed for dilute solutions (around 5 X
1 0 -3  M ; cf. ref 15) of the following com pounds: 4 - 0) T,lis research was supported by Special F u n d  (178107) of The Ohio

• S ta te  U n iv e rs ity  a nd  G ranh 5552 o f T h e  N a tio n a l Science F o u n d a tio n .
(2) W . K irm s e , “ C a rbe ne C h e m is try ,”  A ca dem ic  Press, N e w  Y o rk ,  N .  Y .,

(11) S. J u lia , D .  V a rech , T h .  B tlre r, and H s. H . G tln th a rd , Helv. Chim. 1964, p  177.
Acta, 43, 1623 (1960). (3) I .  A . D ’y a k o n o v , R . N .  G m y z in a , a n d  L .  P . D a n ilk in a ,  J. Org. Chem.

(12) E . D .  B e cker, Spectrochim. Acta, 17, 436 (1961). USSR, 2, 2038 (1966).
(13) G . G eiseler and I .  L ie b s te r, Z. Phys. Chem. (L e ip z ig ), 222, 330 (4) M . S. N e w m a n  a nd  A . O. M . O k o ro d u d u , J. Org. Chem., 34, 1220

(1963). (1969).
(14) G . E . Bass, Proc. Nat. Acad. Sci. U. S., 62, 345 (1969). (5) M .  S. N e w m a n  a n d  T .  B . P a tr ic k ,  J. Amer. Chem. Soc., 91, 6461
(15) G . E g lin to n ,  J. M a r t in ,  a nd  W . P a rk e r, J. Chem. Soc., 1243 (1965). (1969).
(16) W . A . C . B ro w n , G . E g lin to n ,  J. M a r t in ,  W . P a rk e r, and G . A . (6) W . M .  Jones, M .  H . G rasle y, a nd  W . S. B re y , J r .,  ibid., 85, 2754

S im , Proc. Chem. Soc. London, 57 (1964). (1963).
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2-m ethyl-l,2-propanediol as previously described.5 Experimental Section11

W h en  1 -e th o x y p ro p y n e 7 w as used in p la ce  of e th o x y - 4 -Methyl-2 ,3-pentadienal Diethyl Acetal ( n ) . - T o  a stirred 
a cety len e , a  37  %  yield  of 2 ,4 -d im e th y l-2 ,3 -p e n ta d ie n a l solution of 10 g (0.07 mol) of I5 in 100 ml of glyme and 24.5 g of
d ieth yl a c e ta l  (IV ) w as ob tain ed . T h u s , a  new  ro u te  ethoxyacetylene12 at room temperature was added in four portions
to  allenic a ce ta ls  is a t  h an d . 8 g (0.08 m°l) o:' solid lithium ethoxide ethanolate.6 The theo-

In line with a previous suggestion5 for the mecha- retical am?ur!t of m(;rof rl was evolved (1’( " 0nS 1 hr, cooling being
^  ^  _  , ■ i , , necessary to keep the temperature near 40°. After pouring the

ea ctio n  an  u n ®a û ra ^e(  ̂ carbene with ole- reaction mixture onto ice a conventional work-up yielded 3.93  g 
fans, the following mechanism for the reaction of un- (35% ) of II as a pale yellow liquid, bp 72-77° at 16 mm (9 4 % 
saturated carbenes with alkoxyacetylenes is proposed. pure by glpc). The analytical sample was obtained by prepara­

tive glpc on a 12 ft X  3/3 in. aluminum column packed with 12%  
Carbowax 20M on 60-80 Chromosorb W at 120° using a helium 
flow of 100 ml/min. The infrared spectrum had a characteristic 

Q  allene band at 1992 cm “1 (5.0 m) and acetal bands at 1160 cm -1
several \J (8 .6 , 9 .3  n). The nmr showed a complex multiplet at S 4.77

I +  R ,0  M C = C : (2 H , vinyl H and acetal H, AB pattern ( J  ~  8-10 cps), the
8 ePS CH3 a A  A part being further coupled with the vinyl methyl groups ( /  ~  3

O *  cps), a complex multiplet at 5 3.48 (4 H, OCH2CH3),13 singlets
at 1.83 and 1.80 (6 H , vinyl CH3, /  ^  3 cps), and a triplet at 

2 J 1.17 (6 H , OCH»CH3). The parent peak in the mass spectrum
/C H 3 | (70 eV) was at 170, mol wt 170.

C CH:i, A nal. Calcd for CioH i80 2: C, 70.6; H , 10.6. Found: C,
II c = C  )  + 70 .5 ; H , 11.0.

T y -, V ^ C O C H  A sample of II was prepared from l-bromo-3-methyl-l,2-
C = =  C 3 s  - 3 butadiene14 via the Grignard reagent reaction with ethyl ortho-

/  4 \  R formate.16 The crude reaction product (28%  yield, bp 63-80°
K OC2H5 B at 17 mm) was separated into two components (4 :1 )  by prepara-

ORi tive glpc. The major component proved to be identical with II
C as shown by ir and nmr spectra, and retention time on glpc

analysis.
Ia b After heating a solution of II  in 3 :1  water-glyme containing a

small amount of sulfuric acid at 90° for 90 min, a small amount 
CH3 CH3 CH3v COC,H- of 4-methyl-3-ketovaleraldehyde was isolated by preparative

V  /  ' ' c = C — C ^  ° glpc. This compound proved identical with authentic keto-
n' a J  1 aldehyde prepared by acylation of methyl isopropyl ketone with
II CH3 ethyl formate as described.16
|i' E 4-Methyl-2,3-pentadienal Ethyl Methyl Acetal (III).-—This
J( bl R OH compound was prepared in 33%  yield as described for II except

/  j 1 that dry sodium methoxide was used in place of lithium ethoxide.
R COC3H3 jj jjj  jy  The crude product, bp 65-70° (15 mm), was purified by prepara-

| tive glpc to yield the analytical sample: ir band at 5.0 n; nmr
OR! 8 4.77 (m, 2 H, = C H , CH(OR)2), 3.48 (m, 2 H, OCH2R ), 3.22

D (s, 3 H, OCHs), 1.73, 1.66 (two broadened singlets, 6 H , = C -
(CH3)2), 1.17 (t, 3 H, OCH2CH3).

A nal. Calcd for C9Hi60 2: C, 69.2; H, 10.3. Found: C,

T he v acan t orbital on the carbene carbon of A  lies parent peak (ma*S Spe°tmm’ ?° eV) m/e 156’
in the plane of the paper as represented. W e assume ™  ^-Dimethyl^,3-pentadienal Diethyl Acetal (IV ) .-A  solution
th a t  electrop h ilic  a t ta c k 5 b y  A  o ccu rs  on  th e  n o n o x y - 0f I in glyme and excess 1-ethoxypropyne7 was treated with
genated carbon of the ethoxyacetylene to yield B  which lithium ethoxide ethanolate6 as described for the synthesis of II .
then proceeds b y p ath s a or b to  the allenic produ ct.9 There was obtained in 37%  yield a pale yellow oil, bp 79-84°
C vclivation  (nnth n) would lend to  a m eth v len ecv cln - (12 mm)> which was about 95%  pure by glpc‘ The analy ticalc y c iiz a tio n  (p a tn  a) w ould lead  to  a  m etn y len ecy clo  sample> obtained by preparative glpc, had an ir band at 5.0  M
p rop en e C  so labile th a t  a t ta c k  of alkoxide ion as and nmr bands at 5 5.73  (Sj x H , CH(OR)2), 3.42 (m, 4 H,
show n 10 w ould be ex p e cte d  to  yield  D  w hich  on p ro - OCH2CH3), 1.67 (s, 6 H , = C C H 3), 1.52 (s, 3 H , = C C II3),
tonation yields the allenic acetals I I , I I I ,  or IV . Al- 1-13 (t, 6 H, OCH2CH3, 7  = 7 cps).
ternately, rehybridization of the dipolar ion B  (path  b) A nal. Calcd for CnH20O2: C, 71.6; H , 10.9. Found: C, 
could yield the carbene E  which would react w ith an 1L1; parent peak (mass spectrum’ 70 eV) 184’ mo1
alcohol to  give the final acetal I I ,  I I I ,  or IV . The  
changes of B  to C  and B  to  E  involve different geom etri­
cal paths. W e cannot suggest which change is m ore
fav o rab le  b u t p refer t h a t  w hich  lead s to  E  b ecau se  th is  R egistry No.-— II , 6136 -99 -8 ; I I I ,  24472 -13 -7 ; IV ,
p ath  does n ot require a ring closure followed by re- 24472-14-8 .
opening.

A ttem p ts to react I  with 3-hexyne under similar con-
i * , • __r 1 (11) A l l  te m p e ra tu re  readings are  u n c o rre c te d ; m ic ro a n a ly s is  a re  b y  th e

dltions were unsuccessful. G a lb ra ith  L a b o ra to rie s , K n o x v ille ,  T e n n . N m r  spectra  in  C C U  re la t iv e  to

(C H i) iS i were ta k e n  on  a V a ria n  A -6 0  in s tru m e n t.  A n a ly t ic a l g lp c  were

(7) D .  G . F a rn u m , M .  A . T .  H e yb e y , a nd  B . W ebste r, J. Amer. Chem. p e rfo rm e d  on  a 6 f t  b y  >/a in .  a lu m in u m  c o lu m n  packe d  w ith  7 %  C a rb o w a x
Soc., 86, 673 (1964). 2 0 M  on 6 0 -8 0  mesh C h ro m o so rb  W .

(8) M .  S. N e w m a n  and  A . O. M . O k o ro d u d u , ibid., 90, 4189 (1968). (12) O b ta in e d  fro m  th e  F a rc h a n  Research L a b o ra to rie s , W illo u g h b y ,

(9) O th e r m echanism s m a y  be w r it te n  b u t ,  as c ru c ia l e xp e rim e n ts  h a ve  n o t O h io .
been conce ived, o n ly  th e  tw o  p a th s  show n a re  discussed. (13) F o r  e x p la n a tio n  o f AB C a p a t te rn  see P . R . Shafer, D .  R . D a v is ,

(10) Som e cases w here  bases have  been show n to  add  to  cyc lo p ro p e n e s Vogel, a nd  J . D . R o b e rts , Proc. Nat. Acad. Sci. XJ. S., 47, 49 (1961).
are  K .  B . W ib e rg , R . K .  Barnes, a n d  J. A lb in ,  J. Amer. Chem. Soc., 79, 4994 (14) S. R . L a n d o r, A . N .  P a te l, P . F . W h it ie r ,  a n d  P . M .  G reaves, J .
(19 5 7 ); T .  C . Sh ie lds and  P. D . G a rd n e r, ibid., 89, 5425 (1967); G . L . C loss Chem. Soc., 1223 (1966).
in  “ A d vances in  A lic y c lic  C h e m is try ,”  V o l. I ,  H . H a r t ,  a nd  G . J . K a ra b a tso s , (15) Y .  P a s te rn a k  and J . C . T ra y n a rd , Bull. Soc. Chim. Fr., 356 (1966).
E d ., A ca d e m ic  Press, N e w  Y o rk ,  N .  Y . ,  1966, p  83. (16) A . R ic h a rd s  a n d  T .  S. S tevens, J. Chem. Soc., 3067 (1958).
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R e a c t io n  o f  K e te n e  w ith  A ld eh y d es in  Scheme II

t h e  P re s e n c e  o f  Z in c  C a rb o x y lic  A cid  S a lts  I------
CH3CH=CH— 1— 0
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Received April 23,1969 Qn 0 ĵier band, in some instances ketenes and
aldehydes will copolymerize to polyesters directly

T he first step of an industrial route to 2 ,4-hexadienoic w ithout the interm ediacy of /3-lactones. N a tta  and
acid (sorbic acid) is the production of a polym eric m ate- coworkers have shown th a t dim ethylketene and benz-
rial by reaction of ketene with crotonaldehyde in an aldehyde will polymerize to poly(3-hydroxy-3-phenyl-
inert solvent containing a catalytic am ount of a zinc 2,2-dim ethylpropionic acid) in the presence of m etal
salt of a carboxylic acid .1 As p art of our continuing alkylg or aikoxides.4 T h ey  have shown th a t, a t  least
study of ketene chem istry, we have investigated the jn ^heir p articu lar case, the corresponding /3-lactone is
identity of this polym eric reaction product and have stable under the reaction conditions and, therefore, is
inquired into the mode of its form ation. not a reaction interm ediate.

Analysis of the ir spectrum  and, p articularly, the j n order to determine whether 2 was an  interm ediate
nm r spectrum  of the ketene- crotonaldehyde reaction f^g reaction of ketene with crotonaldehyde catalyzed
product led to its ten tative identification as poly(3- by zinc salts of carboxylic acids, we decided to  synthe-
hydroxy-4-hexenoic acid) (1). In  order to obtain gize 2 anfi  subm it it  to the reaction conditions, ' i f  the
verification of this structure, the polym er was reduced 0-lacton e were stable under these conditions, it could
w ith lithium alum inum hydride to give 4 -h exen e-l,3 - n ot have been an interm ediate in the polym erization
diol which was identical with an actu al sam ple of the reaction.
diol prepared by an independent route. This route T h e only synthesis of 2 is th a t of H agem eyer, who 
involved the lithium aluminum hydride reduction of presented evidence th a t the lactone was produced by
ethyl 3-hydroxy-4-hexenoate prepared by a R efor- the reaction of ketene with crotonaldehyde in the pres-
m atsky reaction utilizing crotonaldehyde, ethyl brom o- ence of boron trifluoride a t  - 2 5 ° . 6 H agem eyer was 
acetate , and zinc (Scheme I ) .  not able to isolate 2 but inferred its presence because

of the evolution of piperylene on pyrolysis of the reac- 
Scheme I tion m ixture. W e made several attem p ts to  synthesize

CH=CHCH3 LiA1H 2 by this m ethod but none was successful. T h e  nm r
I ^ 0  -----V CH3CH=CHCHCH2CH2OH spectrum of the cold reaction mixture failed to reveal

--CHCH2C 0-j- | any bands ch aracteristic of/3-lactones.
I Since we were unable to prepare 2, we decided to

j  L»AiH, prepare the similar, yet known,6 3-hydroxy-4-pentenoic
_ 0 acid /3-lactone (3). This lactone was prepared from

3 CHCHO } Zn I ketene and acrolein in 70% yield by a procedure simi-
+  2 H!q* CH3CH=CHCHCH2COEt lar to th a t which failed for 2. As opposed to 2, lactone
9  OH 3 was stable and could be distilled under vacuum at
II 4Q°

BrCH2C0Et V  , , . , ,
In  the presence of zinc acetate , ketene and acrolein

There are two general ways that polyester 1 might a§ain underwent a facile reaction, but in this case the 
have been formed from ketene and crotonaldehyde. f oduNct J as Poly(3-hydroxy-4-pentenoic acid) (4)
The polyester could have arisen by polymerization of (efl 0- ddle nmr spectrum of the crude product con-
3-hydroxy-4-hexenoic acid /3-lactone (2) formed initially
(path  a) or by the direct copolym erization of ketene and ------ f
crotonaldehyde without the intermediacy of 2 (path b) CH =CH___ 0
(Schem e I I ) .  2 3

Although no m echanistic work on this reaction has 0  BF= /X
been published, several related pieces of work have ap- ||
peared. I t  is generally known th a t ketene will react CH2=CHCH + CH2= C = 0  (1 )
with aldehydes in the presence of a variety  of catalysts \
to give /3-lactones. In  several cases, zinc salts of car- Zn/oAc),
boxylic acids have been shown to be effective. H age- TCH=CH2
m eyer has reported th a t ketene will react with arom atic | ¿ P
aldehydes in the presence of zinc salts of fa tty  acids to • --CHCH2C 0- —
give /3-lactones.2 Caldwell was able to isolate good 4
yields of /3-lactones by using zinc trifluoroacetate as ^ „ TT „ „

. , , r  , ,  , .  , . . .  , ,  (3) R . J . C a ld w e ll, U . S. P a te n t 2 ,739,158 (1956).
catalyst lor the reaction of ketene with aliphatic aide- (4> g . N a tta ,  g . M a z z a n ti,  g . f . P rega g iia , a n d  g . Pozzi, j . Poiym. sti., 
hydes.3 68 ,1 2 0 1  (1962).

(5) H .  J. H a gem eyer, U .  S. P a te n t 2 ,478,388 (1949).
(1) I t .  N .  L a ce y, Advan. Org. Chem., 2, 213 (1960). (6 ) E . W . W h ite  in  “ A c ro le in ,”  C . W . S m ith , E d ., J o h n  W ile y  a n d  Sons,
(2) H .  J . H agem eyer, U . S. P a te n t 2,466,420 (1949). In c .,  N e w  Y o rk ,  N .  Y . ,  1962, p 142.

•
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ta in ed  no b an d s c h a ra c te ris tic  of la c to n e  3 . In  o rd er 4-Hexene-l,3-diol.— Ethyl 3-hydroxy-4-hexenoate was pre-
to  d eterm in e if la c to n e  3  could h a v e  been  an  in term ed i- P.ared in 60 % >’ield by tha Reformatsky reaction of ethyl bromo-

■ j.1______ _ , •__ r .  , ,  • , ,  , , , zinc acetate with crotonaldehyde under the conditions described
a te  in  th e  fo rm a tio n  of 4, th e  zinc a c e ta te  c a ta ly z e d  by Fischer and L5wenberg.9 'The hydroxy ester (26 g, 0.16 mol)
re a ctio n  w as carried  o u t W ith 3 in itially  p resen t. D u r-  was reduced with lithium aluminum hydride (5.95 g, 0.156 mol)
ing re a ctio n  th e  la c to n e  w as n o t con su m ed  an d  w as re - in ethyl ether giving 15 g (79% ) of 4-hexene-l,3-diol, bp 80-85°
covered  b y  d istilla tion  from  th e  re a c tio n  m ix tu re . In  (2 mm). The sample was identical (vpc, ir, nmr) with that
th is  re a ctio n , th en , th e  p o ly ester w as n o t form ed  b y  obtained above. The mass spectrum of this material possessed

polym erization 0 1  an interm ediate p-lactone, but m ust 1 16.0837).
h av e  arisen  b y  a  p rocess n o t in volving th e  lacto n e . Attempted Preparation of 2 .—A four-necked 500-cc reaction

A lth o u g h  th e  m ech an ism  fo r th e  d ire c t con version  flask equipped with a stirrer, thermometer, condenser, diffusion
of k eten e an d  ald ehvdes to  p olyesters  in  th e  p resen ce tube- and dr°PPin« funael was charged with dry toluene (250 cc)

r . , t  - i i i  - i , , and boron triflucride etherate (4 cc). 1 o this was simultaneously
of zinc ca rb o x y lic  acid  sa lts  is unknow n a t  p resen t, it  added ketene (60 g> 1A  mol) and crot0naldehyde (70 g, 1.0 mol);
is in terestin g  to  n o te  th a t  zinc a c e ta te  is p rob ab ly  n o t the temperature was maintained at —25°. After complete
a ctin g  as a  L ew is acid . In  th e  re a c tio n  of k eten e  w ith  reaction, the catalyst was destroyed with sodium acetate (3.5 g),
acrolein  (eq 1 ), b oron  trifluoride, a  s tro n g  Lew is acid , and the nmr spectrum of the cold solution was scanned. The
leads to  /3-la c to n e  fo rm atio n , w h ereas zinc a c e ta te  leads “mr sPectr,u"1 cont? ,ned no. ^sorption bands in the region be- 

. , .  . , , /  , tween 3 and 4 ppm, the area in which hydrogens a  to the carbonyl
to  fo rm atio n  of th e  p o ly ester. A lso, n -b u ty lz in c  an d  group of/3-lactones absorb.
eth yl b rom ozin c a ce ta te -w h e n  used  as c a ta ly s ts  g ive as Preparation of 3 .— The apparatus and procedure were the 
high a  yield  of p o ly ester as  does zinc a c e ta te . same as used in -.he attempted preparation of 2. Acrolein (56 g,

A n  in terestin g  m ech an istic  p ossib ility  for th is  re a c -  ^  “ ol> and ^ e n e  (59 g 1.4 mol) were simultaneously added 
. -j ,i • .• c i . • ' . , to the boron tnfluonde solution at — 25 . Destruction of the

tion  involves th e  in sertio n  of k eten e  in to  th e  zm c c a ta -  catalyst and distliiation gave 71 g (72% ) of 3: bp 44-48° (4 mm)
ly s t to  form  a zinc alk yl com p o u n d .7 T h e  zm c a lk y l [lit.6 bp 45-50° (3 mm )]; ir (neat) 5 .4  (/3-lactone C = 0 )  and 8.0
could th en  ad d  to  a  m olecule of ald ehyde, as  in  th e  y (COOC); nmr (neat) 3.18 (dd, l ,  C (= 0 )C H ), 3.69 (dd, 1,
R e fo rm a tsk v  re a ctio n , to  give a  zinc alk oxid e. I n -  C (= 0 )C H ), 5.3 (m, 3 ), and 6.11 ppm (m, 1, O CH ).

sertion  of k eten e in to  th e alk oxid e w ould re -fo rm  (1^ 1 S  < »  S
a zinc alk yl species w h ich  could  con tin u e  th e  p olym er- wag cbarged into a four-necked 500-cc reaction flask equipped 
iz a tio n .8 with a stirrer, thermometer, gas diffuser, and condenser. Ketene

(70 g) was passed into the solution, but only a fraction of this 
Experimental Section (14 g) was absorbed. The reaction mixture was purged with

Boiling points are uncorrected. The ir spectra were obtained nitrogen and distilled. Besides solvent and acrolein, there was
with a Baird-Atomic Model AB-2 spectrometer using sodium obtained lactone 3 (27 g) and residue (22 g). Analysis of the nmr
chloride cells. Nmr spectra were determined at 60 MHz with spectrum of the crude reaction mixture indicated that 36 g of 3
Varian Associates A-60 spectrometers. Field position values are was present prior to distillation, 
recorded in parts per million relative to tetramethylsilane as an
internal standard. Nmr peak multiplicities are abbreviated as R e g is try  N o .— K e te n e , 4 6 3 -5 1 -4 ; 4 -h e x e n e -l,3 -d io l, 
follows: s (singlet), d (doublet), t (triplet), dd (doublet of 2 4 6 5 5 -6 6 -1 ; 3 ,7 3 7 9 -7 4 - 0 .
doublets), and m (multiplet). Mass spectra were recorded on an
A EI Model MS 902 spectrometer. Molecular weights were (9) F G Fischer ani K. Lo w e n b e rg , Chem. Ber., 66, 669 (1933).
determined by vapor phase osmometry by European Research
Associates, Union Carbide Corp. ----------------------------

Poly(3-hydroxy-4-hexenoic acid) (1).— To a 5-1. four-necked
reaction flask equipped with a stirrer, thermometer, condenser, R o u t e s  t o  2  1 9 -O x id o -A 4'6- 3 - k e t o  S t e r o i d s
and ketene diffuser were added crotonaldehyde (1260 g, 18.0 
mol), toluene (2400 cc), and zinc isovalerate (13.5 g). Ketene
(662 g, 15.7 mol) was added over a period of 6 hr while the tern- G. K ruger and A. Verw ijs
perature was maintained at 25°. During this time only 3 g of
ketene came through the reaction zone unchanged. The reaction Ayerst Laboratories, M ontreal, Quebec, Canada
mixture was purged with nitrogen for 15 min, then stripped of
solvent and excess crotonaldehyde under vacuum. The poly- Received October 15, 1969
ester, obtained as a residue from the distillation, weighed 1576 g 
(90% based on ketene): mol wt, 1200; ir (neat) 5.75 ( C = 0 ) ,
8.06 (COOC), and 10.43 y (C = C ); nmr (CDC13) 1.68 (d, 3, S a tu ra te d  2 ,1 9 -o x id o -3 -k e to  stero id s h a v e  re ce n tly  
J  =  6 Hz, CIICH 3), 2.61 (d, 2, J  =  7 Hz, CH2CO), and 5.6 b een  p rep ared  fro m  th e  corresp on d in g 2 /3 -h y d ro x y -3 a -  
pp™ _______ • u+i,:____ a c e ta te s .1 A tte m p ts  to  co n v e rt th ese  k eton es in toReduction of 1.— To a stirred suspension of lithium aluminum . , \  1 lb f  A *
hydride (10.6 g) in ethyl ether (650 cc) was added a solution of 1 th e ir  con ju g ated  an alogs1» failed , h ow ever an d  th e
(50 g) in ethyl ether (250 cc) a t a rate such that gentle reflux was s te ric  d eform ation  in du ced  b y  th e  2 ,1 9 -o x id e  bridge h as
maintained. After complete addition, the mixture was stirred b een  m ad e  responsible fo r th is. W e w ish to  re p o rt th e
for 2 hr, then quenched with water (25 cc). The ether solution p re p a ra tio n  of 2 ,19-O xid o-4 ,6-d ien -3-on e (1 3 ) from  2 -
was darified by filtration, dried over magnesium sulfate and halo_1 9 . a c e to x y _A4,6_3 _k eton es H  an d 12 b y  h yd rolysis
distilled through a 7-in. glass helix column to give 62 g (62 /0) ol J c u ■,
4-hexene-l,3-diol: bp 82-85° (1 mm); ir (neat) 2.9 (O -H ) and an d  co n co m ita n t su b stitu tion  of th e  h alogen  a to m s
5.92 y (C = C ); nmr (CDC13) 1.72 (d, 3, J  =  4 Hz, CH 3), 1.70 in  p osition  2  b y  th e  lib erated  1 9 -h y d ro x y  grou p.
(m, 2, CH2), 3.69 (t, 2 , , /  =  5 Hz, CH2OH), 4.20 (m, 1, CHOH), T h e  syn th esis  com m en ced  w ith  3 /3 -a ce to x y -5 a -ch lo ro -
4.52 (s, 2, OH), and 5.56 ppm (m, 2, HC==CH). The mass 6 ,1 9 -o x id o a n d ro sta n -1 7 -o n e  ( l ) . 2 In  view  of th e  sub- 
spectrum of this material possessed a parent molecular ion at , , u  onnoarpH
rn/e 116.0833 (C6H I20 2 required 116.0837). seq u en t h alogen atm g re a ctio n s  p lann ed, it  a p p eared

A nal. Calcd for C6Hi20 2: C, 62.07; H, 10.35. Found: C, desirable to  p ro te c t  th e  o xy g en  fu n ctio n  in  p osition  1 /
62.30; H, 10.38. b y  a n  e ste r grou p. T h e  p iv a Ja te  w as ch osen , a s  i t

(7) F o r  s im ila r  reac tions , see L . C . W ille m se n s a n d  G . J. M .  v a n  d e r „  _ .  n /u \  m
K e rk , J. Organometal. Chem., 4 , 241 (19 6 5 ); I .  F .  L u ts e n k o , V . L . Foss, a n d  (1) (a) R . Kbvok a nd  M .  E. W o lff,  J. Org. Chem 2S, 423 (1963), (b ) M .
N . L .  Iv a n o v a , Dokl. Akad. Nauk SSSR, 141, 1270 (E n g l)  (1961). E . W o lf f,  W . H o , a n d  R . K w o k , Sierotds, 5 .1 , 1 (1964). .

(8 ) M .  F . L a p p e r t  a n d  B . P ro k a i, Advan. Organometal. Chem., 5 , 242 (2) J . K a lv o d a , K .  H e usle r, H .  Ueberwasser, J. A n n e r, and  A . W e tts te in ,
( 1 g 67) H e lv. Chim. Acta, 46, 1361 (1963).
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allowed for a  selective hydrolysis of the 3 -acetate . 9. T h e conversion of 2-halo-6,19-oxides 8  and 9 to
T h e  17-keto group of 1 was reduced with sodium A4’6-3-ketones 11 and 12 was achieved by heating the
borohydride to the 17/3-alcohol 2, which gave 3 on two oxides in acetic anhydride in the presence of
heating with pivaloyl chloride in pyridine. B ase- p-toluenesulfonic acid. Considerably m ore p-toluene-
catalyzed hydrolysis in m ethanol gave th e  3/3-alcohol 4, sulfonic acid was required for the effective opening of
which on oxidation with chrom ic acid in acetone and the cxide ring of the 2-halo-3-ketones 8  and 9 th an  has
subsequent treatm en t of the reaction  product 5 with been found necessary for the opening of the oxide ring
pyridine gave A4-3-ketone 6 . T he 2-chloro derivative of ketone 6  under com parable conditions . 5 B o th  the
8  was prepared via ethoxalyl derivative 7 by a modifica- 2 -chloro-A 4’6-3-ketone 11 and the 2-fluoro analog 12
tion of the m ethod of Y asu d a . 3 T reatm en t of the gave readily the 2,19-oxide 13 on treatm en t of their
ethoxalyl derivative with perchloryl fluoride in m etha- m ethanolic solutions with excess base a t  room  tem p era-
nolic sodium carbonate 4 gave the 2-fluoro-A 4-3-ketone ture or on refluxing of the m ethanolic solutions with

aq ueous h y d ro ch lo ric  acid . A t no tim e  d u rin g  th e  
0  hyd rolysis could th e  fo rm atio n  of a  free 19 -a lco h o l be
ii o b served  as in d ica te d  b y  tic .

R2  0 — C Xn another route, 6,19-oxido-A 4-3-lcetone 6  was
y j / l  converted into 3-acetoxy-2 ,4 ,6-trien e 10 by trea tm en t

T ___ J  __ i Jf ___ J  with isopropenyl aceta te  and p-toluenesulfonic acid . 6

Selective chlorination a t  position 2 with calcium  
hypochlorite gave 11 and hence 13 as before. N on- 

RiO ^  reductive ring opening of 6,19-oxido-A 4-3-k eto  steroids
5  has previously been accom plished w ith acetic anhydride

1, Rx =  Ac; R2 =  0  in presence of p-toluenesulfonic acid and the correspond-
9 H ing 19-acetoxy-A 4’6-3-ketones were obtained . 7

2 , R, =  Ac; R2  = — H T he a. position has been assigned to the halogen
atom s in A4-6-3-ketones 11 and 12 as then the ease of the  

jj 2,19-oxide form ation could readily be explained b y  an
0  0 — i nt r amol eul ar  Sn2 mechanism  in which the /3 -orien tated

■r a .-r _  L  w 19-hydroxy group substitutes the a-halogen atom s by
3, 1 — c,R2 -  rear axxa ck 0 n carbon atom  2. T he a position of the

9  halogen atom s of compounds 8 , 9 , 1 1 , and 1 2  has also
q __q /  b een  established  b y  com p arison  of th e ir  i r ,3 u v ,3 an d

4 _  j j . jj _  I ^  nm r8 sp ectra  with those of previously prepared analogs.
> 1 -  1 ^2 - j__ The 2,19-oxide bridge in 13 is confirmed b y com parison

of its nm r spectrum  with those of previously prepared  
q  0  2 ,19-oxido steroids . 9

II .  II .
9  ^ \  9  ^ NT Experimental Section10

AcO 6,19-Oxido-17/3-pivaloxyandrost-4-en-3-one (6 ).— Toasolution
"A ____ | p  k [ ____ | of 10 g of l 2 in 300 ml of methanol was added at 0° 0.80 g of

sodium borohydride over 2 min with stirring. After being stirred 
II J  1 ^  -1 1 I for m’n 4n an 4ce l)a(-l1> mlxture was poured into 300 ml of

2 N  aqueous sulfuric acid. The precipitate was filtered off, 
10 H washed well with water, and dried at 80° under high vacuum for

/  | 16 hr yielding 9.0 g of 2 as indicated by tic.
J  6 , R =  H A gtirred mixture of 2 g of 17 alcohol 2, 10 ml of pyridine, and 2

j  OH O ml of pivaloyl chloride was slowly heated to 100° during 1 hr and
I  I II kept at this temperature for 30 min. The mixture was then

j  7, R =  C C OEt poured into 50 ml of water with stirring. The precipitate of
J  H crude 3 was filtered off, washed well with water, and dried at 50°

J  | under high vacuum for 16 hr. The total crude product of 3 was
J  8 , R =  — Cl then suspended in 20 ml of methanol and stirred wdth 0.1 g of

/  H potassium hydroxide at room temperature for 2 hr. The sus-

/  9, R =  L -F
r  (4) C . D je ra ss i, " S te ro id  R e a c tio n s ,"  H o ld e n -D a y  In c .,  San F ra n c isco ,

C a lif. ,  1963, p p  165-166.
0  0  (5) G . K ru g e r, u n p u b lis h e d  w o rk .
|  |  (6 ) D . J . M a rs h a ll,  u n p u b lis h e d  resu lts , has p r io r  to  us used th is  m e th o d

q  q  /  q  0  /  fo r  th e  r in g  o p e n in g  o f th e  17-ketone a n d  th e  17/3-benzoxy a n a lo g s  o f  6 .
I \  I \  W e  are  in d e b te d  to  D r .  M a rs h a ll fo r  p ro v id in g  us w ith  th e  e x p e rim e n ta l

. v N .  d e ta ils  o f th is  n o ve l and  ra th e r  c le a n ly  p roceed ing  re a c tio n .
| | ___ j | (7) K .  H e usle r, J . K a lv o d a , C h . M e y s tre , H . U eberw asser, P . W ie la n d ,

R s<s / ----------  J- A n n e r, a nd  A . W e tts te in ,  Experientia, 18, 464 (1962).
'j *Y  I T  (8 ) N .  S. B hacca and  D . H .  W illia m s , “ A p p lic a t io n  o f N M R  S p e c tro sco p y
J l  YL A J . J  in  O rg a n ic  C h e m is try ,”  H o ld e n -D a y , In c .,  San F ra n c isco , C a lif . ,  1964, p p

4 6 -5 2 .

| |  R  =  Cl 13  (9) Reference 8 , p p  69-73 .
.  Y  -p _  -p (10) M e lt in g  p o in ts  were d e te rm in e d  w ith  a T h o m a s -H o o v e r  a p p a ra tu s

* a n d  are  co rre c te d . I r  spec tra  were d e te rm in e d  w i th  a P e rk in -E lm e r  spec-
_______________  t ro p h o to m e te r ,  M o d e l 21. N m r  spectra  were d e te rm in e d  in  d e u te r io c h lo ro -

fo rm  w ith  a V a ria n  A -6 0  s p e c tro m e te r; ch e m ica l s h ifts  are  re p o rte d  in  p a r ts
(3) K .  Y a suda , Chem. Pharm. Bull., 12, 1217 (1964). pe r m ill io n  d o w n fie ld  fro m  te tra m e th y ls ila n e .
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pension was neutralized with 0.15 ml of glacial acetic acid and (AM X system) centered at 2.70 (10 position, / , 0i20 =  6 Hz), 3
diluted with 20 ml of water. Filtration and washing with water protons as a singlet at 2.13 (enolic 3-acetate), 3 protons as a
gave 1.6 g of crude 3-alcohol 4. singlet at 2.03 (19-acetate), 9 protons as a singlet at 1.20 (piva-

To a solution of 1.0 g of 4 in 10 ml of acetone was added 2.0 ml late), and 3 protons as a singlet at 0.85 ppm (18 position), 
of 50%  aqueous chromic acid over 1 hr with stirring, whereupon A nal. Calcd for C28H380 6: C, 71.46; H, 8 .14. Found: C, 
the mixture was poured into 100 ml of water. The precipitate 71.56; H, 8.01.
of crude 5 was filtered off, washed well with water, and dried over 2a-Chloro-170-pivaloxy-19-acetoxyandrosta-4,6-dien-3-one(ll). 
calcium chloride overnight. I t  was then refluxed with 2 ml of Method A.— A mixture of 4.60 g of 8, 23 ml of acetic anhydride, 
pyridine for 15 min. Dilution with water and filtration gave 0.80 and 4.6 g of p-toluer.esulfonic acid was heated at 100° for 10 min
g of crude 6 which was purified by recrystallization from meth- under nitrogen, whereupon the mixture was cooled and poured
anol: mp 157-158°; X®l°H 238 m/r (e 14,320); r°axclJ 1715 in a fine stream into 115 ml of cold methanol saturated with
(pivalate) and 1776 cm -1 (A4-3-ketone); the nmr spectrum showed ammonia. The solution was concentrated to approximately 20
maxima for 1 olefinic proton as a singlet at 5.80 (4 position), 2 ml and water was added yielding, after filtration of the precipi- 
protons as a multiplet between 4 .4  and 4.8 (6 and 17 position), tate formed and drying, 4 .2  g of crude 11, Xmax 285 mp, which by
2 methylenic protons as a quartet ( J  =  8 Hz, 5a — 6b =  0.70 tic was identical with the pure product prepared by method B
ppm) centered at 3.85 (19 position), 9 protons as a singlet at 1.21 and which was used for the preparation of 2,19-oxide 13. 
(pivalate), and 3 protons as a singlet at 0.90 ppm (18 position). Method B .— A solution of 13 g of 10 in 26 ml of benzene was 

A n al. Calcd for C24H340 4: C, 74.57; H, 8 .87. Found: C, shaken with a solution of 49 ml of acetic acid and 13 g of calcium
74.69; H, 8 .73. hypochlorite in 2600 ml of water for 3 min at room temperature.

2-Ethoxalyl-6,19-oxido-170-pivaloxyandrost-4-en-3-one (7).—  Extraction of the benzene phase with water, followed by evapora-
A mixture of 8 g of 6 , 8 g of 54%  sodium hydride (dispersed with tion and recrystallization of the residue from methanoi, gave 2.0
mineral oil), 8 ml of benzene (dried over sodium hydride), and 8 g of the analytically pure material: mp 95-141°; X®“ 11 285 mp
ml of diethyl oxalate was stirred under nitrogen at room tern- (e 25,800); 1745 (acetate), 1720 (pivalate), 1680 (conju-
perature for 3 hr after which time a vigorous reaction set in gated ketone), 1625 and 1595 cm -1 ( > C = C < ) .  The nmr spec-
necessitating cooling. After 4 hr the reaction mixture, which had trum showed maxima for 2 olefinic protons as a singlet at 6.16 (6
thickened considerably, was treated with 400 ml of hexane and and 7 positions), 1 olefinic proton as a singlet at 5.92 (4 position),
200 ml of partially frozen 1 N  aqueous hydrochloric acid. A 1 proton as a pair of doublets (AM X system) centered at 4.93
yellow precipitate formed which was filtered off, washed with ( / 20,ia =  13, Jrf.-#  = 6 Hz; 20 position), 1 proton as a broad
hexane and with water, and dried over calcium chloride yielding triplet between 4.40 and 4.75 (17 position), 2 methylenic protons
9.5 g of crude 7: tic on silica gel with ethyl acetate-benzene as a quartet (J  = 12 Hz, 5a — 5b =  0.22 ppm), centered at 4.31
(1 :4 ) showed only a single extended spot and no starting ma- (19 position), 1 proton as a pair of doublets centered at 2.85
terial; r»«clJ 1620 cm -1 (strong, -C O C = C O H -?) in addition to (Jip.ia  =  12, J ,0i20 =  6 Hz; 10 position), 3 protons as a singlet 
strong carbonyl bands around 1720 cm -1. at 2.05 (acetate), 9 protons as a singlet at 1.22 (pivalate), and

2a-Chloro-6,19-oxido-170-pivaloxyandrost-4-en-3-one (8) was 3 protons as a singlet at 0.90 ppm (18 position), 
prepared from crude 7 by the method of Yasuda3 using pyridine A nal. Calcd for C2eH3505Cl: C, 67.60; H , 7 .63 ; Cl, 7.86. 
and 1.2 mol of N-chlorosuccinimide. Recrystallization from Found: C, 67.64; H, 7 .80; Cl, 7.66.
methanol yielded the pure sample: mp 209-212°; X®‘°H 240 2a-Fluoro-A4'6-3-ketone 12 was obtained from 9 as an oil (Xmax 
m/i (e 13,500); r™xcl! 1720 (pivalate) and 1690 cm -1 (2a-chloro- 284 mu) by the ring-opening procedure above used for the prep- 
A4-3-ketone). aration of 11 from 8 . I t  was not further purified but used for the

A nal. Calcd for C24H330 4C1: C, 68.46; H, 7 .92. Found: next reaction.
C, 68.28; H, 7 .61. 2,19-Oxido-170-pivaloxyandrosta-4,6-dien-3-one (13).— A solu-

2a-Fluoro-6,19-oxido- 170-pivaloxyandrost-4-en-3-one (9).—A tion of 0.72 g of potassium hydroxide and 3 .6 g of crude 11 in 72 ml
mixture of 2.0 g of 7 and 0.43 g of sodium carbonate in 20 ml of of methanol was left to stand at room temperature for 1 hr,
methanol was heated at 60° under nitrogen until all material had whereupon 1 ml cf glacial acetic acid was added. The methanol
dissolved. The solution was cooled to 0° and then treated with was removed at reduced pressure, and the residue dissolved in a
a fine stream of perchloryl fluoride gas for 3 min, whereupon it mixture of ethyl acetate and water. The organic phase was
was boiled under nitrogen for 5 min. Addition of water followed treated with charcoal, filtered, and dried with sodium sulfate
by recrystallization of the precipitate from methanol gave 0.6  g yielding, after evaporation and digestion of the residue with
of the analytical sample: mp 218-219 .5°; X®‘axH 238 mju (e methanol, 1.8 g of crystalline 2,19-oxide 13. Recrystallization
15,300); >wcl! 1715 (pivalate) and 1695 cm -1 (2a-fluoro-A4-3- from methanol yielded the pure product: mp 171 .5-172.5°;
ketone, overlaps with peak at 1715 cm -1). The nmr spectrum X®,°H 285 m^ (e 26,880); j w 0" 1715 (pivalate), 1670 (A4'6-3-
showed maxima for 1 olefinic proton as a doublet ( J  = 4 Hz) ketone), 1615 and 1575 cm -1 ( > C = C < ) ;  the nmr spectrum
centered at 5.85 (4 position), 0 .5  proton as a pair of doublets showed maxima for 2 olefinic protons as a singlet at 6.20 (6 and
( / 2/3,ia =  14, <72/3,10 =  6 H z)11 centered at 5.35 (20 position), 2.5 7 positions), 1 olefinic proton as a doublet ( /  = 2 Hz) centered at
protons as a multiplet between 4.38 and 4.90 (6 and 17 positions 5.72 (4 position), 1 proton as a broad triplet between 4.50 and
with the remaining 0.5 20 proton, / 20,F ~  45 H z) ,11 2 methylenic 4.85 (17 position), 1 proton as a pair of doublets (A M X system)
protons as a quartet ( J  = 8 Hz, 5a — 5b =  0.65 ppm) centered at centered at 4.34 ( J 2a,iff =  6 , J 2a.ia =  2 Hz; 2a  position), 2
3.89 (19 position), 9 protons as a singlet at 1.19 (pivalate), and 3 methylenic protons as a quartet ( J  =  8 Hz, 5a — 5b =  0.45 ppm)
protons as a singlet at 0.89 ppm (18 position). centered at 3.82 (19-position), one proton as a pair of doublets

A nal. Calcd for C24H330 4F : C, 71 .3 ; H, 8 .21. Found: centered at 2.39 ( / , 0,1a =  11.5, / 10,2a =  6 Hz; 0 position), 9
C, 71.13; H, 8 .31. protons as a singlet at 1.20 (pivalate), and 3 protons as a singlet

3,19-Diacetoxy-170-pivaloxyandrosta-2,4,6-triene (10).— A so- at 0.85 ppm (18 position), 
lution of 20 g of 6,19-oxido-170-pivaloxyandrost-4-en-3-one (6 ) A nal. Calcd for C24H320 4: C, 74.95; H, 8 .39. Found: C,
in 40 ml of isopropenyl acetate was refluxed in presence of 2 g of 74.91; H, 8.11.
p-toluenesulfonic acid for 2 hr under nitrogen, whereupon it was Crude 2-fluoro-A4'6-3-ketone 12, when subjected to alkaline
extracted five times with 50 ml of water, dried with sodium sul- hydrolysis as above, yielded a crystalline product which had an
fate, and evaporated at reduced pressure. The crystalline resi- ir spectrum identical with that of 2,19-oxide 13. 
due was recrystallized from methanol yielding 4.1 g of the analyti- When a solution of 100 mg of 2-chloro-19-acetate 11 in 2 ml of
cal sample: mp 147-148°; iw cl3 1725-1750 (broad, > C = 0 )  4 N  aqueous hydrochloric acid-methanol (1 :5 ) was refluxed for 6
and 1670 cm -1 ( > C = C < ) ;  x“ax0H 300 m/a (e 14,250); the nmr hr, working up and recrystallization from methanol yielded 8 mg
spectrum showed maxima for 2 olefinic protons as an octet (A B X  of a product, mp 169-171°, which by tic was identical with the 
system; J a b  = 10, / a x  =  2 , / b x  =  1.5 Hz) centered at 5.86 (6 fully characterized 2,19-oxide 13 prepared above. 2-Fluoro
and 7 position), 1 olefinic proton as a singlet at 5.55 (4 position), analog 12 also yielded 13 when subjected to the same acidic hy-
1 olefinic proton as a multiplet between 5.18 and 5.48 (2 position), drolysis conditions as evidenced by t.lc.
1 proton as a broad triplet between 4.4 and 4.8 (17 position), 2 
methylenic protons as a quartet ( /  =  11 Hz, 5a — 5b =  0.20
ppm) centered at 4.20 (19 position), 1 proton as a pair of doublets Registry No.—6 , 24099-40-9 ; 7, 24099-41-0 ; 8 ,
-----------------  2409 9 -4 2 -1 ; 9 ,2 4 0 9 9 -4 3 -2 ; 1 0 ,2 4 0 9 9 -4 4 -3 ; 1 1 ,2 4 0 9 9 -

(11) R e fe re n ce s , p 148. 4 5 -4 ; 1 3 ,2 4 0 9 9 -4 6 -5 .
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A cknow ledgm ent.— T h e authors are indebted to  D r. 4  in the pure form  it w as found necessary to  resort to
G . Schilling, M r. M . Boulerice, and M rs. J .  Jach n er for chrom atography.
nm r, ultraviolet, and infrared spectra and to M r. W . T he preparation of 4  has previously been achieved3 
Turnbull and M iss E .  W ieslander for m icroanalyses. by allylic brom ination of the ethylene ketal of testos-
W e would also like to  thank D r. G. S. M yers for gen- teror.e benzoate, dehydrobrom ination to the corre-
erous supplies of startin g  m aterial. sponding 5,7-diene, alkaline hydrolysis of the benzoate

in the 17 position, and acid hydrolysis of the 3-ketal
--------------------------  with dilute sulfuric acid in alcohol, while 3  has been

prepared4 by conversion of 17/3-hydroxy-4,6-estradiene- 
P r e p a r a t io n  o f  S o m e  A4 7-  a n d  A1,4'7-3 -K e to  3,17-dione into the corresponding 3 ,17/3-diacetoxy-

S te ro id s  b y  D e c o n ju g a tio n  3,5,7-trien e, sodium borohydride reduction to  the 3/3,17-
dihydroxy-5,7-diene, and subsequent Oppenauer oxida-

D. S. I r v i n e  a n d  G. K r u g e r  ‘ tion.

R ^2
Ayerst Laboratories, M ontreal, Quebec, C anada  II II

—  ri5̂  ¿ 6^D econjugation of un satu rated  ketones can  be 
achieved by deprotonation with strong bases followed by 1 R  = 0  3 R = H R = 0
acid treatm en t of the enolate anions form ed. Thus 2 R = 0H  4 R* = Me- Rj = OH
Ringold and M alh o tra1 h ave recently deconjugated | ’ |
steroidal A4-3-ketones to the corresponding A6-3-ketones, 
using potassium  i-butoxide in f-butyl alcohol for the
deprotonation and aqueous acetic acid for the subse- Experimental Section6

quent protonation while Shapiro, L egatt, W eber, and 1>4 )7-Androstatriene-3 )l 7-dione ( l ) . - T o  a solution of 10.0 g
O livetto converted A » -3-ketones into the correspond- 0f i }4 J6-androstatriene-3,17r-dicne6 in 100 ml of dimethyl sul- 
ing A '’6-3-ketones using basic reagents, such as p otas- foxide, 20 g of sodium methoxide was added in-ene portion. The
sium f-butoxide, sodium acetylide, sodium amide, mixture was stirred for 5 min in an atmosphere of nitrogen and
and sodium hydride, in aprotic solvents for the depro- poured into a stirred solution of 600 ml of ice-cold, aqueous
, ,. , , i .. . ,  i i  - 2 N  hydrochloric acid. Filtration and recrystalhzation of the
tonation  and weak acids such as acetic acid and bone precipitate from methanol-ethyl acetate (1 -1 ) gave 5.5  g of
acid for the subsequent protonation. In  some of their l,4,7-androstatriene-3,17-dione, mp 160-170°. Two further
experim ents the authors used potassium  f-butoxide as recrystallizations gave material of mp 168-170° (softening at
the base and dim ethyl sulfoxide as the aprotic solvent. 161°), X®*°H 241 nyt (e 15,803), «wcl" 1735 and 1663 cm -1
W e wish to report the preparation of some A4.7-  and (} 7'  “ d 3-ketones)- The nmr spectrum showed maxima for 4
a 1 1 7 o i j. i , j. , p n  p m  . , i olefimc protons as multiplets between 6.0 and 7.3 (1, 2, and 4
A » * -3-ketones b y  treatm en t of the fully conjugated positions) and 5.3 and 5.6 (7 position), 2 allylic protons (6 posi-
ketones with sodium m ethoxide in dim ethyl sulfoxide tion) as a multiplet between 2.8 and 3.8, 3 protons (19 position)
and subsequent reprotonation with strong aqueous as a singlet at 1.28, and 3 protons (18 position) as a singlet at
acids, such as aqueous 2 N  hydrochloric acid. W hen ° -82 PPm - „  oft 0 . , ,  „ , ,  ,
weak acids were used for the final protonation inferior c  80 56- H 7 99
yields of the desired A4»7-  or A1>4,7-3-ketones were ob- 17/3-Hydroxy-l,4,7-androstatrien-3 -one (2 ) was prepared as
tained and this w as attrib u ted  to the interm ediate for- above in 60%  yield from 17/3-hydroxy-l ,4,6-androstatrien-3-
m ation of the isomeric A6'7- and A h ^ -k e to n e s  one6 or from the 17-acetate, which was completely hydrolyzed
T h u s, w hen in  th e  d eco n ju g atio n  of 17/3-h yd ro xyan - ™ de_r som - ^j  i An j  • o 11 i • • j i • i (e 17.800), m̂ax 3,640 (O il), 3450 (OH), &nd 1661 cm (3—
d ro sta -4 ,6 -d ie n -3 -o n e  th e  b asic  m ix tu re  w as p ou red  in to  ketone). The nmr spectrum showed maxima for 4  olefinic
aqueous 2 N  acetic acid, ultraviolet analysis on the protons as multiplets between 6 .0  and 7.2 (1, 2 , and 4 positions)
ether e x tra c t showed two sharp absorption peaks a t  and 5.15 and 5.4 (7 position), 1 proton as abroad triplet between
270 and 275 mg which were considered to derive from  3 -6 and 3 -95 (17 position), 2 protons (6 position) as a multiplet
17/3-hydroxyandrosta-5,7-dien-3-one and which dis- between 2.8  and 3.5 , 3 protons as a singlet at 1.25 (19 position),

j  t } 'V : and 3 proto ns as a singlet at 0.70 ppm (18 position),
appeared on shaking the ether e x tra c t with 2 N  aqueous A nal. Calcd for CiTMOy C, 80.24; H , 8 .51. Found: 
hydrochloric acid with concom itant increase in absorp- C, 80.13; H, 8.21.
tion a t  239  mg, indicating additional form ation of the 4,7-Estradiene-3,17-dione (3) was prepared as above in 46%  
desired A4’7-3-ketone yield from 4,6-estradier_e-3,17-dione,4 mp 147-148° (lit.4 mp

/-<„„„„„ii ,, • . 1  , .  , , 148-149°), 238 m^ (e 15,100). The nmr spectrum showed
Generally the conjugated ketones were treated  with maxima for 2 olefinic protons as a singlet at f .9 (4 position)

tw o p a rts  oi sod ium  m eth oxid e in  te n  p a rts  of d im eth y l and as a multiplet between 5.28 and 5.48 (7 position), 2 allylic
sulfoxide at room temperature and in an atmosphere protons as a multiplet between 2.8 and 3.7 ppm (6 position), and
of n itrog en . T h e  b asic  re a c tio n  m ix tu re  w as p ou red  in to  3 Protons as a singlet at 0.80 ppm (18 position). Its infrared
excess 2 N  hydrochloric acid ; ultraviolet analysis on a  spectmmwas identical with that of an authentic samPle-
small sample of reaction m ixture, acidified with 2  N  (3) R . A n to n u c c i, S. B e rn s te in , R . L i t te l l ,  K .  J . Sax, a n d  K . H . W illia m s ,

hydrochloric acid, indicated the presence of only trace  J.°rg.chem., it, 1 3 4 1  (1 9 5 2 ).
„  1 p , 1 * . . t -, , ,  . ,  . .  „ (4) J . A . Z de ric , H . C a rp ic , A . Bow ers, a nd  C. D ie ra ss i, Steroids, 1, 233
am ounts of startin g  m aterial. F o r  the isolation of (i963 ).

(5) M e lt in g  p o in ts  w ere  d e te rm in e d  w ith  a T h o m a s -H o o v e r  a p p a ra tu s  and  
are  co rre c ted . I r  spec tra  were d e te rm in e d  w ith  a P e rk in -E lm e r  s p e c tro -

(1) H . J . R in g o ld  and  S. K .  M a lh o tra , Tetrahedron Lett., N o . 15, 669 p h o to m e te r, M o d e l 21; n m r spectra  were d e te rm in e d  in  d e u te r io c h lo ro fo rm
(1962).  ̂ w i th  a V a ria n  A -6 0  sp e c tro m e te r; a n d  ch e m ica l s h if ts  are  re p o rte d  in  p a rts

(2) E , L . S h a p iro , T . L e g a tt, L . W eber, and E . P . O liv e tto ,  Steroids, 3 :2 , p e r m ill io n  d o w n fie ld  fro m  te tra m e th y ls ila n e .
183 (1964). (6) P ro d u c to s  E ste ro ides , N a u ca lp a n , M e x ico .
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l7/3-Hydroxyandrosta-4,7-dien-3-one (4).—To 1.0 g of 17/3-hy- condensation of 1-olefins with aqueous formaldehyde

d̂ SSOlVed M ml dim<f yl (formalin) solutions a t  elevated tem peratures and havesulfoxide, was added 1.5 g of sodium methoxide. The mixture \ , ; « , i
was stirred under nitrogen at room temperature for 1 hr and then developed useful synthetic procedures for the prepara-
added to 66 ml of ice-cold, aqueous 2 N  hydrochloric acid with tion of 4-alkvl-l,3-dioxanes and 3-alkyltetrahydro-
stirring. The precipitate was filtered, dissolved in methylene pyran-4-ols from  representative olefins from  1-pentene
chloride, and then, after drying with sodium sulfate, chromato- through 1-dodecene.
graphed on Davidson silica gel, which had previously been T 1 i  j - ' - j  • o n  1
deactivated by treatment with wet ether for 2 hr Elution with , \ m̂ al stud!f« ^ re Car]™ J  ° u * by 2 .0  mol
methylene chloride-methanol 50 :1  gave 400 mg of a yellow ° f  1 “hexene with 4 .9  mol of 3 7 %  formalin and 8 ml of
crystalline material which, after treatment with charcoal and sulfuric acid a t 175° in an autoclave for 5 hr. Com -
recrystallization from methanol-ethyl acetate (1 : 1 ), gave 280 mg plete conversion of the starting olefin was attain ed  a t
^ „ ^ hltxl toCHrysl albne, . mF  chĉ 4 64 °  A  ¿ f ir  m m  these conditions; after distillation from  a sm all am ountloo ); Amax 239 m^ (e 15,400) and vm&x 3638 (OH), 3465 (OH) - ,  . , , , i i i
and 1662 (3 ketone) crn 'k  The nmr spectrum showed maxima of heavy residue the ^ su itin g  product was analyzed by
for 1 olefinic proton as a doublet (J  = 2 Hz) centered at 5.79 glpc and found to contain 5 %  of 2-hexanol, 4 4 %  of
(4 position), 1 olefinic proton as a multiplet between 5.1 and 4-bu tyl-l,3-d ioxan e (1), 4 5 %  of cfs,frans-3-propyltetra-
5.3 (7 position), 1 proton as a broad triplet between 3.6 and 4.0 hydropyran-4-ol (2 ) , 6 %  of a m ixture of dihydropyrans,
(17 position), 1 proton as a broad triplet between 3 6 and 4.0 an d  tra ce s  f o th e r m a te ria ls .
(17 position), 2 allylic protons as a multiplet between 2.6 and 3.5
(6 position), 3 protons as a singlet at 1.19 (19 position), and 3 q jj  Qpj
protons as a singlet at 0.68 ppm (IS position). i4 9 i

R egistry N o.— 1, 14532 -68 -4 ; 2 , 2409 9 -3 7 -4 ; 3 , C3H7CH2CH=CH2 +  2CH20  f j  +  1 |
13209-46-6 ; 4 , 13386-25-9 . ^ 0  V (T

1 2
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A study of variations in reaction param eters was 
T he mineral acid catalyzed condensation of form al- carried out in an attem p t to define optim um  conditions

dehyde with olefins is com m only known as the Prins for more selective production of either 1 or 2  from  1-
reaction .1 I t  is well established th a t straight-chain hexene. A  num ber of experim ents were conducted in
1-olefins are m uch less reactive than are substituted which the sulfuric acid concentration was varied be-
R ( R ') C = C H R "  typ es;2 1-olefins require either ele- tween 0 .24  and 0 .40  M . In  general, the higher acid
vated  tem peratures with high catalyst concentrations28- concentrations provided increased reaction  rates but
or the use of acetic acid solvent3 with substantial quan- also increased by-product form ation. R eplacem ent of
tities of strong acid catalysts. This reaction generally the sulfuric acid by phosphoric acid decreased the
leads to a rath er complex m ixture of products, m ainly reaction rate  considerably; in addition, autoclave corro-
composed of 1,3-dioxanes, 1,3-glycols, and tetrah yd ro- si0 n was m arkedly accelerated. Substitution of p ara-
pyranols,2-3 along with m inor am ounts of tetrah yd ro- form aldehyde-w ater m ixtures for the com m ercial for-
furan derivatives2b’3-4 and the alcohol derived from  malin (stabilized with ca. 1 2%  methanol) did n ot appre-
hydration of the startin g  olefin.3 ciably affect either the yield or product distribution

During the course of an  investigation of modifica- nor did rath er substantial variation  in the olefin/form al-
tions of the Prins reaction ,6 we have also studied the dehyde ratio . A  recycle of coproduct 4 -b u ty l-l,3 -

dioxane did nob affect the selectivity; the sam e relative  
»> n ow . distribution of products was obtained. V ariation  in
(2) (a) F . A ru n d a le  and  L .  A . M xkeska, Chem. Rev., 51, 505 (1 9 5 2 ), r  o o c o  _ n  A

(b) M . H e llin ,  M .  D a v id s o n , D .  L u m b ro so , P . G u ilia n i,  a nd  F . C ouseem ant, tem perature between 125 and 2 2 5  gave tUe expected
Bull. See. cum . Fr„ 2 9 7 4  (1964); (c) y . N is h im u ra  a nd  t . T a n a k a , Kogyo results. A t the lower end of the range reactions were
Regaku zasM, 7 0 ,4 6 6  (1967) slower and often incom plete while the higher tem pera-
(1 9 6 6 ). tures gave faster reaction rates and m ore by-products

(4) N .  A . L e B e l, R . N . K iesem er, and  E . M eh m e d b a s ich , J. Org. Chem., principally dihydropyrans). Indeed, a t  225° the

“ ’( » p i  R8starp, im.. 3 4 , 4 7 9  (1 9 6 9 ). condensation proceeded slowly in the absence of added
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T able I  with nitrogen, and heated with stirring at 150° for 6 hr. After
_  , „  _  cooling, the product was extracted into ether and the ether ex-
Condensation OF 1-Olefins with F ormalin" tracts were washed with sodium carbonate solution and dried

R (MgSO<); the ether was then removed. A portion of the residue
QRi OH was analyzed by glpc using the 5-ft column for the 1-decene and

JL 1-dodecene reactions and the 10-ft column for the remainder.
__Q 1= O T . +  2CH O R The  order of elution is 2-alkanol, 4-alkyl-l,3-dioxane, dihydro-

2 2 2 %  J  pyran, and 3-alkyltetrahydropyran-4-ol. The product 4-alkyl-
0  0  1,3-dioxanes (Table II ) and 3-alkyltetrahydropyran-4-ols (Table
1 2  I I I )  w ere iso la ted  b y  fra c t io n a tio n  th ro u g h  a  4  f t  X  0 .7 5  in .

Conversion, ,------ Yield,6 %------ . h e lices p ack ed  co lu m n .
R  % l  2

C2H 5 100 46 42 R egistry N o.— 1 (R  =  C2H 6), 15601 -78 -2 ; 1 (R  =
CaH, 100 41 46 C 3H 7), 2244 -87 -3 ; 1 (R  =  C 6H n), 2244 -8 5 -1 ; (R  =
° 6H“ 85 43 45 C 7H 16), 23433 -02 -5 ; 1 (R  =  C 9H 19), 24647 -61 -8 ; 2-cis
^ f T’5 H  ™ Z  (R  =  C2H 5), 24647-33-4  ; 2-cis (R  =  C 3H 7), 24647 -34 -5 ;
° 9Hl9 39 „ . , . 2-cis (R  =  C 5H u), 24647-35-6 ; 2 - a s  (R  =  C 7H 16),

a Reactions were carried out for 6 hr at 150 using 2 mol of or 7 . o m  n  n  \ oac\A7 07  q . 9 ¿«.„mo m
olefin to 4.9 mol of 37%  formalin 0.24 M  in H2SO , 6 Based on =  C 9H 19);  2 4 6 4 7 -3 7 -8  2 -(m n S (R
reacted olefin. =  C 2H 6) ,  2 4 6 4 6 -9 6 -6 ; 2-trans (R  =  C 3H 7) ,  2 4 6 4 6 -9 7 -7 ;

T able II
4-Alkyl-1,3-dioxanes

Pressure, '  Calcd, % - - ' Found, % .
R  Bp, °C mm n2»D Formula C H C H

C2H5 60-61 16 .0  1.4278 C7Hi40 2 6 4 .6  10 .8  6 4 .7  10 .9
C3H7 62-63 8 .0  1.4355 C8H160 2 6 6 .6  11.1 6 6 .7  11 .1
C5Hn 105-107 12 .0  1.4397 Ci0H20O2 6 9 .8  11 .6  7 0 .0  11 .8
C7H15 132-134 12 .0  1.4462 Ci2H240 2 7 2 .0  12 .0  7 2 .0  * 12.1
C9H19 128-130 1 .5  . . . "  ChHtbO ,' 7 3 .6  12 .3  7 3 .7  1 2 .4

0 Solidified, mp 41-42° from pentane, lit.3 mp 41.5-42.5°.

T able III
3-Alkyltetrahydropyran-4-ols

Pressure, '----------Calcd, %--------- . ----------Found, % —*-----.
R  Bp, °C mm n20D Formula C H C H

C2H 5 112-114 16 .0  1.4598 C ,H „02 6 4 .6  10 .8  6 4 .5  10 .6
C3H7 105-106 8 .0  1.4591 C8H160 2 6 6 .6  11.1 6 6 .4  1 1 .0
C5H n 9.5-99 0 .5  1.4585 C40H20O2 6 9 .8  11 .6  6 9 .8  1 1 .8
C,H i5 168-170 12 .0  1.4588 Ci2H240 2 7 2 .0  12 .0  7 1 .9  1 2 .0
C 9H19 150-154 1 .5  1.4590 CwHaA 7 3 .6  1 2 .3  7 3 .6  12 .3

acid ca ta lyst to produce the expected spectrum  of prod- 2-trans (R  =  C 6H n), 24646 -98 -8 ; 2-trans (R  =  C 7H i5),
u cts with a rath er considerable increase in dihydro- 24646 -99 -9 ; 2-trans (R  =  C 9H i 9), 2464 7 -0 0 -5 ; form al-
pyran  form ation. dehyde, 50-00-0 .

Although attem p ts to improve the selectivity  of the
Prins reaction under these conditions to either m ajor (6) All melting and boiling points are uncorrected. Olefins used were 

product were unsuccessful, this procedure does repre- Phi!Iif,s Petroleum c °- PurepGiad<L,matê - , Gas
r  . i n i  analyses were earned out on a Perkm-EImer Model 720 gas chromatograph
SGIlt R m ost convenient R Ilu  useful syntnesis of 4-Rlkyl- using 5 ft and 10 ft X  0.25 in. columns of 20%  Ucon LB-550-X  on Chromo-
1,3-dioxanes and cis,¿rans-3-alkyltetrahydropyran-4- sorb p-
ols. A  minimum of by-products is produced and the (7) Autoclave Engineers. -nc- Ene. Pa- 
boiling point difference between the dioxane and te tra -  
hydropyranol is sufficiently great th a t separation by
fractionation is easily accomplished. Table I sum- C h e m o ta x o n o m y  o f  th e  R u ta c e a e . V I I .1
marizes product yields from the condensation of a , , . , „  „
num ber of typical 1-olefins from 1-pentene through 1- A lk alo id s in  E v o d i a  z a n t h o x y l o i d e s  F .  M u e ll.
dodecene using standard conditions. I t  is apparent
th a t reaction rates are slower for the higher m olecular '!'t'
weight olefins, probably because of decreased solu- _ . , , . . „ „ . „  „i , ,  Department of Chemistry, nan Francisco State College,
bility, and m ore nearly optim um  conditions would re- San Francisc0i California 94132
quire longer reaction tim es, higher tem peratures, more
catalyst, or some com bination thereof for com plete Received August 11 1969
conversion.

. T he alkaloids occurring in Evodia zanthoxyloides
Experimental Section3 F . M uell. (R u taceae) have been the subject of an

Condensation of 1-Olefins with Formalin.—A 1-1. Magnedrive extended investigation by R itch ie and cow orkers.2
autoclave constructed of Hastelloy C7 was charged with 2 mol of
olefin, 400 g (4.9 mol) of 37%  formalin, and 5 ml of concentrated (1) Part VI. D L Dreyer and A. Lef, Phytochemistry: 1499 (1969).
sulfuric acid. (One-half quantities were used for the 1-decene (2 ) R . H .  Prager, E . R itc h ie ,  A . V . R o b e rtso n , and  W . C . T a y lo r ,  Aust.
and 1-dodecene reactions.) The autoclave was sealed, flushed J. Chem., 15, 301 (1962), and  p re v io u s  papers in  th is  series.
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During a search for limonoids in Evodia species3 we formed by treatm en t of evoxine with acid. T he direct
have had occasion to  isolate further furoquinoline form ation of evodine from  the epoxy precursor during
alkaloids from  this p lan t.4 An alkaloid, C i8H i 9N 0 5, work-up cannot be ruled out. H ow ever, in this study
mp 1 4 1 -1 4 4 ° , crystallized from  the crude ex tracts  in only evoxine (2) was obtained from  acid-catalyzed
3 %  yield. I ts  ultraviolet spectrum  was sim ilar to th a t hydrolysis of 1.
of skimmianine.6’7 T h e nm r spectrum  showed aro-
m atic resonances which com pared well with those of i 3
skimmianine.8 In  addition, resonances were present
for two m ethoxy groups, a two proton doublet in the T r y
m ethoxy region, a  one proton trip let a t  5 3 .25 , and two RO N
C -m ethyl groups. T h e  chem ical shifts of the aliphatic OCH3
resonances suggested the presence of an  epoxy group
in an isopentoxy side chian. On the basis of these 5, R =  ) — ,
d ata  and biogenetic analogy, stru ctu re 1 was ten ta - '  '—
tively suggested. Proof of stru ctu re was obtained b y  \ ¿0
mild acid hydrolysis to  give the known alkaloid, evox- 6, R =  j  \
m e (2). OH

och3 och3 7 , r = / \ _

v / )  f Y Y \ W H 8 R = \ A
X ^ O ^ y ^ N ^ o/ X ^ 0A ^ xnA ( /  *• R

R OH R An attem p t to determ ine the absolute configuration
1, R=CH 30  2, R=CH 30  0f the side chain of 1 was undertaken. One possible

w _  n  ’ approach is to  introduce an optically active chrom o-
_. „ , . . , , , , , , phore into the side chain which would adsorb to longer
Smaller amounts of a closely related less polar, ^ avel ths of the furoquinoline chromophore. Tri- 

alkaloid were recovered from the mother liquors after thiocarbonates are ideal derivatives for such studies
chromatography on alumina. The uv spectrum indi- smce th adsorb well into the visibie region12 and
cated the material was a furoquinoline alkaloid and gufficient knowled is avaiiable 0n the interpretation
was similar to that reported for■ evolitnne.» The nmr Qf thdr 0R D  and CD curves in terms of absolute con.
spectrum showed only one methoxy resonance, lh e  f. ration 13
downfield position of the m ethoxy resonance (8 4 .35 ) t r e a t m e n t  of i with potassium  m ethyl xan th ate , 
indicated the m ethoxy group was located a t  the 4  posi- under conditions which m ight be expected to give the
tion .8 T h e aliphatic resonances again indicated the trith iocarbon atei4 ielded instead only the episul-
presence of an epoxyisopentoxy group. Acid hydroly- ddg
sis of the alkaloid gave a glycol which is form ulated as
4 , analogously to evoxine (2 ). Experimental Section»6

7-Isopentenyl-5-fagarine (5 ), the isopentyl deriva-
tive corresponding to  1, is a  constituent of Ptelea aptera + Isolation -B ra n c h  ends of Evodia za^ylm desJO A S  kg) con- 
^  /T.  f  J ,  <• • t  i • j  r  j  taming seed clusters, collected June 1967, were ground and ex-
P a rry  (R u taceae). T h e furoquinoline alkaloids iound tracted with acetone. The extracts were concentrated, chloro-
in this study are reasonable biogenetic interm ediates form was added, and the solution was allowed to stand 48 hr dur-
to the furoquinoline alkaloids 2, 5, and 6 previously ing which time a crop of crystals was deposited. The product was
found b y  Cannon, et al. , »  in this sam e plant. I t  is collected to give 14 g o t  U W
n ot apparent if the different results found m  this study g  (g+ j ^  (d> j  i  H 5), 7.54 (d, J  =
are a result of geographical or seasonal differences in 3 Hz> h -2 '), 7.23 (d, H-6), 6.95 (d, J  =  3 Hz, H -3 '), 4 .3 0 ,4.17
the plant m aterial from  th a t previously used10 or if (methoxyls), 3.25 ( t , ./  = 5 Hz, epoxy proton),161.38 (C-meth-
the products previously found are artifacts resulting yls) (in CDC13). ■ .
from  the acid employed in the isolation procedures.11 ArM.;  n 54 i t ’ ’ * ’ ‘ ’ ’
The furoquinoline alkaloids, evoxine (2 ), evoxoidm e rpjc Q£ crude extracts when sprayed with Ehrlich reagent 
(6 ), and evodine (7 ), previously reported from  E .  gave indication of the presence of a polar limonoid.3'6 Solvent
zanthoxyloides h ave n ot been encountered occurring was removed from the mother liquors and the residue chromato-
naturally  in this study. Eastw ood, et a l ?  suggested graphed over alumina. Elution of the column With 50% ben-

,  J .  „  ,  . . .  .  • ,  zene in hexane eluted a nonpolar blue fluoresmg spot which proved
th a t evodine (7 )2 was n ot an artifact, since it w as n ot tQ be a monomethyl ether (3). mp 145- i 4 7 0 (EtOAc-hexane);

„  . „  , [a lD + 5 0 °  (CHCls); X®«H 247 m^ (92,000), ~ 2 9 7 , 308 (9600),
W S .  a reVleW' 866 319 (93OO), 331 <7400); nmr a 8.09 (d. J  =  9 Hz, H -5), 7.49 (d,

(4 ) T ic  o f th e  cru d e  p la n t  e x tra c ts  (see E x p e r im e n ta l S e ction ) us in g  E h r l ­
ic h ’s re a g e n t as a d e te c tin g  s p ra y  reagen t5 a lso  in d ic a te d  th e  presence o f  (12) C . D je ra ss i, H . W o lff,  D .  A . L ig h n e r, E . B u n n e n b e rg , K .  T a ke d a ,
lim o n o id s ; how ever, th e  a m o u n ts  p resen t were to o  s m a ll to  p e rm it  is o la tio n  T .  K o m e n o , and K .  K u r iy a m a , Tetrahedron, 19, 1547 (1963).
fro m  th e  p la n t  m a te r ia l on  h a n d . (13) K .  K u r iy a m a  a nd  T .  K o m e n o , "O p t ic a l R o ta to ry  D is p e rs io n  a nd

(5) D . L .  D re y e r, J. Org. Chem., 80, 749 (1965). C irc u la r  D ic h ro is m  in  O rg a n ic  C h e m is try ,”  H e yd e n  a n d  Son, L o n d o n , 1967,

(6) L .  H .  B rig g s  a n d  R . C . Camhie,^ Tetrahedron, 2, 256 (1958). p 366.
(7) F . W . E a s tw o o d , G. K .  H ughes, a n d  E . R itc h ie ,  Aust. J. Chem., 7, (14) Cf. C . G . O verfcerger a n d  A . D ru c k e r ,  J. Org. Chem.. 29, 360 (1 9 6 4 );

87 (1954). ®ee ai 8° i  A . M .  C re ig h to n  a n d  L . N .  O w en, J. Chem. Soc., 1024 (1 9 6 0 ); S.

(8) A . V . R o b e rtso n , ibid., 16, 451 (1963). M .  Iq b a l a nd  L . N  O w en, ibid., 1030 (1960).
(9) R . G . C ooke and  H .  F . H a ynes, ibid., 7 , 273 (1954). (15) N m r  sp e ctra  were ta k e n  a t  60 M H z .  T h e  re la tiv e  area o f th e  peaks
(10) D .  L .  D re y e r, Phytochemistry, 8, 1013 (1969). were co n s is te n t w i th  th e ir  assignm ents.
(11) J. R . C a nnon , G . K .  H ughes, K .  G . N e il l,  a n d  E . R itc h ie ,  Aust. J. (16) T h e  e th e r m e th y le n e  resonances were obscured b y  th e  m e th o x y

Sci. Res., A 6 , 406 (1952); Chem. Abstr., 47, 3857 (1953). resonances in  CDC1», b u t  were d is tin g u is h a b le  in  benzene.
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J  =  3 Hz, H -2 '), 7.19 (q, J  = 2 , 9 Hz, H -6 ), 6.98 (d, J  =  2 Hz, interconversion. Three such investigations are  re-
H -8 ), 6 .94 (d, J  — 2 Hz, H -3 '), 4.35 (methoxy), 4.20 (d, J  — 5 ported herewith

m e ih y k H ir C D c t? ’ ^  ^  = * Hz’ ep°Xy)’ (° '  Ferruginol ( la ) ,  a  m ajor con stitu en t,3 had to  be
^ a Z i . Calcd for C„H„NO(: C, 68.23; H , 5 .72 ; N, 4 .68. converted into dehydroabietane (lb ) , a  new n atu ral  
Found: 0 ,6 8 .1 ;  H, 5 .85; N .4 .6 1 . product and m inor constituent of the p od ocarp .4

Further elution of the column with increasing amounts of W hile in a related case one of the K enner procedures
benzene in hexane gave a further 3 g of 1. Fractions eluted with had been em ployed,6 it now was of interest to  apply
benzene and chloroform gave, after work-up, products which , , ,  f. J  , , , .  ,, , ,  A ,
corresponded to the previously reported acridones, melicopidine, the recently  discovered deoxygenation m ethod of M us- 
l-hydroxy-2 ,3-dimethoxyacridone, and xanthevoidine.11 liner and G ates.6 T reatm en t of ferruginol ( la )  with

Acid Hydrolysis of l  to Evoxine (2).— Two grams of l was 5-chloro-l-phenyltetrazole and hydrogenation of the  
added to a boiling 10% solution of oxalic acid. The solution resultant l-p h en yl-5-tetrazoyl ether over p alladium -

tracts were dried and concentrated, whereupon the product, y  y
evoxine (2), crystallized: mp 151.5-154° (lit.11 mp 155°); I | I
1.76-g yield; [«]d + 1 3 °  (EtO H ).17 The evoxine was identical
in all respects with an authentic sample provided by Professor E . I II { IJ
Ritchie.

In a similar manner 3 was converted into 4 : mp 145-147° i j I j
(EtO A c); X*‘°H 247, 277, ~ 2 9 6 , 308, 320, 332 mM; nmr 8 8.58 S + T O ^ N }
(d, J  =  10 Hz, H -5), 7.93 (d, J  =  2 Hz, H -2), 7 .75-7 .47  (m, / \ H  /\ O H
H -6 and H -8 ), 7.37 (d, J  =  2 Hz, H -3), 4.62 (methoxyl); (4 .50 - la X  =  f t  Y =  OH 2a R =  ¿-Pr Y =  OMe

4.00 (m, °> C H C H 20 )  1.40 and 1.35 (C-methyls) (in CD Ch). b, X  = Y = H  b, R = Y = H
A n al. Calcd for C17H19NO5: C, 64.34; H, 6 .03. Found: c X  =  Y =  OMe

C, 63.7 ; H, 6 .02. _
Episulfide of l . —To a solution of 0.45 g of KOH and 0.7 g of One of the minor bark constituents8 was th e  unusual 

CSj in 10 ml of methanol was added 0.8  g of l .  The mixture was B-seco-norditerpenic lactol 2a. I ts  stru ctu re  was
warmed to effect solution. After 36 hr water was added and -.„„„r_1 „ „ j  ____j • • 1 , ,-i i 1 /q\ 11 j. j  l £i4- determined. by detailed spectrRi ¿mstlysis mid by com 1™after standing overnight the product (8 ) was collected by nltra- . . , J  J  r
tion: mp 167-169° after repeated crystallization from E tO A c- parison with the lactol obtained from chrom ic acid
hexane; nmr s 7.97 (d, /  = 9 Hz, H -5), 7.58 (d, J  = 2 Hz, oxidation of 5-iso-7-ketodeoxypodocarponitrile enan-
H-2 ') , 7.24 (d, J  = 9 Hz, H-6 ), 7.03 (d, .7 = 2 Hz, H -3 '), 4 .38, tiom er.9 H ow ever, for direct stru ctu re proof a syn-
4.15 (methoxyls), 3.27 (q,18 S>CH C H 20 - ) ,  1.65, 1.63 (C- thesis of the new product was desired. In  this con-
methyls) (inC D C h). nection the incidental observation of the transform a-

A nal. Calcd for CisHwNOjS: C, 62.5; H , 5 .54 ; N, 4.34. tion of ketone 3a  into lactol 2b on oxidation with oxygen
Found. ,6 3 .0 , H , 5 .51 , N, 3.98. and potassium  ¿-butoxide,10 a reaction which under con-

R egistry N o — 1, 24099 -25 -0 ; 3 , 2409 9 -2 6 -1 ; 4 , trolled conditions converts 7-ketones into 6 ,7-diones,11
24099-27-2 - 8 ,2 4 0 9 9 -2 8 -3 . assum ed im portance. A  similar overoxidation con­

verted  sugiyl m ethyl ether (3b), another podocarp con- 
Acknow ledgm ents.— Initial studies on this problem stituent, into lactol 2a. 

were carried out a t laboratories of the U . S. D epartm en t
of A griculture in Pasadena, Calif. T h e author is in- Y 9 Me .
debted to D r. J .  A. Lam berton, C S IR O , M elbourne,
A ustralia, for a supply of plant m aterial, and to  P ro - i l l  X I
fessor E . R itchie of the U niversity of Sydney for an
a u th e n tic  sam ple of evoxin e. s __ J

(17) Johns, et al„ re p o rte d  [a ]D  + 2 0 °  (E tO H )  fo r  e vox in e  iso la te d  fro m  ^  ' P
Choisya ternata H .  B . a nd  K .  [S. R . Johns, J. A , L a m b e rto n , a nd  A . A . S io u - ^  X  =  Y = R  =  H  4
m is, Aust. J. Chem., 20, 1975 (1 9 6 7 )]. E v o x in e  p re v io u s ly  re p o rte d  fro m  E. , ’ Y  i j . v  H M  p  ■ p
zanthoxyloides show ed [<x]d + 5 °  ( E tO H ) .11 D, A  =  i r ,  I  = U IV le ,  K  =  l - r r

(18) T h is  is  th e  X  p a r t  o f an A B X  p a t te rn .  T h e  A B  p a r t  was o v e rla p p e d  C, X  — OH; Y =  OMe; R =  ¿-Pr
b y  th e  m e th o x y l resonances J  X = Y =  OMe* R =  ¿-Pr

_____________________  e, X  =  Y  = O H ;  R  =  ¿ -P r

In te rc o n v e rs io n s  c f  S o m e  D ite rp e n ic  C o n s ti tu e n ts  ° f . m ° r e . f ™ .  com ponent8 proved to  be
. cryptojaponol to which stru ctu re 3c has been assigned.12

o f  P o d o ca rp u s  f e r r u g in e u s  D . D o n . T h e site of its O -m ethyl group, the only possibly ques­
tionable point of its structure, needed confirm ation  

E rnest Wenkert, J ames d . M cChesney,1 and and a  synthesis of the n atu ral substance to  be exe-
Daniel J .  Watts2

(3) Cf. C . W . B ra n d t  a n d  L . G . N e u b a u e r, J. Chem. Soc., 1031 (1939).

Department o f  Chemistry, In d ian a  University, T £ )1j ^ : Kitada“ ’ ikosJhi’ U  Kjtahala- J - de Paiva Campello,
Bloomington, In d ian a  471,01 ( w ® *  a Wenkert’

(5) E . W e n k e r t  and  B . G . Jackson , J. Amer. Chem. Soc., 80, 217 (1958). 
Received November 19, 1969 (6) V /.  J. M u s lin e r  and  J . W . G ates, ibid., 88, 4271 (1966).

(7) E . W e n k e rt, P . B e ak, R . W . J. C a rn e y, J . W . C h a m b e rlin ,  D .  B . R .
. . . Jo h n s to n , C . D .  R o th , a nd  A . T a h a ra , Can. J. Chem., 41, 1924 (1963).

A chem ical study of the diterpenic bark constituents (8) B .  J . W a tts ,  P h .D . D is s e rta tio n , In d ia n a  U n iv e rs ity ,  1969.

of the New Zealand conifer Podocarpus ferruaineus (9) e . W e n k e rt  a n d  b . g. Jackson , j . Amer. chem. Soe., so, 2 1 1  (19 5 8 );

D n A „  ■» j  p • , £ , , (. *  . ,  E . W e n k e r t  a n d  J . W . C h a m b e rlin , ibid., 81. 688 (1959).
. D on . led fo r a  v a r ie ty  of reason s to  a  need fo r th e ir  (10) 3 . l . M y ia r i ,  u n p u b lis h e d  re su lt.

(11) 3 .  L . M y ia r i ,  P h .D . D is s e rta tio n , In d ia n a  U n iv e rs ity ,  1966.
(1) N a tio n a l Science F o u n d a tio n  C o o p e ra tive  F e llo w , 1962-1965. (12) T .  H o n d o , M . Suda, and  M . T e jim a , Yakugaku Zasshi, 82, 1252
(2) P u b lic  H e a lth  Service P re d o c to ra l F e llo w , 1966-1969. (1962); Chem. Abstr., 59, 1685 (1963).
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cuted. A  clue regarding the environm ent of the h y- chloroform gave 3 mg of royleanone methyl ether (4), mp 118-
droxyl and m ethoxyl functions of cryptojaponol cam e 120°, ir spectrum identical with that of an authentic sample,
from  a study of the pyridine solvent shift of its proton . CryPtoiaP°no} (3c).— A solution of 530 mg of lc15 and 500 mg of 
m ao-netic rpsnrmnno snP, t m m  s _  * chromium trum ds m 60 ml of acetic acid and 15 ml of water was
n ni f  ^  \' CDO, C#H6N stirred at room temperature for 6 hr. I t  was poured into 250 ml
U.Ul ppm  tor the isopropyl m ethyl groups. H ad the of cold saturated brine solution and extracted with methylene
compound been a  ll-m eth o xy -12-h y d ro xy  isomer, the chloride. The extract was washed with water, saturated sodium
proxim ity  of the hydroxyl and isopropyl groups would sodium bicarbonate, and brine solutions and dried. Solvent
have led to strong deshielding of the la tte r  in pyridine removal yielded 495 mg of oily ketone 3d homogeneous on thin
f , ,• i ,  ,  ,  6  „ , , , layer chromatography, 2 ,4-dmitrophenylhydrazone mp 215-217°.
solution. S tru ctu re 3c was confirmed when hydro- A n al. Calcd for C2,H 360 6N4: C, 64.11; H, 6 .92, N , 10.68. 
genation of cryptojaponol and subsequent oxidation Found: C, 64.36; H, 6 .83; N , 10.81.
with m-chloroperbenzoic acid yielded royleanone m ethyl A solution of 0.5 ml of freshly distilled boron tribromide in 5 ml
e th e r ( 4 ) .14 T h e  syn th esis  of cry p to ja p o n o l (3c) °f dry methylene chloride was added slowly to a solution of 250
w as accom n lish ed  in th e  fnllnwino- m a n n er P b rn m ie  mg of 3d m 20 m of methylene chloride at Dry Ice-acetone bathw as accom p lish ed  in  th e  follow ing m an n er. C h ro m ic temperature. The solution was allowed to warm to room tern-
acid  oxidation, of 1 1 -m e tn o x y fe rru g m y l m e th y l e th e r perature slowly and then was evaporated under vacuum. Water,
( l c ) 15 gave 11-m ethoxysugiyl m ethyl ether (3d). D e- 50 ml, was added to the cooled solid residue and the mixture
m ethylation of the la tte r w ith boron tribrom ide16'17 extracted with chloroform and with ether. The combined ex-
and rem ethylation of the resultant catechol 3e w ith tracts were dried and evaporated An ether solution of the solid
j -  • i j  j  ii , n , . . residue (homogeneous on tic and devoid of methoxy pmr signals)
diazom ethane yielded the natu ral product (3c). Was treated with ethereal diazomethane. Evaporation of the

solution and crystallization of the solid residue, 244 mg, from 
Experimental Section18 methanol gave cryptojaponol, mp and mmp 204-206°, ir and

. . . , , pmr spectral identical with those of an authentic sample.19
m; x m e  ,of 20? of. fe7rup n°l A nal. Calcd for C21H30O3: C, 76.39; H, 9 .09. Found: C, 

(la ), 250 mg of l-phenyl-5-chlorotetrazole, and 1.5 g of anhydrous 76.69- H 9 26 
potassium carbonate in 50 ml of acetone was refluxed for 18 hr.
The cooled mixture was filtered and the filtrate evaporated under R egistry  No. —2a , 2 4 0 9 9 -2 3 -8 ; 3c , 16755-52-5 . 
reduced pressure. Chromatography of the residue, 436 mg, on 6
g of Woelm neutral alumina, activity I, and elution with methy- A cknow ledgm ent.— T h e authors are indebted to the
lene chloride yielded 227 mg of oily ferruginyl i-phenyl-5- N ational Science Foundation  for p artial support of this
tetrazoyl ether. A mixture of 160 mg of the ether and 200 mg n
of 10% palladium-charcoal in 20 ml of 95%  ethanol was hydro­
genated at 35 psi pressure for 48 hr. Filtration of the mixture (19) T h e  a u th o rs  are  in d e b te d  to  P ro fessor T .  H o n d o  fo r  a g if t  o f a speci-
and evaporation of the filtrate under reduced pressure yielded m en o f th e  n a tu ra l p ro d u c t.

160 mg of partly crystallized oil whose exhaustive extraction with
petroleum ether gave 120 mg of clear oil. Chromatography of -----------------------------
the latter on 6 g of silica gel and elution with petroleum ether
afforded 33 mg of dehydroabietane (lb ), mp and mmp 4 2 -4 3 °, T r ic h lo r o a c e ty la t io n  o f  D ip e p tid e s  b y
ir and prm spectra identical with those of an authentic specimen,7 u  .
while elution with methylene chloride led to recovery of 81 mg of H e x a c h lo ro a c e to n e  in  D im e th y l  S u lfo x id e
starting ether. u n d e r  N e u tra l  C o n d itio n s 111

Lactol 2a.— A solution of 125 mg of sugiyl methyl ether (3b) 
in 3 ml of dry ¿-butyl alcohol was added to a potassium ¿-butoxide C . A. P anetta1» and T. G. Casanova
solution (27 mg of potassium m 5 ml of dry ¿-butyl alcohol).
Oxygen was bubbled into the mixture for 12 hr while it was being ~ , TT . . , , .  . .
stirred and kept slightly above freezing temperature. There- Department o f  Chemistry, University o f  M ississippi,
after, 16 ml of 10%  hydrochloric acid was added and the mixture University, M ississipp i 38677
extracted exhaustively with ether. The extract was dried over
anhydrous sodium sulfate and evaporated. The solid residue, Received December 10, 1969
110 mg, was chromatographed on an inverted dry column of
silica gel G. Elution with chloroform gave first 35 mg of starting H exachloroacetone (H C A ) in dim ethyl sulfoxide was 
ketone 3b and then 13 mg of lactol 2a, mp and mmp 168-170°, found to  be a convenient and inexpensive reagent for 
ir and pmr spectra identical with those of the natural lactol.8 , ,  ,•  , ,  , , . • f ,, • - , . ,

A nal. Calcd for C20H28O4: C, 72.26; H, 8 .49 . Found: C, th e  tnch loroacetylation  of the am m o m oiety m  simple 
72.43; H, 8 .31. peptides (1) a t  room  tem perature and under essentially

Royleanone Methyl Ether (4).— A mixture of 15 mg of crypto- q  j>,
japonol and 5 mg of 10%  palladium-charcoal in 8 ml of ethanol ii | | D M S O

was hydrogenated at atmospheric pressure and room temperature. C13CCCC13 +  H2N C H C 0N C H C 02H -------- >-
Filtration of the mixture and evaporation of the filtrate yielded | 25°
14 mg of 7-deoxocryptojaponol, mp 164-165° (lit.12 mp 163- R 3 12-24 h r

164.5°). A solution of the latter and 10 mg of m-chloroperbenzoic 1
acid in 5 ml of methylene chloride was left standing for 12 hr. O R 1 R 2
A solution of 100 mg of sodium sulfite in 25 ml of water was added || | !
and the mixture stirred for 1 hr. The aqueous layer was ex- Cl3CCNHCHCONGHC02H +  CHC13
tracted with methylene chloride, and the combined organic I
layer and extract was dried and evaporated. Thick layer chro- “
matography of the residue, 8 mg, on silica gel G and elution with 2 13 14 15 16 17 18

(13) P. V . D e m a rco , E . F a rka s , D . D o d d re ll,  B . L . M y la r i ,  and E . W e n k e rt, j j  K 2C O 3

J . Amer. Chem. Soc., 90, 5480 (1968). C I 3C C C C I 3 +  C I C H 2C H 2O H ------------>
(14) O . E . E d w a rd s , G . F e n ia k , and  M .  Los, Can. J. Chem., 40, 1540 3 p e n ta n e ,

(1 9 6 2 ) . 2 5 ° , 16 h r

(15) C . H .  B r ie s k o rn , A . F uch s, J . B -s. B rede nberg , J. D . M cC h e sn e y , O
a nd  E . W e n k e rt, J. Org. Chem., 29, 2293 (1964).

(16) J . F . W . M c O m ie  and  M .  L .  W a tts ,  Chem. Ind. (L o n d o n ), 1658 C I 3C C O C H 2C H 2C I  +  C H C I 3

(1963) . 4

(17) E . W e n k e rt, A . F uch s, a nd  J. D .  M cC h e sn e y , J. Org. Chem., 30, 2931 --------------------------
(1965). (1) (a) P resen ted a t  th e  21st S o u th e a s te rn  R e g io n a l M e e tin g  o f th e

(18) M e lt in g  p o in ts  were d e te rm in e d  on a R e ic h e rt m ic ro  h o t  stage a nd  are  A m e ric a n  C h e m ica l S o c ie ty , R ic h m o n d , V a ., N o v  1969; (b ) to  w h o m  in -
un co rre c te d . q u irie s  shou ld  be addressed.
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T able I
R esu lts of Neutral T richloroacetylation E xperim en ts U sing H exachloroacetone and D im ethyl S ulfo xid e“’4

N e w
c---------------------- T C A -d ip e p tid e , 2----------- ----------- - M L o f D M S O /  c a rb o n y l

Y ie ld ,  m m o l o f g ro u p , v
N a m e  o f d ip e p tid e , 1 R 1 R 2 R J M p ,  ° C C %  T ic  Rtd d ip e p tid e  ( c m -1)

Glycylglycine H H H 1 4 2 .0 -1 4 2 .5  2 8 .5  0 .2 0  3 .5 4  1750
L-Leucyl-L-leucine ¿-Bu i-Bu H 1 7 7 .0 -1 7 8 .0  8 9 .0  0 .8 0  1 .77  1710
Glycylsar cosine H H Me 173 .5 -1 7 4 .5  5 1 .5  0 .3 0  1 .47  1746
L-Valyl-L-leucine i-Pr i-Bu H 178 .0 -1 7 9 .0  5 5 .5  0 .8 0  3 .4 7  1715
L-Phenylalanyl-L-leucine Benzyl i-Bu H 1 5 5 .5 -1 5 6 .0  7 3 .2  0 .8 0  4 .1 6  1708

“ Moles of HCA: mole of dipeptide, 3 -4 :1 . 4 Reaction period is 12 hr except for glycylglycine for which it is 24 hr. c Melting points 
are corrected. d 5 0 :4 5 :5  benzene: acetone: HO Ac.

neutral conditions. T h e carboxylate group does n ot quired for the greatest yields. T hin layer chrom a-
interfere with this novel reaction. T h e foregoing tography indicated th a t the reaction was essentially
transform ation was uncovered during a general inves- com plete after 12 hr in m ost cases and probably re-
tigation of the interaction of certain  carbonyl com - quired m uch less tim e than th at. L astly , the possi-
pounds with peptides. Glycine, an amino acid, was bility of racem ization of the optically  active dipeptides,
also easily and rapidly transform ed to its trichloro- 1, during this reaction was not investigated, 
acety l derivative under similar conditions. T h e  com­
m on by-product in these reactions was chloroform
which was detected and identified by vapor phase . Experimental Section
chrom atography and by isolation and characterization. Tlie thin *a,yer chromatograms of the TCA-dipeptides, 2, were
I t  was formed in good yield. on ™ c™sc° ? e slides c° ated with 250-^ ]layer of Camag D-5

T ri- 1 TTT’i „ , 1  . silica gel. Spotting was performed using 0 .5 -1 .0  ¿d of a 1%  solu-
In  1960, Simmons and W iley reported a sim ilar tion and the solvent system was benzene-acetone-HOAc

reaction  between H C A  and ethylenechlorohydrin (3 ) (5 0 :4 5 i5 ). The zones were detected as yellow areas on a purple
which afforded an ester of trichloroacetic acid (4). background after spraying with a 0 .5%  aqueous K M n 04 solution
This reaction bears a close resem blance to the type sometimes followed by heating. Cited R t values are approximate,
j  ■, , ■ ,, ■ , ,, , N-Trichloroacetylglycylglycine (2, R1, R 2, R3 =  H ).— A mix-
descnbed m  this p aper; however, the basic conditions ture of 0.749 g (5 .67 mmol) of glycylglycine, 3.44  ml (6.0  g, 22.6
reported by these workers were not necessary when a mmol) of hexachloroacetone, and 20 ml of dimethyl sulfoxide
m ixture of H C A  and D M SO  was used as the acylation was magnetically stirred for 24 hr at room temperature in a flask
reagent equipped with a drying tube. Complete solution occurred after

M ore recently, two Russian workers described the 60 Gas-liquid chiromatogirap*ie (*s column <h2i5 in.
I l l *  r. ,. • -  M TTn. X 2 m, 20%  dodecyl phthalate on GC-22, 60-80  mesh, He

trichloroacetylation  of arom atic amines, 5, with H C A  carrier gas) analysis showed a peak with the same retention time
in an aqueous m ixtu re.3 T h e results of this procedure as that of authentic chloroform. The yellow reaction solution

was diluted with 60 ml of water and was then extracted with three 
O NH2 O 30-ml portions of n-BuOH. The butanol extract contained a
II JL H,o II / ^ \  fast zone (assumed to be the product) and a zone of DMSO.

CCI3CCCI3 +  ► CI3CCNH— \ ( y i )  The product was separated from the DMSO by passing the mix-
Iv N J ture through a column of silicic acid (100 mesh) using acetone as

the eluting solvent. The oily product was crystallized from 
methyl isobutyl ketone: yield 0.45 g (28.5% ).

were variable. W hen R  was hydrogen, m ethoxy, or This product was identical in all respects (thin layer f t  values,

m ethyl, trichloroacetylation  was accom plished a t  room 0f glycylglycine with trichloroacetyl chloride or with trichloro- 
tem perature. W hen R  was m- or p-chloro, heating acetic anhydride.
w as req u ired , an d  w hen R  w as o-chloro o r o-n itro , no Anal- Calcd for C«H,Cl3N20 4: C, 25.96; H, 2 .52 ; N , 10 .0 1 ; 
re a c tio n  w as observed . C l,3 8 .3 6 . Found: C ,2 6 .1 7 ; H , 2 .68; N, 10.16; 0 1 ,3 8 .3 1 .

Table I  summ arizes our work on the trichloroacetyl- t h e t , f t 1e p a r a t i o n  ,o f  Water-Insoluble
o J- x -j  ,  • • TXTrnrx , 1 CA-Dipeptides, 2 .— This method was employed for all of the

ation of dipeptides, 1, using H C A  m  D M SO  under dipeptides in Table I except glycylglycine. 
neutral conditions. All of the products, 2 (T C A - N-Trichloroacetyl-L-leucyl-L-leucine (2 , R1, R2 = i-Bu, R3 = 
dipeptides), were new compounds. T C A -glycylgly- H)-— A mixture of 0.275 g (1.12 mmol) of L-leucyl-L-leucine,
cine was characterized by elem ental analysis. T C A - ° :6? . ml ,(L ,04 3; 94 mmo1) of hexachloroacetone, and 2.0  ml

„ , , rr r , . '  T , 1 1 - - i  of dimethyl sulfoxide was placed in a dry flask protected with
glycylsarcosm e and TCA-L-leucyl-L-leucm e were iden- a drying tube. After about l hr of magnetic stirring, a clear
tined by infrared spectral d ata  and by thin layer chro- solution resulted. Glpc analysis again indicated the presence
m atographic com parison with the product obtained °f chloroform in this solution (see previous procedure). Stir-
from  the reaction of the dipeptide and trichloroacetyl rmg was continued at room temperature for l l  hr, after which
chloride in aqueous base. TCA-L-valyl-L-leucine and the Pu°u[ed into te?  uimes its ,yolunie 1ofTT'A T i T i /  i ’ l l  crushed ice. The sond which precipitated was collected by
■ C L-phenylalanyl-L-leucme were characterized by filtration, thoroughly washed with cold water, and dried. The
infrared spectral d ata. T he yields were generally crystals weighed 0.39 g (89% ) and were homogeneous according
good except in the case of TCA -glycylglycine. T h e layer chromatography. This product was then dissolved
w ater solubility of this product made a m ore tedious in a minimum amount of methyl isobutyl ketone and crystalliza-

is o H io n  procedure necessary. No
attem p t was m ade to  establish the optim um  tim e re- data (see Table I), and by direct comparison of the thin layer R i

,r t_< value of this product with that of the product obtained from the
(2) H . E . S im m ons a n d  D . W . W ile y , J. Amer. Chem. Soc., 82, 2288 

( I9 6 0 ). --------------------------

J 3) V; , P ' R u f a v s k ii a n d  L  G - K h a s k in ’ Vkr. Khim. Zh„ 33, 391 (19 6 7 ); (4) M ic ro a n a lyse s  were p e rfo rm e d  b y  M id w e s t M ic ro la b , In c .,  In d ia n -
Chem. Abstr., 87, 63963 (1967). apoliSi I n d . M e lt in g  p o in ts  were co rre c te d .
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reaction between L-leucyl-L-leucine and trichloroacetyl chloride S tartin g  m aterial for synthesis of cfs-N .N '-dicarbo-

N-Trichloroacetylglycine.— Glycine, 1.00 g (13.35 mmol), 8 benzyloxy-5-am m o-DL-prohne (5) was N-carbobenzyl-
ml (13.98 g, 52.25 mmol) of hexaehloroacetone, and 25 ml of oxy-DL-pyfrollarne-2 ,5-dicarboxylie acid anhydride.4
DMSO were magnetically stirred at room temperature for 24 hr. T his compound w as transform ed to  the corresponding
The reaction solution was diluted with 85 ml of water and the monoazide 4  and gave 5 through the C urtius reaction,
reaction solution was diluted with 85 ml of water and the resultant C ata ly tic  hydrogenation (palladium  on charcoal in
mixture was extracted with three 50-ml portions of n-BuOH. • is * • tvt tvt/ j - , i ,
The butanol extract was chromatographed on a silicic acid column. acetic acid) of C7S-N,N -dlcarbobenzyloxy-5-amino-DL-
A mixture of benzene, acetone, and methanol (5 :4 :1 )  was the proline led to proline, which was recognized as the
eluting solvent. A DMSO-free oil was obtained which crystal- N-2,4-dinitrophenyl derivative,
lized from methyl isobutyl ketone and petroleum ether (bp 
30 -6 0 °). The yield of product was 1.88 g (63 .7% ); mp 130.0-
130.5° (lit.6 131-132°). This product was identical (thin layer \j— \4
Ri value, melting point, and ir spectra) with that obtained from ^  / j
the reaction of glycine with trichloroacetic anhydride. t  J,

Larger scale preparations of N-trichloroacetylglycine showed I
that the reaction with hexaehloroacetone in DMSO is exothermic.
In one such preparation (0.134 mol of glycine) the reaction solu- fo rm s  o n ly  are sh o w n )

tion was poured into about 100 ml of water and the resultant C o m p d  Ri R2 Rs Ri
solution was distilled at atmospheric pressure. At 60° (vapor 1 H COCH3 COOH NHCOCEb
temperature) a distillate was collected which was identified as \ fi n o r i r  rnN irN rir M w rn n ir3
chloroform by its gas chromatography retention time and by its 4 C0Ns COOCH2C6H6 COOH ‘ H *
infrared spectrum: yield, 13.32 g (0.112 mol). s NHCOO- COOCH2C6H5 COOH H

CHoC6H5
R egistry I fo .—H exaehloroacetone, 116-16-5 ; 2 (R 1 

=  R2 =  R s =  H ), 2 4 2 9 9 -4 7 -6 ; 2 (R 1 =  R 2 =  i-  „  . , e . ,
B u ; R 3 =  H ), 2 4 2 9 9 -2 5 -0 ; 2 (R 1 =  R 2 =  H ; R 3 =  Experimental Section
M e), 24299 -74 -9 ; 2 (R 1 =  f -P r ; R 2 =  f-B u ; R 3 =  H ), N,N'-Diacetyl-2-amino-DL-prolme (1).— N-Acetyl-A2-pyrroline- 
2 4 2 9 9 -2 6 -1 - 2 (R 1 =  benzvl' R 2 =  f-B u ' R 3 =  H ) 2-carboxylic acid (1 g) and 2 g of acetamide were finely powdered 
019QQ 9 7  o '  ̂ ' ’ ’ ’ and heated in a vacuum sublimator at 110° for 3 hr after removal
z-izyy - z t - z .  0f a;r under high vacuum. The excess acetamide was sublimed

_ off and the residue was crystallized from methanol to give 1.15 g
A cknow ledgm ent.— bupport of this work under a (75 % ) of l, mp 175-77°.

N ational In stitu tes of H ealth R esearch  G ran t N o. I  A nal. Calcd for C9HhN20 4: C, 50.46; H, 6 .59; N , 13.08.
R O l A M 12761-01A 1M C H A  is gratefully acknowledged. Found: C, 50.20; H, 6 .78; N, 12.95.

2,4-Binitrophenylhydrazone of a-Keto-5-acetylaminovaleric 
(5) W . La u tso h  a n d  D .  H e in io ke , Kolloid Zh„ 164, 1 (1957); 153, 103 Acid.— A 90-mg portion of 1 was dissolved with stirring and was

(1957); Chem. Abstr., 52, 52996 (1958). gently heated in 25 ml of a solution of 2,4-dinitrophenylhydrazine
in 2 A  HC1 (4 m g/m l). When the reaction mixture was main- 
tained at room temperature overnight, the hydrazone crys­
tallized . The melting point of a sample recrystallized from acetic 

S y n th e s is  o f  D eriv a tiv es o f  2 -A m in o p ro lin e  acid was 231° dec.

a n d  5 -A m in o p ro lin e  AnaJ ' Cla! f  i?* 44'19; H’ 4 '28; N ’ 19,83‘r  Found: C, 43.98; H, 4 .45; N, 19.61.
N,N'-Diacetyl-2-amino-DL-prolme Methyl Ester (2).— Methyl 

Carlo Gallina, F ranco P etrini, and Aurelio R omeo ester 2 was obtained by addition of ethereal diazomethane to the
parent acid in methanol at 0 ° . Evaporation of the solvent and 

Centro d i Studio per la C him ica del Farm aco e dei Prodotti crystallization from ethyl acetate gave 2: 90%  yield; mp 140-
Biologicamente Attivi (C .N .R . ), Università d i Roma, Rome, Ita ly  141°; nmr (CDCL) S 1.99 and 2 .04 (two s, 3, CH3C O N <), 2-3

range (m, 4, C-3 and C-4 H of the ring), 3.79 (s, 3, CHsOCO), 
,, . , , ,  , _ 3 .6 -4 .2  range (m, 2, C-5 H of the ring), 7.14 (broad signal, 1,
Received December 2 ,1 9 6 9  NHCO). The assignments were made on the basis of the

chemical shift and ratio of intensities values.
Synthesis of a-am ino acids containing a nitrogen A nal. Calcd for CioHi6N20 4: C, 52.62; H , 7 .07 ; N , 12.27.

or oxygen atom  on the carbon linked with nitrogen Found: C, 52.71; H , 7 .01 ; N , 12.32.
i l  j  -l j - i t  , i , , t N,N'-Diacetyl-2-ammo-DL-prohneliydrazide (3).— Methyl
h a v e  b een  d escrib ed  in  re p o rts  fro m  sev eral la b o ra to rie s , egter 2 (1 g) dfssolved in 8 ^  of „ h y d r a t e d  hydrazine
and some of these com pounds are constituents of which was removed 5 min later under vacuum at 30°. The
E rg o t alkaloids. Proline derivatives of the typ e previ- residue was crystallized from ethanol-ethyl ether to give the
ously indicated have n ot y e t been prepared, and we hydrazidein8 0 % yield, mp 171-172°. r _

present here the synthesis of derivatives of 2-am ino- p0u”d-' 0^47 2 3 ° ' 6 8  4 36 ’ ’ ’ ’
DL-proline and 5-am ino-D l-proline. cfs-N,N'-Dicarbobenzyloxy-5-amino-DL-proline (5).— N-Car-

Addition of acetam id e1 to N -acety l-A 2-pyrroline- bobenzyloxy-DL-pyrrolidine-2,5-dicarboxylie acid anhydride (1.24
2-carboxylic acid2 occurred on heating a m ixture of the g) was dissolved in 75 ml of warm acetone. The solution was
two substances, which produced a compound to which c° m .i®e ai?d 7 o0 of sodium azide in 5 ml of water was 

I, , . c AT AT/ j. i o • added with stirring and cooling, immediately followed by a
we attrib u ted  the stru ctu re  of N ,N  -diacetyl-2-am m o- further amQunt o{6water to dissolve the sodium azide which
DL-proline (1). T h is  stru ctu re  is in  accord  w ith  th e  separated as a solid. After the mixture stirred for 1 hr at 0°, 20
sp ectra l d ata  and w as confirm ed through acid  hyd roly- ml of water was added and the acetone was evaporated off at
sis ,3 w hich gave a -k eto -5-acety lam in o valeric  acid, 30°. The cooled aqueous solution was acidified to pH 4 with
recognized as th e  2,4-d in itrop henylhyd razone.2 2 A  hydrochloric acid and extracted with ethyl ether, which was

(1) A d d it io n  o f a ce tam ide  to  a -a c y la m in o a c ry lic  ac ids has been re p o rte d  : (4) G . C ig n a re lla  a n d  G . N a th a n s o h n , J . Org. Chem., 2®, 1500 (1961).
D .  Sb em in  and  R . H e rb s t, J. Amer. Chem. Soc., 60, 1954 (1938). (5) M e lt in g  p o in ts  were ta k e n  on a C u la t t i  a p p a ra tu s  a nd  are  u n co rre c te d .

(2) K .  Hasse a nd  P . H o m a n n , Btochem. Z., 335, 474 (1962). In fra re d  spectra  were recorded on a P e rk in -E lm e r  M o d e l 221 in f ra re d  spec-
(3) ira 7 is -N ,N '-D ia c e ty l-3 -a m in o -D L -p ro lin e , p re p a re d  b y  us [Tetra- t ro p h o to m e te r. N m r  spectra  were recorded on a V a r ia n  A -6 0  sp e ctro m e te r,

hedron Lett., 35, 3055 (1 969)], was s ta b le  u n d e r th e  c o n d itio n s  e m p lo ye d  in  a t  ro o m  te m p e ra tu re , and  are  g ive n  in  S u n its  re la t iv e  to  T M S  as in te rn a l

th e  h y d ro ly t ic  d e g ra d a tio n  o f 1. s ta n d a rd .
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washed with water, dried (Na2S 0 4), and evaporated at reduced sulfonyl chloride (recrystallized from an ether-ligroin mixture)
pressure to give 1.40 g of the azide 4 , thick oil, ir (liquid film) at 5° through the condenser into a 500-ml flask. After 2 hr the
2130 cm -1 (azide). solid was filtered and recrystallized from hot water. The yield

The azide was warmed for 2 hr at 70° in 10 ml of anhydrous was 42.6 g (72% ), mp 110-112° (lit.7 112°). 
benzyl alcohol. The mixture was diluted with ethyl ether and Thujone p-Toluenesulfonylhydrazone.—p-Toluenesulfonyl-
extracted with 2 N  sodium carbonate. The cooled alkaline hydrazide (42.6 g) and 40 g of 2 , [a] 26d + 20.13°, were dissolved
solution was acidified with 2 N  hydrochloric acid to pH 4 and in 200 ml of ethanol and refluxed in a 500-ml flask for 3.5 hr until
reextracted with ether which was washed with water and dried the reaction was complete as indicated by thin layer chromatog-
(Na2S 0 4); solvent was evaporated off at reduced pressure. The raphy. Following reflux, the ethanol was removed under reduced
oily residue was crystallized from ethanol-water to give 500 pressure until a precipitate formed, and then the mixture was
mg (28% ) of cis-N,N'-dicarbobenzyloxy-5-amino-DL-proline, heated on a steam bath to effect solution. The solution was
mp 141-142°. cooled to effect crystallization; the crystals were filtered, re-

A nal. Caled for C2iH22N20 6: C, 63.31; H, 5 .57 ; N, 7 .03. crystallized from ethanol, and dried. The yield was 25.6 g (35% ), 
Found: C, 63.39; H, 5 .65; N, 7 .06. mp 126-129°, M 25d + 1 0 5 .7 ° ; ir (CHC1,) 3310 (N H ), 2980,

1610, 1170 cm -1.
R egistry  N o.— 1 ,2 4 3 7 7 -9 1 -1 ; 2 ,2 4 3 7 7 -9 2 -2 ; 3 ,2 4 3 7 7 -  A nal. Caled for Ci,H24N2S 0 2: C, 63.75; H, 7 .50 ; N, 8.75. 

9 3 -3 ; 5 ,  2 4 3 7 7 -9 4 -4 ; a -k e to -5 -a ce ty la m in o v a le ric  acid  Found: C, 63.99; H , 7 .74; N, 8.63.
(2,4-dinitrophenylhydrazone), 24378-14-1 . 3-Thujene (1). I Ethylene Glycol as S olven t.-T h e hydra-
" . .. - zone ^  and qq 0f j .5  jy sodium m ethylene glycol were

__________________  placed in a 100-ml flask. Most of the solid dissolved immediately
and the remainder dissolved on the application of heat. Nitrogen

A  F a c i le  P - e p a r . « , , .  o f  S -T h „ je „ e  f ro m  T h u jo n e  ™ “ "  S S S & S S í H I “ A S S
The vpe analysis indicated four products: 3-thujene (1, 4 2% ), 

J . E . B aldwin and H. C. K ratjss, J r . 2-thujene (3, 16% ), contaminated slightly with another com­
pound Y-terpinene (4, 13% ), and 20%  of an unidentified mixture. 

Chemistry Department, Pennsylvania State University, II. Acetamide as Solvent.— The acetamide (200 g) was
University P ark, Pennsylvania 16802 melted in a 500-ml three-necked flask and purged with oxygen-

free nitrogen. The acetamide was cooled to 100° and 6.0 g of 
Received October 27, 1969 sodium was added in small quantities under a nitrogen atmosphere

(extreme care must be taken to avoid combustion). The hydra­
n t  , .  v , o , ,  • . , , zone (38.6 g) was added and the temperature held at 140-150°.
T h e bicyclic monoterpene 3-thujene (1) is m uch less Nitrogen evsolution ceased after 25 J n and the reaction mixture

readily available from  n atural sources than  is thujone was 00oled slightly. W ater (200 ml) was added and the organic
(2 ). T h e methods previously used1’2 for obtaining 1 layer was extracted into petroleum ether. The ethereal solution
from  2 involve reduction to the thujyl alcohols, sep- was dried (M gS04), filtered, concentrated, and distilled giving
aration  of isomers, and eliminations. W e have found 15'9 g  (97% ) ?f “ ixed hydrocarbon P^ du ct The mixture was

i , , , . , . „ . ,, . , readily separated via  nreparative vpc and 1 was characterized
th a t it is possible to obtain 1 from  2 in a rath er simple ag follows: n *,D lA i7 \> [ap D _ 32 .05°, bp 150-151°; ir (neat)
procedure which is applicable to large-scale work by use 2985, 2881, 3057 cm “1; nmr (neat) 5 0.02 (t, 1, /  =  3 H z),
of the B am ford -S teven s rearrangem ent.8 0.90 (m, 2), 0.98 (d, 6 , /  =  3 Hz), 1.35 (m, 1), 1.76 (q, 3, /  =  2

Thujone (2) was readily converted to the p-toluene- ^  p t <‘m’ ^ ^ m’ maSS spectrum 7̂0 m ê 136, 
sulfonylhydrazone which was initially decomposed with Dihydrochloride J - T o  5 ml of glacial acetic acid
a  solution ol sodium in ethylene glycol. T h e hydro- was added 0.20 g of l and the solution was saturated with gaseous
carbon product was analyzed by preparative vpc and HC1. The mixture developed a red color after 9 hr of standing
shown to contain 3-thujene (1, 4 2 % ), 2-thujene (3, and was then poured over ice. The resulting solid was filtered
1 6 % ), 7 -terpinene (4, 1 3 % ), a  fourth unidentified com - arid recrystallized from methanol: mp 4 7 -4 9 ° ; nmr (CDCh) s

p ound, an d  a  tra c e  of p -cy m e n e . U sin g  a ce ta m id e  as a  The absolute configurations of 3-thujene ( l ) ,  thujone (2 ), and
so lv e n t ,4 th e  h y d ro carb o n  p ro d u ct (97%  yield) con - 2-thujene (3) are those verified by Norm.».“
sisted of 1 (8 0% ) and 4  (2 0 % ), 4  being slightly contam - R egistry  N o.— 1, 3917 -4 8 -4 ; 2 , 5 4 6 -8 0 -5 ; 2 p-toluene-
inated with an unidentified isomer. 3-Thujene was sulfonylhydrazone, 18791-12-3.
characterized by its spectral properties and by conver- . , , , A „ T „  . TT „ _  , TT , , ,
sion to terpinene dihydrochloride.6 This procedure _ A cknow ledgm ent.— W e thank the U .S . Pub^he H ealth
therefore represents a simple process for obtaining 3- Service (A 108862-01) and the Alfred P . Sloan Fou n d a-
th u jen e  from  read ily  av ailab le  th u jo n e . tl0 n  fo r th e ir  suPP o r t  of th ls  ^ s e a r c h .

(8) A . C o rn u  a nd  R . M a sso t, “ C o m p ila tio n  o f M ass S p e c tra l D a ta , ”

Experimental Section6 H e y d o n  a n d  Son L td . ,  L o n d o n , 1966.
(9) T ,  N o rm , Acta Chem. Scand., 16, 640 (1962).

p-Toluenesulfonylhydrazide.7— Hydrazine hydrate (40 g, 85% ) (10) M- s - B e rg q v is t  a n d  T . N o rin ,  Ark. Kemi, 22 (12), 137 (1964).

was slowly added to a benzene solution of 60 g of p-toluene-

(1) L .  T sch u g a e v a n d  W . F o m in , Ber., 46, 1293 (1912).
(2) D .  V . B a n th o rp e  a nd  H .  f f.  S. D a v ie s , J. Chem. Soc. B, 1339 (1 9 6 8 ).

(3) w. r . B a m fo rd  a n d  T .  s. Stevens, ibid., 4 7 3 5  ( 1 9 5 2 ) . A lk a lin e  C leav ag e  o f  P h o s p h e ta n e  O xid es
(4) J . W . P o w e ll and  M .  L .  W h it in g ,  Tetrahedron, 7, 305 (1959).
(5) A . J . B irc h  a n d  J . C . E a r l,  J. Proc. Roy. Soc. N. S. W 72, 55 (19 3 8 ).
(6) M e lt in g  p o in ts  were m easured on a K o fle r  h o t  s tage a n d  are  u n c o r-  B. B . E z Z E L L

reeted. In fra re d  spectra  were recorded  on a P e rk in -E lm e r  257 s p e c tro ­

p h o to m e te r, n u c le a r m a g n e tic  resonance spectra  on  V a ría n  A -6 0  a n d  H A -  Research Department, R. J .  Reynolds Tobacco Company,
trúrtom -Salem , North Carolina * 7 , 0« '

te rm in e d  on a B a usch a nd  L o m b  A B B E -3 L  re fra c to m e te r  a nd  o p t ic a l ro ta -  r )  í  r  j q / jq

t io n s  on  th e  P e rk in -E lm e r  P 22 s p e c tro p o la rim e te r. A n a ly t ic a l a n d  p re p a ra -  1
t iv e  v p c  ana lyses w ere  m ade  on a V a ría n  A e ro g ra p h  M o d e l 700 u s in g  a 3 0 %
C a rb o w a x  co lu m n  on 4 5 -6 0  C h ro m o so rb  W  s u p p o rt  a t  180°. T h u jo n e  was R e c e n tly , W G  reported, th .6 B - l lc R li l lG  c lG R V R g G  of S 6 V -

k in d ly  s u p p lie d  b y  F ritz s c h e  B ros. In c .,  N e w  Y o rk ,  N . Y .  E le m e n ta l a n a l-  e ra l h ete ro cy clic  phosphine Oxides.1 I n  all b u t One 
ys is  was p e rfo rm e d  b y  th e  M id w e s t M ic ro la b , In c .,  In d ia n a p o lis , In d .

(7) K .  F re u d e n b e rg  a n d  F . B li im m e l,  Justus Liebigs Ann. Chem., 440 , (1) (a) B . E .  E z z e ll a nd  L . D , F reedm an, J. Org. Chem., 34, 1777 (1 9 6 9 );
51 (1924). (b ) ibid., 36, 241 (1970).
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case, the reactions gave the products corresponding to corresponding to exclusive cleavage of the more stable
cleavage of the group capable of forming the m ore stable benzyl carbanion. Fusion of 3 w ith sodium hydroxide
carbanion. W e suggestedlb th a t the general cleavage led to both 4  and phenyl (2 ,3 ,4 ,4 -tetram eth ylb u tyl)-
reaction normally proceeds via a  trigonal-bipyram idal phosphinic acid (5) in approxim ately a  1 :4  ratio . This
interm ediate with the oxygen atom s occupying the result corresponds to preferential ring cleavage even
apical positions. F o r  heterocyclic phosphine oxides, in though this m eans cleavage of the least stable carb-
cases where a large am ount of ring strain  would be in- anion. Clearly, the direction of cleavage for this four-
volved in placing the heterocyclic ring in diequatorial membered ring is influenced by both the ring and the
positions, some other pathw ay would seem necessary. stability  of the leaving carbanion. T he fact th a t the
W e suggested, in the case of 5-benzyldibenzophosphole ring influences the direction of cleavage is in con trast to
5-oxide where ring cleavage predom inates over cleavage the saturated  five-membered rin g ,lb but in agreem ent
of the m ore stable benzyl carbanion,1® th at, owing to w ith the unsaturated  five-membered rin g .1®
ring strain, the reaction proceeds by an SN2-type pro- H istorically, trigonal-bipyram idal interm ediates have  
cess. T h e present paper offers additional inform ation received prime atten tion  in the field of organophos- 
on the cleavage of heterocycles involving ring-strain phorus chem istry. Considerable atten tion  has re­
considerations. cently been given to the position of the leaving group in

T he reactions involved in this study are shown in the trigonal-bipyram idal interm ediates formed during
Scheme I . T he acid chloride 1 was prepared by the alkaline cleavage of phosphonium salts.6 Apical de­

p arture has been shown to take precedence over 
cleavage of groups capable of forming more stable carb- 

Scheme I anions in certain  sm all-ring heterocyclic phospho-
• niums.7 In  other cases, where exocyclic benzyl groups

have cleaved in preference to small heterocyclic rings,la'8 
X  X  —  ■i it is questionable whether the benzyl group leaves from

\ p /  an equatorial position of the initially formed interm e-
/  \  diate or from an apical position of a new interm ediate

derived from pseudorotation. M arsi,8b after showing 
th a t the benzyl group was cleaved from  both isomers of 

JL JL l-benzyl-l,3-d :m ethylphospholanium  bromide w ith re-
v / X  - v /  i. NaOH t n - X  \  /  +  ph_ Cpj tention of configuration a t  phosphorus, suggested equa-

Z '  250° 3 torial benzyl departure. His argum ent was based on the
/  ^  2 H+ / \  energetically unfavorable pseudorotation of interm ediate

PhCH2 0  HO 0  6  to an interm ediate containing the electronegative hy-
2 4 droxyl group in an equatorial position. H e further

| suggests th a t if such a pseudorotation process did occur,
i Na0H then interm ediates th a t would give rise to inversion of

X  ' —  * configuration would also be reasonable. Since, as
X p X  M arsi shows in his kinetic scheme, interm ediate 7
A

Ph o  
3

JL o  CH3 CH3 CH3 ?  ?

X ^ X  +  Ph P C C C H +  P h -H  t o J ^ X h,

_ A  HO CH3 H CH, HC/  CH,Ph u c f  CH,Ph
HO 0  5 3 6 3 7

4

would also be expected in the reaction  process, pseu- 
m ethod of M cB ride and cow orkers,2 and the phos- dorotation should have been considered for this inter-
phetane oxide 3 was prepared by the m ethod of Crem er m ediate also. R eplacem ent of 6 by 7 in the pseudoro-
and C h orv at.3 T he reaction  of benzylmagnesium chlo- tation  scheme given by M arsi results in a reversal of the
ride with 1 to form  the phosphetane oxide 2 proceeded energetics. Pseudorotation of 7 to an interm ediate
sm oothly w ithout interference from ring-opening reac- w ith the oxygen atom  in an equatorial position is en-
tions as was observed with phenyllithium .3 4 The prep- ergetically favorable since this means moving the least
aration of 2 by the sam e m ethod employed here was electronegative group (the negative oxygen) from  an
recently cited, w ithout detail, in a com m unication.6 
Fusion of 2 with sodium hydroxide gave only 1-hy-
droxy-2,2 ,3,4,4-pentam ethylphosphetane 1-oxide (4) (6) A survey of both the phosphine oxide and phosphonium cieavage re-

a c tio n s  is g ive n  in  re f la  a nd  references th e re in .
(7) S. E . F is h w ic k , J . F l in t ,  W . Hawes, a n d  S. T r ip p e t t ,  Chem. Commun.,

(2) J. J . M c B r id e , E . Ju n g e rm a n n , J. V . K il lh e ffe r ,  a nd  R . J. C lu tte r ,  113 (1967).
J. Org. Chem., 27, 1833 (1962). (8) (a) D . W . A lle n  and  I .  T .  M il la r ,  J. Chem. Soc. C, 252 (19 6 9 ); (b )

(3) S. E . C re m e r a nd  R . J . C h o rv a t,  ibid., 32, 4066 (1967). K . L . M a rs i, J. Amer. Chem. Soc., 91, 4724 (1969); (c) W . H aw es a n d  S.
(4) S. E . C re m e r a n d  R . J . C h o rv a t,  Tetrahedron Lett., 413 (1968). T r ip p e t t ,  Chem. Commun., 295 (1968).
(5) S. E . C re m e r, R . J . C h o rv a t,  a nd  B . C . T r iv e d i,  Chem. Commun., 769 (9) R . K lu g e r, F  C o v itz ,  E . D e n n is , L .  D . W illia m s , and  F . H . W est-

(1969). he im er, J. Amer. Chem. Soc., 91, 6066 (1969).
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apical to  an equatorial position. Also, pseudorotation phosphetane oxide 3 . T he exocyclic phenyl group is
to interm ediates th a t would result in inversion of con- common to both compounds and the carbanions derived
figuration is now unlikely in this scheme since one step from ring cleavage are of com parable stabilities. N o
requires the energetically unfavorable process of moving ring cleavage is observed with the five-membered ring,
the negative oxygen from  an equatorial to an apical whereas ring cleavage predom inates with the four-
position. Thus, depending on the interm ediate chosen, membered ring. T he effect of relative carbanion
argum ents for either apical or equatorial departure can stability  is best dem onstrated by a  com parison be-
be supported by the sam e pseudorotation scheme. tween 5-benzyldibenzophosphole 5-oxidela and the

If  an interm ediate is formed in the cleavage reactions phosphetane oxide 2. The exocyclic benzyl group is
of the phosphetane oxides, stru ctu re 8 seems m ost rea- com m on to both compounds, but the carbanion derived
sonable. T he four-mem bered ring occupies apical- from cleavage of the dibenzophosphole ring is consid-
equatorial positions and the position-ys.-electronegativ- erably more stable than the tertiary  aliphatic carbanion
ity  requirem ents are best satisfied. I t  seems unrea- derived from  cleavage of the phosphetane ring. E v e n
sonable th a t the coulombic repulsion between the oxide though any strain  factor should be m ore significant for
oxygen and the hydroxide ion would be sufficient to the four-mem bered ring, exclusive exocyclic cleavage
cause form ation of an interm ediate w ith the ring in di- occurs for 2 while preferential ring cleavage is observed
equatorial positions.1'10 If 8 was formed, it is possible, for the dibenzophosphole ring.

Experimental Section12

[ | l-Benzyl-2,2,3,4,4-pentamethylphosphetane 1-Oxide (2 ).— 1-
I Chloro-2,2,3,4,4-pentamethylphosphetane 1-oxide2 (25.2 g, 0.13

c ~ ' ' '  R-^L----------- mol) ln etller was a(ided dropwise to a stirred ethereal solution
Nq-  /  \>~ of benzylmagnesium chloride prepared from magnesium (0.15

HO g-atom) and benzyl chloride (0.15 mol). The solution was
8 9 heated and stirred 1 hr after the addition. The solution was

then cooled and 300 ml of 5%  hydrochloric acid was added drop-
wise. The organic layer was separated and washed with 5%

considering the extrem e alkaline conditions employed sodium hydroxide solution and then water. The ether was
for the reactions, th a t a  second equivalent of hydroxide evaporated and the solid residue recrystallized from benzene:
inn would mart to form the coniue-flte base Pseu- yiolc. 14.5 g (45%); mp 180-182 ; nmr r 8.5-9.2 (m, 15,-CH3),ion would react to form the conjugate oase. l  seu 7.9_8.2 (m, i, methine H), 6.74 (d, JP- H = 11.5 Hz, P-CH2-
d o ro ta tio n  could th en  lead  to  a  m ore  stab le  m te rm e d - p j ^  2 .4 -2 .9  (m, 5, aromatic H).
ia te , 9 , if th e  ra te  of th e  cleavage step  w as slow er th a n  A nal. Calcd for CiEH23OP: C, 71.97; H, 9 .26; P , 12.37.
th a t  of p seu d o ro ta tio n . A s in th e  case  w ith  th e  p hos- Found: C, 72.10; H , 9.24; P , 12.19.
p honium  reactio n s, ap ical o r e q u ato ria l d e p a rtu re  for an  C(;eav)age ?f. 1 -Benzyl-2 ,2 ,3 4 ,4-perUamethyIphosphetane 1- 
F  ’ % . . , , ,. , Oxide (2).— This phosphine oxide (4.7 g, 0.019 mol) was cleaved
exo cy clic  group w ould depend on  th e  in te rm e d ia te . with sodium hydroxide (0.08 mol) a t 250° for 1 hr. About 2 ml 
R eg ard less of w h eth er 8  o r  som e co n ju g a te  b ase w as th e  0f toluene (identified by glpc and ir), essentially the calculated
k ey  in term ed iate , th e  influence of th e  rin g on  th e  d irec- amount for exclusive benzyl cleavage, distilled during this time,
tio n  of cleav ag e  w ould h av e  to  be exp lained  b y  th e  The 11811111 isolation procedure,1 except that the acid was ex-

,.  , ,■ r - . „ - j -  , . __i,, , traded from the acidic aqueous solution with chloroform, gave
re a ctio n  p rocess lead ing from  in term ed iate  to  p ro d u ct. p h y ^ y ^ ^ ^ ^ ^ -p en tam eth y lp h o sp h etan e  1-oxide (4 ): yield
W hether this influence would be associated with a 2.8  g (85% ); mp (after drying in a vacum desiccator over phos-
preference for apical departure as seems to be the case phorus pentoxide) 71-73° (lit.2 mp 7 2 -74°). The acid was
w ith phosphonium cleavage reactions6 or a ring strain  identical (ir and mixture melting point) with an authentic sample
fa c to r  is n o t obvious. A lth o u g h  a  com p arison  b etw een  prepared by hydrolysis of the acid chloride l.
, ,  , r , , , . , ,, Cleavage of l-Phenyl-2,2,3,4,4-pentamethylphosphetane 1-
th e  cleav ag e  reactio n s of p h o sp h etam u m  s a lts7'8” an d  th e  0 x i d e  (3 ) .3_ Xhis c o m p o u n d  (5.9 g, 0 .025 mol) was cleaved with
phosphetane oxides presented here suggest a  strong sodium hydroxide (0.1 mol) at 225° for 1 hr. Several drops of
sim ilarity in factors determining direction of cleavage, a benzene (identified by glpc) distilled during this time. The re­
similar com parison for the dibenzophosphole ring action mixture was dissolved in water and then acidified with
system  shows definite differences. T he la tter com - hydrochloric acid The aqueous solution, which contained a
J  i , , j n n x viscous oil, was extracted with chloroform. Evaporation of the

panson prom pted us to previously suggest an &N2-type chloroform gave an oily mixture of 4 and phenyl (2,3,4,4-tetra-
m echanism .1“'11 methylbutyl)phosphinic acid (5) in a ratio of approximately 1 :4

T he detailed m echanism for cleavage of phosphine as determined by nmr, yield 5.6 g (94%  based on the above
oxides with sodium hydroxide is far from  being estab- ratio). The acid 5 could be separated from 4 by repeatedly dis-
v i j  rpi i .  7 i . ■ rr- • i  c solving the mixture m a dilute sodium hydroxide solution and
fished. T he results, to date, are insufficient for a pre- precip|tating with hydrochioric acid. T he first material pre-
d iction  of th e  d irectio n  of cleav ag e  for sm all rin g co m  cipitated was taken. The solid was recrystallized from aqueous
pounds. I t  is clear, how ever, from  th e  resu lts p re - ethanol and dried in a vacuum desiccator over phosphorus pentox-
sen ted  here an d  in previous p ap ers , 1 th a t  rin g size an d  lcle: mP 100-103°; nmr r 8 .8 -9 .4  (m, 15, -C H 3), 7 .6-8.S  (m, 2,
re la tiv e  carb an io n  stab ilities h av e  a  definite influence methine H ) 2 .1 -2 .7  (m, 5, aromatic H).

„  . ,  . . . A nal. Calcd for ChH230 2P : C, 66.12; H, 9 .11; P , 12.17.
on  th e  d irectio n  of c leavage, t h e  effect ol ring size is Found- C 65.96- H 8.95- P  12.10.
best dem onstrated by a com parison of the cleavage of 1-
phenyl-2,5-dicyclohexyphospholane 1-oxide1-1 and the R egistry  N o— 2, 24655 -74 -1 ; 5 ,2 4 6 5 5 -7 5 -2 .

(10) O u r suggestion  (re f 2b) t h a t  a c y c lic  p h o sp h in e  oxides c leaved f ro m  a
tr ig o n a l-b ip y ra m id a l in te rm e d ia te  w ith  th e  oxyge n  a to m s  in  th e  a p ica l p o s i-  (12) M e lt in g  p o in ts  were ta k e n  w ith  a F ish e r-Jo h n s  m e lt in g  p o in t  a p p a ra -
tio n s  was based on  c o u lo m b ic  re p u ls io n  and  d id  n o t  consid er th e  c o m p e tin g  tu s  a nd  are  un co rre c te d . In fra re d  spectra  w ere  ta k e n  o n  a P e rk in -E lm e r
fa c to r  o f h a v in g  th e  n e g a tiv e  oxygen in  an  e q u a to r ia l p o s it io n . M o d e l 221 sp e c tro p h o to m e te r. N m r  s p e c tra  w ere  ta k e n  w ith  a  V a r ia n  A -6 0

(11) I t  is  possib le  th a t  th e  ra te  o f e xo cyc lic  c leavage is s lo w  because o f a n  in s tru m e n t;  d e u te r io c h lo ro fo rm  was used as a s o lv e n t w i th  t e t r a m e th y l-
inerease in  r in g  s tra in  in  g o in g  fro m  an  in te rm e d ia te  (8 o r  9) to  a  c y c lic  s ilane as an  in te rn a l s ta n d a rd . E le m e n ta l an a lys is  w ere  p e rfo rm e d  b y  Sp ang
p ro d u c t.  M ic ro a n a ly t ic a l L a b o ra to ry .
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C h e m is tr y  o f  C e p h a lo sp o rin  A n tib io tic s . however, prim ary or secondary alcohols are used pref-
X V I I I .  S y n th e s is  o f  erably in approxim ately equivalent am ounts and at

_ . .  „ lower tem peratures to minimize A3-ester formation.
7-A c y l-3 -m e th y l-2 -c e p h e m -4 -e a r b o x y h c  T he reaction conditions require th a t the preformed acid

A cid  E s te r s  chloride be added slowly to a solution of the alcohol and
tertiary  amine base in an inert solvent. Some of the  

C. F. Murphy and R. E. K oehler esters prepared by this m ethod are listed in Table I.
, ,  , T „ T he reaction is limited only by the stability an d /o r

m > ”  “ ¡ f  ° f “ M a W e  to large
scale (1 mol) preparations.

Received September 17, 1969 T he m echanism of the esterification probably in­
volves initial acylation of the tertiary  amine. A nother

R ecen t publications1’2 from  these laboratories have molecule of base then rem oves a proton a t  C -2, causing
described results which constitute the synthesis of a a double-bond shift (A3 -  A2) and expulsion of the ter-
cephalosporin from a penicillin. In  this and the fol- tiary  amine group to give the very  reactive ketene
lowing n ote ,3 we report additional studies cf  the func- ^  6 ) ' . ^ be ketene im m ediately reacts with the al-
tionalization of deacetoxym ethyl cephalosporins.2 cohol to give the 2-cephem  ester (6 3 ).

T he initial p art of the W ebber, et al,,2 sequence in­
volves an esterification of the 3-cephem  acid 1, an iso- q  NR
merization, and deesterification to give the 2-cephem RiCONH s v _3
acid 4, which in turn  is esterified to give an easily 2 — * — >-
cleavable ester in low overall yield. An alternative 'vp ^ C H ,R ,
preparation of pure 2-cephem  esters involving the acid q
chloride 2 and a probable ketene interm ediate is de-
scribed herein. 4 _

5

R.CONIWHH g R.CONH ^g R . C O N H c  3

c r  Y c h ,  ( r  y ^ c H 2R2 N
COOH C02R2 II

1 I 0
1 I

R,CONH g RTONH g T h e interm ediacy of a ketene (5) can only be inferred
V j  | ] I 1  a t  this tim e; however, acid chlorides and amine bases

H2R2 react to give ketenes.4 Our attem p ts to isolate an ad-
" CO R d uct w^ h  phenyl isocyanate or tosyl isocyanate5 have

2 2 2 not succeeded. T he high reactiv ity  of the interm e-
! diate prevented its spectral identification even when
t generated a t  low tem peratures ( —75°).

RjCONH H H  r  CONH Van Heyningen and A hern6 have recently shown th at
1 Y __the 2-cephem  acid formed in an equilibrative process

T i l  ~  . T i l  (such as th a t used by W ebber, et al.2) has a C -4 /3 hy-
Cr CH2R2 drogen. T he same stereochem istry is observed in the

R COOH reaction described herein; however, the absence of A3
3 2 4  m aterial suggests th a t the stereochem istry is kinetically

controlled. This m ay be explained by the a-face de­
parture of the tertiary  amine base preventing the a ttack  

A3-Cephalosporanyl chlorides are best prepared in an ofu “  alcohol molecule from th a t side. T he alcohol,
inert solvent with oxalyl chloride, using N .N -dim ethyl- wh!«h ^  be held m P ° f ^ on by *  hyd™ge“  b°,nd ,tbe
formamide as a catalvst. O ther acid chloride forming f ™ do hydrogen would thus add to the 0 side of the
reagents, such as thionyl chloride or phosphorus penta- ketene and § lve the observed stereochem ical result,
chloride, with or w ithout catalysts, are less effective.

T he esterification conditions are dependent upon the Experimental Section
nature of the alcohol being employed. T ertiary  al- Melting points were determined on a Kofler melting point 
cohols m ay be used in excess a t  ice-bath tem peratures; apparatus. Infrared spectra were determined on a Perkin-Elmer 1 2 3

(1) (a) R . B . M o r in ,  B . G . Jackson , R . A . M u e lle r ,  E . R . L a v a g n in o , W. B . (4) (a) T . O zeki and  M . K u sa ka , Bull. Chem. Soc. Jap., 39, 1995 (19 0 6 );
Scanlon, a n d  S. L .  A n d re w s, J. Amer. Chem. Soc., 85, 1896 (1963); (b ) (b ) T . O zeki and  M .  K u sa ka , ibid., 40, 1232 (19 6 7 ); (c) G . B . P a yne , J.
ibid., 91, 1401 (1969). Org. Chem. 31, 718 (1966); (d ) W . E . T ru c e  a n d  P . S. B a ile y , J r .,  ibid., 34,

(2) J . A . W e bbe r, E . M .  V a n  H e y n in g e n , a n d  R . T .  V a s ile ff, ibid., 91, 1341 (1969).
5674 (1969). (5) E . M u n d lo s  a n d  I t .  G ra f, Justus Liebigs Ann. Chem., 677, 108 (1964).

(3) G . V . K a ise r, R . D . G . C ooper, R . E . K o e h le r, C . F . M u rp h y ,  J . A . (6) E . M . V a n  H e yn in g e n  a nd  L . K .  A h e rn , J. Med. Chem., 11, 933
W e b b e r, I. G. W rig h t,  and  E . M .  V a n  H e y n in g e n , J . Org. Chem., in  press. (1968).
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T able I
RiCONH

c o 2r 3

R e a c tio n
E m p ir ic a l %  co n - -̂--------------C a lcd , % --------------- - ----------------F o u n d , % --------------- >

C o m p d “  R e g is try  no. fo rm u la  M p ,  °C  y ie ld  d it io n s  C H  N  C H  N

1 24647-38-9 C2oH24N20 5S 78-80 87 A 59 .20  5 .9 8  6 .9 3  59 .2 0  6 .0 8  6 .6 3
2 24144-88-5 C24H24N20 6S 112-114 90 B 61 .52  5 .1 6  5 .9 7  61 .9 5  5 .3 3  6 .12
3 24647-40-3 C21H22N20 6S 92-93 85 A 60 .86  5 .35  6 .7 6  61 .02  5 .5 9  7 .0 0
4 24647-41-4 C21H24N20 6S 83-85 46 A 60 .5 6  5 .81  6 .7 3  60 .3 4  6 .01  6 .91
5 24647-42-5 C24H22N206S 145-146 77 B 61 .80  4 .7 5  6 .01  62 .0 6  4 .9 7  6 .1 4
6  24647-43-6 C23H2,N30 7S 130 60 B 57 .25  4 .1 8  8 .7 0  57 .10  4 .4 7  8 .4 5
7 24647-44-7 C29H26N20 6S 110 45 B 67 .69  5 .09  5 .4 5  67 .82  5 .1 8  5 .5 9
8 24647-45-8 C20H24N2O4S 130-131 45 B 61 .84  6 .23  7 .21  61 .59  6 .2 3  7 .0 4
9 24647-46-9 C20H24N2O8S2 178 33 A 53 .09  5 .3 5  6 .19  53 .08  5 .3 3  6.11

» 1, Rj =  PhOCH2; R 2 = H; R 3 =  C(CH 3)3. 2 , R t =  PhOCH2; R 2 =  H ; R 3 =  - ch.-h ^ -O C H ,.  3, Ri =  PhOCH2; R 2 

= H ; R 3 =  -C (C eeeCH)(CH3)2. 4, R, =  PhOCH2; R 2 =  H ; R3 =  -C (C H = C H 2)(CH3)2. 5, R 4 =  PhOCH2; R2 =  H ; R 3 =  

CH2C (= 0 )P h . 6 , Ri =  PhOCH2; R 2 =  H ; R 3 =  7, R 4 =  PhOCH2; R 2 =  H ; R3 =  -C H (P h )2. 8 , R , =  PhCH 2;

R 2 =  H ; R 3 =  C(CH3)3. 9, Ri =  |TjL, 1 Ra =  OAc; R 3 =  C(CH„)3.
S CHg

Model 21 in a K B r disk. The ultraviolet spectra were measured in 20 ml of alcohol-free CHC12 was added dropwise over a 1-hr
in methanol solution. The nmr spectra were recorded with period to a stirred solution of 0.300 g (2.2 mmol) of p-methoxy-
Varian Models A-60 and HA-60 spectrometers at 60 MHz in benzyl alcohol and 0.300 g of triethylamine maintained at —50
5-10%  deuteriochloroform solution with tetramethylsilane as an to —75°. The solution was washed with H20  and then 3%  HC1
internal standard. Elemental analyses were determined by our and evaporated to dryness. The residue was suspended in E t-
microanalytical laboratory.  ̂ OAc, washed with 5%  N aH C 03, dried over Na2S 04, and evapo-

3-Methyl-7-phenoxyacetamido-3-cephem-4-carbonyl Chloride. rated to dryness. The residue was crystallized from CC14 as
A suspension of 0.353 g (1.02 mmol) of 3-methyl-7-phenoxy- needles, mp 108-110°. The nmr spectrum (C-2 H at 5 .90,

acetamido-3-cephem-4-carboxylic acid in 40 ml of C8H8 was C-4 H at 4.80 ppm) was identical with that of authentic material.2
cooled in ice and stirred while 0.256 g (2 mmol) of oxalyl chloride 
and 1 drop of D M F were added. The reaction mixture was
stirred at about (7-10°) for 45 min, and then the solvents were __________________
removed under reduced pressure. An nmr spectrum of the acid 
chloride showed the absence of any 2-cephem isomer.

The acid chloride (^ 2 0 0  mg) was dissolved in 10 ml of MeOH
and stirred at 25° for 30 min. The solvent was removed, and C h e m i s t r y  o f  C e p h a lo s p o r in  A n t i b i o t i c s ,
the residue was redissolved in C 8H8. The C8H8 solution was y t v  y  p . * p . >> s ,  1 _
washed with H20 ,  3%  HC1, and 10% N aH C 03. The solution X I X  T r a n s f o r m a t i o n  o f  A2- C e p h e m  t o
was dried over Na2S0 4 and evaporated to dryness to give 0.160 g A 3- C e p h e m  b y  O x i d a t i o n - R e d u c t i o n
of methyl 3-methyl-7-phenoxyacetamido-3-cephem-4-carboxyl- t  S  I f
ate. The ester was crystallized from EtOAc and was found to be a t  S u )  u r
identical with authentic material1 by tic, mp 135-137°, mmp
135-138°. _ G. Y . K a i s e r , R. D. G. C o o p e r , R. E . K o e h l e r ,

The acid chloride as prepared above was used in the following C. F . M u r p h y , J . A. W e b b e r , I. G. W r i g h t ,

preparations. These preparations are presented as typical a n d  E . M. V a n  H e y n i n g e n

examples for the esterification of tertiary and primary alcohols,
respectively. The esters listed in Table I are prepared analo- L illy  Research Laboratories, E li  L illy  and

gT y ' i-Butyl 3-Methyl-7-(phenoxyacetamido)-3-cephem-4-car- Gompany, Indianapolis, In d ian a  46206
boxylate.— A solution of 0.10 mol of the acid chloride (using
proportions given above) in 1.0 1. of CH2C12 was added dropwise Received September 17, 1969
over a 3-hr period to a stirred solution of 92.5 g (1.25 mol) of
¿-butyl alcohol (freshly distilled from K M n 04 and dried over A  re ce n t re p o rt from  ou r la b o ra to ry  d e ta ils  th e  final
molecular sieves) and !9 .3 g  (0.175 mol) of triethylamine (freshly steDS b v  w h ich  a  Denicillin ca n  be co n v e rte d  in to  a  
distilled from phenyl isocyanate and dried over KOH pellets) in Slei?S ,Dy , a. P elll<f  nn  ca n  De co n v e rte d  in to  a
650 ml of CH2C12 maintained under anhydrous conditions at cephalosporin.1 A  Vital sequence in  this synthesis IS
ice bath temperature. The CH2C12 solution was washed with the conversion of a A2-cephem  ester (1) to a A3-cephem
about 500 ml of H20  and 100 ml of 3%  HC1 and evaporated to ester (3) v ia  the sulfoxide 2 . This process utilizes the
w nw » n m he ' T tt n  wa®, '™sr)eilded in EtOAc, washed with co n ce p t th a t  /3 ,y -u n sa tu ra te d  sulfoxides a re  th e rm o -  
5%  NaHCOs and H20 ,  and then treated with 20 g of activated j  ■ n . , , , ,  ., ,.
charcoal. The suspension was filtered and evaporated to dryness. d y n a m ica lly  m o re  sta b le  th a n  th e  corresp on d in g a ,0 - 
The ¿-butyl ester crystallized from ether to give a total yield of u n sa tu ra te d  sulfoxides .2
37.5 g (75% ) of needles, mp 78-80°. From the neutral and basic B y  c o n tra s t, an  equilibrium  m ix tu re  of cep h em  iso- 
washes was recovered 7.0 g of a mixture of A2 and A3 acids. m ers b efore oxid ation  con tain s  larg ely  th e  u n n a tu ra l

The nmr spectrum of the A2 ester [5 (CDC13) C-2 H at 5.92,
C-4 H at 4.66, -O C(CH 3)3 at 1.50 ppm] was consistent with the
p oposed ..ru e.are . (1) J. A . W e bbe r, E . M . V a n  H e yn in g e n , a n d  R . T .  V a s ile ff, J .  Amer.

B . p-Methoxybenzyl 3-Methyl-7-(phenoxyacetamide)-2-ce- Chem. Soc., 91, 5 6 7 4  ( 1 9 6 9 ). 

phem-4-carboxylate.—A solution of 2 mmol of the acid chloride (2) D. E . O ’C o n n o r a nd  W . 1. Lyness, ibid., 86, 3840 (1 9 6 4 ).
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T a b l e  I

E x a m p l e s  o f  C e p h e m  S u l f o x i d e  F o r m a t io n

S ta r tin g  P ro d u c t
su lfid e  su lfo x id e  Y ie ld ,  R e a c tio n

R i R 2 R * iso m e r isom er %  co n d itio n s

PhOCH2 H Z-Bu A2 A2 (R) 0 .8  A
PhOCH2 H Z-Bu A2 (S) 93 A
PhOCH2 H Z-Bu A2 A3 100 A +  isomerization
PhOCH2 H Z-Bu A2 A3 77 B
PhOCH2 H Z-Bu . A2 A3 94 C
C,H3SCH2

(2-thenyl) OAc CH2CC13 A 3 A 3 62 A
PhOCH2 OAc CH2C6H,OCH3-p A 2 +  A 3 A 3 75 A
PhOCH2 H -C (C H 3)2C H = C H 2 A 2 A 3 88 A
PhOCH2 H CH2C6H ,N 02-p A 2 A 3 90 A
PhOCH2 H CHjCCl, A 3 A 3 (R) 0 .5  D

A3 (S) 38 D
PhOCH2 OH Z-Bu A2 A3 77 A

A2 isom er . 3 W oodw ard, et a l report K  (norm al/iso) even though their nm r spectra indicated a high degree
=  l/» for the trichloroethyl ester of cephalothin 5 (3, of purity. T he oxidations are applicable to  a v ariety
R i =  2-thienylm ethyl, R 2 =  OAc, R 3 =  H ), and the of cephem com pounds: A2, A3, or A2 +  A3 m ixtures,
desired A3-cephem  isomer m ust be isolated by elution R epresentative exam ples are listed in Table I.
chrom atography. Since a  A2-cephem  ester is a  key T he initial products from  the oxidation of A2-cephem  
interm ediate in both the W oodw ard, et at., cephalo- sulfides were the ( I I) -  and ($ )-A 2-sulfoxides. W hen
sporin synthesis, and th a t reported by W ebber, et al.,1 these isomers were dissolved in a  hydroxylic solvent,
from  our laboratory, the need for a facile, efficient the A3-cephem  isomers were obtained. O xidation in
m ethod to achieve the A2 A3 transform ation is clear. hydroxylic solvents gave the (R )-  and (<S)-A3-cephem
RCONH sulfoxides directly. T he m ajor product (4 and 2) in

1 V s  both double-bond isomers has been shown by com pre-
-j^ vj| [oxidation] hensive nm r studies to be the (S)-sulfoxide . 7 Diffi-

cA V ^ c il r ,J J T l ~ & Q

 ̂ C02R3 R,CONHh  h  II

R,CONH y  h  J  R.CONH h  H 1 O ^ V ^ C H . R ,  2

] H " SV| ^ t i o n]̂  y T ' S^ H ¿02R3

o^ c h a  o ^ ' Y ^ ch .r , 4 (S )
COjR CO R

2  2 3 3  ' : cu lty  in reducing A3-cephem  sulfoxides to  A3-eephem
sulfides by a wide v arie ty  of conventional reducing  

Although a report indicates th a t A2-cephem  esters agents6 has prevented em ploym ent of this isomerization
are resistant to mild oxidizing agents , 6 we have found procedure in the past. T h e resistance of A3-cephem
th a t a large num ber of percarboxylic acids transform  sulfoxides to reduction is probably due to electronic
A2-cephem  esters into the corresponding A3-cephem  factors since no obvious steric inhibition of the reduc-
sulfoxides. Strong percarboxylic acids (w -chloroper- ing agent is present. B o th  the /3-lactam  nitrogen and
benzoic acid) gave high yields of sulfoxides (7 0 -9 0 % ), the a,/3-unsaturated carboxyl function exert an elec­
providing tem perature and solvent were m aintained tron-withdraw ing effect which strengthens the su lfu r- .
to minimize sulfone form ation. Periodic acid gave oxygen bond relative to  th a t in a  norm al aliphatic
satisfactory  yields of sulfoxides in organic solutions, sulfoxide.
but w eaker oxidizing agents, such as hydrogen per- W e discovered th a t m any com m on reducing agents 
oxide and p eracetic acid, required longer reaction tim es are effective in tne reduction of A3-cephem  sulfoxides
and gave lower yields. T o  prevent acidic decomposi- if the sulfoxide is first activated  by a reactive acid hal-
tion of the cephalosporin nucleus, trifluoroperacetic and ide. F o r  exam ple, N a 2S2C>4 did n ot reduce cephalo-
perform ic acids were used in a diluting solvent such as sporin sulfoxides , 6 but when A cC l was added, reduction
C H 2C12. T he addition of a hydroxylic solvent such proceeded sm oothly.
as ¿-PrO H  reduced the ra te  of sulfone form ation. Some Several types of reducing agents were effective in 
of the sulfoxides were n ot obtained in crystalline form, the presence of a reactive acid halide: anionic reducing

agents such as S20 32^ and I -  ions; cationic agents such
(3) A 2-C ep h a lo sp o ra n ic  ac ids are  in a c t iv e  as a n t ib io t ic s .  as Sn2"*", F e 2"̂ , and Cu~*" ionSJ and trivalent phosphorus
(4) R . B . W o o d w a rd , K .  H e usle r, J . G o ste li, P . N a e g e li, W . O ppo lze r, Compounds, including phoSphineS and phosphites.

R . Ram age, S. R a n g a n a th a n , a nd  H . V o rb r iig g e n , J . Amer. Chem. Soc., 88, m i  , ■, i 1 1 1 • • j
8 5 2  (1 9 6 6 ) .  Ih e s e  re a g e n ts  red u ced  b oth  cep h alosp o ram c acid

(5) A  p a re n te ra l a n t ib io t ic  h a v in g  lo w  to x ic ity ,  p e n ic illin a s e  resistance, S U l fo X ld e S  a n d  t h e i r  e s t e r s ,  
and  e xce lle n t a c t iv i t y  a g a in s t G ra m -p o s it iv e  a n d  G ra m -n e g a tiv e  b a c te r ia
m a rk e te d  as K E F L I N  (sod ium  ce p h a lo th in , L i l ly )  b y  E l i  L i l l y  a nd  C o.

(6) J . D .  C o cker, S. E a rd le y , G . I .  G re g o ry , M .  E . H a ll,  and  A . G . L on g , (7) R . D . G . C ooper, P . V . D e M a rc o , C . F . M u rp h y ,  a nd  L . A . Spangle,
J. Chem. Soc. C, 1142 (1966). ibid., in  press.
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T h e  red u ctio n s p roceed ed  sm o o th ly  in  a  w ide v a r ie ty  (« 11,900), 262 (7200); ir (CHC13) 1795, 1750, and 1690 cm -1;
of so lven ts such  as D M F , T H F ,  C H 2C12, an d  C H 3C N . nmr (CDC13) 5 2.07 (3 H, s), 3.39, 3.56 (2 H, q, /  =  18 Hz),

E v e n  so lven ts in w hich th e  re a c ta n ts  a re  on ly p a rtia lly  3 ™  (2 S  1> iz ) f 5 ' ( ! t
soluble p rov ed  sa tis fa c to ry . Hz), 6 .85-7 .35  (4 H, m).

C a ta ly tic  h y d rog en atio n  of A3-cep h em  sulfoxides A nal. Calcd for Ci8HI7Cl3N2OeS2: C, 40.95; H, 3 .27 ; Cl, 
yielded on ly tra c e s  of red u ced  m a te ria l even  w hen larg e  12 .14; N, 5 .30; S, 20.15. Found: C, 41.19; H, 3 .45 ; Cl,
a m o u n ts  of h y d rog en atio n  c a ta ly s ts  w ere em ployed. 12.? 3; N ’ 5L'5L<?; SU1®j91i: , , , ,
1 - 1  • # a m  i. J  .■ ■ Representative Oxidation Reactions. A. ¿-Butyl 3-Methyl-
In clu sion  of A cC l, h ow ever, effected  th e  red u ctio n  m  7-phenoxyacetamido-2-cephem-4-carboxylate l-O x id e .-T o  a
m o d e ra te  yield . stirred, cooled (in ice) solution of ¿-butyl 3-methyl-7-phenoxy-

W e  su g gest th a t  th e  " a c tiv a tin g  a g e n t” re a c ts  w ith  acetamido-2-cephem-4-carboxylate (12.2 g, 0.03 mol) in CH2C12 
th e  sulfoxide oxygen  to  fo rm  th e  sulfoxon iu m  sa lt (5 ) ( 5 "  oyer a 2_hr period was added a solution of 85%  m-
w hich  is m u ch  m ore  re a c tiv e  tow ard  th e  red u cin g  chloroperbenzoic acid (5.66 g,  0.028 mol) in CH2C12 (500 mol).

, , ,  , ,  , ,  M n ® 1  he reaction mixture was washed successively with 10%  N aH C 03
a g e n t th a n  th e  sulfoxide itself. S uch  a c tiv a tio n  of and H20  and then evaporated to give 12.0 g (93% ) of a gummy 
sulfoxides is a p p a re n t from  th e  w ork of Jo n sso n 8 w hich  product. The sulfoxide crystallized as prisms upon standing,
show ed th a t  m eth y l p -to ly l sulfoxide racem izes ra p id ly  mP 127-128°. The nmr spectrum of this compound showed it
a t  ro om  te m p e ra tu re  in  A c 20  con tain in g  0 .2  m o lar eq uiv ° e a .A &  2 -02

of A cC l. A llen m ark  h as used  I  A cC l A cO H  m  a 6.15 ^  h , q, J  =  4 ,1 0  Hz), 6.70 (i H, s), 6 .S-7.5  (5 H, m ), and
q u a n tita tiv e  d ete rm m a tio n  of d ialkyl sulfoxides in 8.35 (l  H, d, J  =  10 Hz).
A cO H , b u t added A cC l p erm its  rap id  d eterm in atio n . A n al. Calcd for C20H21N2O6S: C, 57.13; H, 5 .75 ; N, 6 .6 6 .

Found: C, 57.16; H, 5.85; N, 6.59.
O From the ether wash of the crystals above was obtained 0.110
|i OAcCF 8 (0-8% ) of another crystalline product, mp 160-161°. The

RiCNH u  u  1 nmr spectrum and elemental analysis of this compound also
V  | ; g+ showed it to be a A2 (-ffi)-sulfoxide: (CDC13) S 1.49 (9 H, s),

_ Y  V| M ,  1-97 (3 H, s), 4.49 (2 H, s), 4.61 (1 H, s), 4.74 (1 H, d, J  =  4
2  Hz), 5.55 (1 H, q, /  =  4, 8 Hz), 6.17 (1 H, s), 6 .8 -7 .5  (5 H, m),

CK J  CH2R2 and 8.15 (1 H, d, /  =  8 Hz).
¿ 0 2R3 Anal• Found: C, 57.30; H, 5 .89; N, 6.71.

5 " Both A2-cephem sulfoxides, when dissolved in a hydroxylic
solvent, were converted to the same A3-cephem isomer produced 

S e v eral re ag en ts  such  as P C 13, P B r 3, S iH C l3, an d  by the Perf°rmic acid oxidation cited below. 
ch lo rom eth y len e dim eth ylim in ium  chloride a cco m -r  -u j  .1 i ,• • ,7 cepAem-4-carboxylate 1-Oxide.— A mixture of A2 and A3 (1 :3 )
plished th e  red u ctio n  w ith o u t e x te rn a l a c tiv a tio n . isomers of p-methoxybenzyl 3-acetoxymethyl-7-phenoxyaeet- 
T h e se  com p ou n ds all h a v e  acid  h alide ch a ra cte r . T h e  amidocephem-4-earboxylate (0.125 g) was dissolved in CHCI3 (4
trih alop h osph ines red u ce  b y  d on atin g  th e  e lectron  m*)> co°led in ice, and stirred while 85%  ra-chloroperbenzoie acid
p a ir on  phosp h orous, w hile th e  success of th e  silanes (0-04 g) m CHC13 (2 ml) was added dropwise. After 4 hr the
0 i • • • ^  i _ i :  a „ __i r i - j  , reaction mixture was washed with saturated N aH C 03 and satu-
an d  im m iu m  h alides p rob ab ly  involves h yd rid e tra n s - rated NaC1. The organic solution was dried over MgS0()
fer sub seq u ent to  a c tiv a tio n . filtered, and evaporated in  vacuo to give 0.127 g of product.

This crystallized from CH3OH to give 0.095 g (75%  yield) of 
. a . 0  .. isomerically pure A3-cephem sulfoxide: mp 161-163°; nmr

Experimental Section (DMSO-d6) S 2.0 (3 H , s), 3.75 (3 H , s), 3.60, 4.05 (2 H, q,
Melting points were determined on a Mel-temp or Kofler J  — 16 Hz), 4 .7  (2 H, s), 4.68, 5.10 (2 H, q, /  =  12 H z), 5.25

melting point apparatus. Infrared spectra were determined with (2 s )’ 9-9 (1 H, d, /  =  4 Hz), 6.10 (1 H, q, /  =  4, 10 Hz),
Perkin-Elmer Model 21. Thin layer chromatographic results 6 .8 -7 .5  (5 H, m ), and 8.20 (1 II, d, J  =  10 Hz),
were obtained on silica gel G, F254 plates. The nmr spectra A nal. Calcd for C26H26N20 9S: C, 57.55; H, 4 .83 ; N, 5.16. 
were recorded with Varian Models A-60 and HA-60 spectrometers Found: C, 57.88; H, 5.14; N, 5.06.
at 60 MHz in 5-10%  deuteriochloroform solution with tetra- B - ¿-Butyl 3-Methyl-7-phenoxyacetamido-3-cephem-4-carbox- 
methylsilane as an internal standard. Elemental analyses were y'ate 1-Oxide (Performic Acid as Oxidant).— A cooled (in ice) 
determined by our microanalytical laboratory. solution of 0.400 g of ¿-butyl 3-methyl-7-phenoxyacetamido-2-

2 ,2 ,2-Trichloroethyl 3-Methyl-7-phenoxyacetamido-3-cephem- cephem-4-carboxylate in 20 ml of CH2C12 was stirred while 5 ml
4-carboxylate.— To a stirred solution of 500 ml of CH2C12 con- °f AeOH containing 0.2 ml of 30%  H20 2 was added dropwise.
taining 17.4 g (0.05 mol) of 3-methyl-7-phenoxyacetamido-3- When the addition was complete, the reaction mixture was
cephem-4-carboxylic acid, 7.9 g (0.1 mol) of pyridine, and 14.9 washed with H20  and then with saturated N aH C 03. The organic
g (0.1 mol) of 2,2,2-trichloroethanol was added dicyclohexyl- solution was dried over Na2SO< and evaporated to dryness to
carbodiimide (10.0 g, 0.05 mol). The reaction mixture was stirred give 0,32 g (77%  yield) of the sulfoxide: nmr (CDCls) S 1.51
at 25° for 90 min; then the dicyclohexylurea was removed by (9 H, s), 2.10 (3 H, s), 3.23, 3.58 (2 H, q, J  =  19 Hz), 4 .5  (3 H,
filtration. The organic solution was washed successively with s +  d, /  =  4 Hz), 6.0 (1 IT, q, J  — 10 Hz), 6 .8 -7 .4  (5 II, m),
cold 0.1 N  HC1, saturated N aH C 03, and H20 ,  dried over MgSO,, and 7-9 ^ H, d, J  =  10 Hz).
and evaporated m  vacuo. The ester (9.5 g, 40% ) was crystallized *-'• ¿-Butyl 3-Methyl-7-phenoxyacetamido-3-cephem-4-carbox- 
from ether: mp 114-116°; nmr (CDC13) 5 2.20 (3 H, s), 3.26, ^ ate 1-Oxide (Periodic Acid as Oxidant).—A solution of 0.200 g
3.46 (2 H, q, /  =  18 Hz), 4.55 (2 H, s), 4.80, 4.95 (2 H, q’ ¿-butyl 3-methyl-7-phenoxyacetamido-2-cephem-4-carboxylate 
J  =  12 Hz), 5.03 (1 H, d, /  =  5 Hz), 5.85 (1 H, q, /  =  4, 9 ' n 29 °f E t20  was stirred at 25° and titrated with a solution 
Hz), 6 .8 -7 .4  (5 H, m), 7 .6  (1 H, d, J  =  9 Hz), showed pure Peri°dic acid in EGO. No starting material was evident by
A3-cephem ester. tic. The reaction mixture was washed successively with water

A n al. Calcd for Ci8H i7C13N20 6S: C, 45.06; H, 3 .57; Cl, and N aH C 03 and dried over N a2S 0 4. Evaporation of
22.17; N, 5.84. Found: C, 44.92; H, 3 .86; Cl, 22.11; N , solvent gave 0.196 g of crude product which was then equilibrated
5.89. (A2 -*■ A3) in CHsOH. Nmr of the equilibrated sulfoxide was

In a manner similar to that described above 2,2,2-trichloro- identical with that of the A3-cephem sulfoxide produced above, 
ethyl 3 - acetoxymethyl- 7 - (2-thienylacetamido)-3-cephem -4-car- D - 2,2,2-Trichloroethyl 3-Methyl-7-phenoxyacetamido-3-
boxylate was prepared in 62%  yield. The ester crystallized cephem-4-carboxylate 1-Oxide.— 2,2,2-Trichloroethyl 3-methyl-
from i-PrOH as needles: mp 120-1220;10 uv (EtOH) 236 mM 7-phenoxyaeetamido-3-cephem 4-carboxylate (1.61 g, 3 .4  mmol)
-------------------  in glacial AcOH (10 ml) was cooled to the freezing point, and a

(8) E . Jonsson, Tetrahedron Lett., 3675 (1967). "— ----------------------

(9) S. A lle n m a rk , Acta Chem. Scand., 20, 910 (1966). (10) R e ference 4, m p  1 2 0 -12 3°.
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solution of 30%  H A  (0.76 g, 6.7 mmol) in glacial AcOH (5 ml) A N ovel D ia ry l E t h e r ,  L L -Y 1 2 5 « ,  f ro m
was added. The reaction mixture was stirred overnight, and the ’ ’
solvent, was removed in  vacuo. The residue was dissolved in a  F u n g u s  o f  t h e  O rd e r S p h a e ro p sid a le s
CH2CI2 and washed twice with H20  and once with 5%  N aH C 03,
dried over Na2S 0 4, filtered, and evaporated to dryness to give W . J. M cGahren, W. W. Andres,
1.50 g of a yellow foam Tic showed the presence of three and M. P. K tjnstmann
components, none of which was starting material. The crude 
product was chromatographed over silica gel (60 g) using a
linear 100% benzene —*■ 100% EtOAc gradient. The fractions Lederle Laboratories, a  D ivision o f  A m erican
were pooled according to purity as determined by tic. The Cyanamid Company, P earl River, New York 10965
major component (0.900 g) was crystallized from acetone-
ether yielding 0.620 g (38% ) of (S)-sulfoxide: mp 176-178° dec; Received December 29, 1969
uvmax (EtOH) 216 m/x (« 3000), 264 (sh), 268 (9S50), 273 (sh);
ir (CHCI3) 1790, 1730, 1680, and 1040 c m '1; nmr (DMSO-d6) tv  , , ,  , , . ,
s 2.13 (3 H, s), 3.74, 3.96 (2 H, t, J  =  19 Hz), 4.70 (2 H, s), D iary ! ethers h ave been isolated from p lan ts1 and
5.04 (l H, d, J  =  5 Hz), 5.05, 5.17 (2 H, t ,  J  =  12 Hz), 6.04 sea sponges . 2 T o  our knowledge the only microbial
(l H, q, J  =  5 , 1 0  Hz), 6 .8 -7 .5  (5 H, m), 8.18 (1 H, d, J  = 10 m etabolite of this type isolated so far is asterric acid,

Hz4 * „ 7  Paled fnr c  h  pi isr n 8 - p  «I ■ h  i  A«- pi 1 - 8  T he closely related compounds, erdin hydrate, I I ,A nai. Paled tor Vi8rli7013IN2U6S. O, 43 .b l, rL, 3.4b, PI, Qnrl rror,n;n ttt „ u , , • , , .
21.46; N, 5 .81; S, 6.47. Found: C, 44.23; H , 4 .02 ; Cl, and geodm h jd ra te , I I I ,  have been obtained by chem-
21.63; N, 5.65; S, 6.55. icai conversion of natural products4 and the elaboration

A second component crystallized from acetone to give the of I I I  by m utants of A s p e r g i l lu s  ter reu s  has been demon-
(tf)-sulfoxide (0.090 g, 0 .5% ) as prisms: mp 186-187°; uvmax stra ted . 6 Diphenyl ethers have been obtained as
(EtOH ) quartet 217, 263 (sh), 267, and 274 (sh) mM; ir (CHCla)
1780, 1730, 1630, and 1040 cm “1; nmr (DMSO-d3) & 2.19 (3 H,
d), 3.75, 4.19 (2 H, q, J  =  16.5 Hz), 4.63 (2 H, s), 4 .78 (1 H, DM n M
d, /  = 5 Hz), 5.08 (2 H, s), 5.65 (1 H, q, /  =  5, 8 Hz), 6 .8 -7 .5  /  \3 /
(5 H, m), 9.32 (1 H , d, J  =  8 Hz). / — (  ) —%

A nal. Found: C .4 3 .6 6 ; H, 3 .66; Cl, 21.39; N, 5 .70; S, H0 ~ \ O / ~ °  \ Q ) — R<

Reducing Agent without External Activation. Phosphorus VfiOR /  '011
Trichloride.— (S)-2,2,2-Trichloroethyl 3-me:hyl-7-phenoxyacet- COOR,
amido-3-cephem-4-carboxylate 1-oxide (2.00 g, 4.03 mmol) was ^
dissolved in CH2CI2 (100 ml) containing PC13 (3.2 g, 22 mmol). I .R ^ C B );!^  =  R3 =  R4 =  H
The solution was heated under reflux for 2.5 hr. After cooling to II,R4 =  R2 = R 3 =  R4 =  H
room temperature, the reaction was neutralized with a saturated III R =  CH ■ R, =  H- R =  r = pi
solution of aqueous N aH C 03, washed with H2O, and dried over ’ 1 3’ ’ 3 4
M gS04. Removal of solvent in vacuo yielded 1.65 g (85% ) of 
reduced material, which crystallized from hot f-PrOH, mp 115—
117°. The nmr, ir, and uv spectra and elemental analysis of the breakdown products from  L ic h e n  d e p s id o n e s 6’7 and
product were identical with those of an authentic sample of in particular, one such compound was characterized
S “  y  3-methyl-PPhenoxyacetanndo-3-cephem-4- a§ ^  trim e th y l e th e r Qf l y  W e  h av e  isolated

Cationic Reducing Agent. Stannous Chloride.— (S)-2,2,2-Tri- 
chloroethyl 3-acetoxymethyl-7-(2-thienylacetamido)-3-cephem-
4-carboxylate 1-oxide (2.0 g, 3.7 mmol) wTas dissolved in CH3CN Me OMe
(15 ml) and D M F (6 ml) and stirred at 0 ° . Stannous chloride \   \  
(624 mg, 4.04 mmol) and AcCl (1.2 g, 1.54 mmoi) were added. / 7 ~A
This mixture was stirred at 0° for 1 hr and then at room tempera- \ v % / ® \V_y/
ture for an additional hour. The CH3CN was removed in  vacuo; )  )  '
the residue was poured into H20  and extracted into EtOAc. OMe Me
The organic solution was washed with 3%  HC1 solution, 5%  jy
N aH C 03 solution, and then with H20 .  After drying over Na2- 
S 0 4, the solvent was removed to give 1.9 g (98% ) of product 
which crystallized from hot ¿-PrOH, mp 120-122°, and was
identical in all respects with authentic 2,2,2-trichloroethyl 3- the novel m etabolite, S^m ethoxy-S^-O xydi-m -cresol
acetoxymethyl-7-(2-thienylacetamido)-3-cePhem-4-carboxylate. (V ), from  a fungus of the order Sphaeropsidales (Lederle

R egistry No.'— 2,2,2-T rich loroethyl 3-m ethyl-7-phe- culture V 125). B y  in  v itro  testing V had weak anti-
noxyacetam ido-3-cephem -4-carboxylate, 2464 7 -4 7 -0 ; fungal activity .
2 ,2 ,2 -trichloroetbyl 3-acetoxym ethyl-7-(2-thien ylacet- Compound V has the form ula Ci5H i60 4 (?re/e.260). 
am ido)-3-cephem -4-carboxylate, 5317 -29 -3 ; f-butyl 3-  ̂ nmr, sPectrum  of V^in C D CI3 shows sharp, three-
m ethyl-7-phenoxyacetam ido-2-cephem -4-carboxylate 1- proton singlets a t  5 2 .05 and 2 .20  ( 2  C H 3, arom atic)
o'xide (S ), 24647 -49 -2 ; ¿-butyl 3-m ethyl-7-phenoxyacet- all<̂  ^-75 (OCH 3, arom atic), two broad one-proton ex-
am ido-2-cephem -4-carboxylate 1-oxide (R ), 24647 -50 -5 ; changeable singlets a t 5 .20  and 4 .57  (2 H , phenolic),
p-m ethoxybenzy 1 3-acetoxym ethy 1-7-phenoxy acetam i-
d o - 3 - C e p h e m - 4 - C a r b o X y la t e  1 -O X ld e , 2 4 6 / 0 - 4 1 - 5 ;  t- (l) P. Bernfeld, “Biogenesis of Natural Compounds,” Pergamon Press, 
b u t y l  3 - m e t h y l - 7 - p h e n o x y a c e t a m i d o - 3 - c e p h e m - 4 - c a r -  The Macmillan Co., New York, n . y ., 1963, p  626.
1 1 r 1 * i  a  a a  a *7 Eli a  0 0 0  Q Burkholder, M. Guez, and G. M. Sharma, American Society of
boxylate 1-OXlde, 24647 -51 -6 ; 2,2,2-onchlorOethyl 3- Pharmacognosy, Tenth Annual Meeting, Aug 18-22, 1969, School of
m e t h y l - 7 - p h e n O X y a C e t a m id o - 3 - C e p h e m - 4 - C a r b o X y la t e  1 -  Pharmacy, Oregon State University, Corvallis, Ore.
oxide OS), 2468 9 -5 2 -9 ; 2,2 ,2-trich loroeth yl 3-m eth yl-7- „ <3) r - Curti^ c  h . Hassau, c .  w. Jones, and t . w . Williams, j .

v n  . ’ ’ ’ i l l  • j  /D\ Chem. Soc., 4838 (1960).
p h e n O X y a C e t a m id o -3 -C e p h e m -4 -C a r b O X y la te  1 -O X ld e  ( / t ) ,  (4) c .  T . Calam, A. E . Clutterbuck, A. E . Oxford, and H. Raistrick,
2 4 6 8 9 - 5 3 - 0 .  Biochem. J . .  41, 453 (1947).

(5) R. F. Curtis, P. C. Harries, C. H. Hassall, and J .  D. Levi, ibid., 90,
Acknowledgment.'— W e thank M r. C . Ashbrook, M r. 43 (1964).

T . Goodson, M iss F . Jose, M rs. G. M attick , and M r. <?> A.sah‘na a n d » w * .  b * «t lea 0 9 8 « .
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and a  m ultiplet (5 H , arom atic) a t  6 .28 . T h e di- Experimental Section12

m ethyl and diethyl ethers V I and V II  were prepared in Fermentation and Isolation.— About 3001. of medium consist-
addition to  the d iacetate derivative V III . T h e nm r ingof 3%  glucose, 0 .2 % NH4OAc, 0 .1%  Na2S 0 4, 0.75%  K 2H P 0 4,

0.03%  KC1, 0.01%  Mg(0 Ac)2-4H20 , 0 .002%  FeCl3-6H20 ,  and 
0 .1%  Yeastamine 95 (A. E . Staley Manufacturing Co., Decator, 

Me 111.) with pH adjusted to 6.5 were inoculated with 12 1. of a 48-hr
/ 3— A / p  A  vegative suspension of Lederle culture Y125 grown on a medium

__0 — y ( ~ F )— Me consisting of 2%  Edamine (Sheffield Chemical Co., Norwich,
\ y —{ /  N . Y .) ,  2%  glucose, and 0 .5%  corn steep liquor (pH adjusted
/  /  to 6 .5 ). Fermentation proceeded for 140 hr at 28° using 1/2

OR, OR2 v/v/m ir) aeration and under mechanical stirring at 300 rpm.
it — nw The pH of the harvest mash was 5.0 . The broth was clarified by

V j Rj = R 2 =  H; R3 — CH3 filtration with diatomaceous earth and the beer was extracted
VI, R2 =  Ri =  R3 =  CH3 with equal volume of CHC13. The concentrated extract ~ 5 0  g

VII, Ri =  Rj =  C2H5; R3 =  CH3 was passed over a kilogram of acid-washed Davison 62 grade
VTTT T? =R^ =  COCH ■ R =CH silica gel using the solvent 2%  ether in CH2C12. The sixth-tenth

’ o ' _  R _-o _ t/ ’ 3 3 holdback volumes yielded an oil which did not crystallize from
. 1— 2— 3— dry soivents. The material did crystallize as the hemihydrate

from CHCl3-hexane to give 23 g of off-white crystals: mp 121.5-
3 c j - in 1 tit n j  122.5°; Xmax (MeOH) 225 nm (e 21,500) (sh), 275 (5100) and

spectrum  of the dim ethyl ether V I showed arom atic 2g2 ;5400). w  (methanoiic NaOH) 235 nm (c 18,800) (sh) and
m ethoxy groups a t  8 3 .75 and 3 .84  and, hence, one of the 290 (5650).
new ly form ed  m e th o x y  groups is in  th e  sam e ch em ical A n al. Calcd for Ci6H i60 4- 0 .5 ^ 0 :  C, 66.91; H , 6 .2 2 .
environm ent as the one already present on the parent Found: C, 67.14; H, 5.90 (m /e  260).

1 Derivatives of V.— The diacetate V III was made using pyri-
C /  ,  , ,  . . . , ,  , dine-acetic anhydride. The pure material was obtained by

R eagents frequently used to cleave ethers such as eluting with CH3COOC2H5-hexane from silica gel: mp 7 5-76°; 
sodium in liquid am m onia8-10 or in refluxing pyridine11 xmax (MeOH) 225 nm (e 19,600) (sh) and 277 (3440). 
left V  m ostly unaltered. Procedures such as refluxing A nal. Calcd for Ci9FI2o06: C, 66.27; H, 5 .92. Found: C,
w ith hydriodic acid and phenol or fusion with K O H , 66-33i 11; 5 -92-
both of which cleave I V ,«  m erely split the m ethoxy ^  S i ?
groups of V  to give I X .  T reatm en t of V I w ith sodium VI was prepared: mp 91-92°; xmax (MeOIi) 227 nm (<• 20 ,200 )
in liquid am m onia gave small am ounts of the mono and (sh). 272 (4900) and 282 (5300).
dim ethyl ethers ( X  and X I )  of orcinol ( X I I ) .  How- A nal. Calcd for Ci7H20O4: C, 70.81; H, 6.99. Found: C,
ever, similar treatm en t of the diethyl ether V II gave 70£ 7 ’ ,, • tr , an , . AT’ . , ,  . , 1 1 ,v -v-ttt The diethyl ether VII was prepared using (C2H5)2S 0 4 and 4 N
~ 8 0 %  yields of the ethyl and m ethyl ethyl ethers X I I I  NaOH to get a colorless oil which could be distilled at 150°
and X I V  of orcinol. Clearly, then, V  consists of or- (7o M) : xmax (MeOH) 225 nm (e 22,400) (sh), 277 (5050) and 282

(5400).
M A nal. Calcd for Ci9H240 4: C, 77.12; H, 7 .65. Found: C,
| 77.01; H, 7.46.

J .  Reactions of V and VI.—An attempt to cleave 1.3 g (5 mmol)
I'T'-a 'I of V by fusion with KOH6 gave 0.90 g of oil following silica gel
I V__(I  chromatography. The material was purified further by partition

p r, f)R, chromatography over diatomaceous earth using the system
1 '  hexane-CH3C0 0 C2H5-C H 30 H -H 20  (8 0 /2 0 /1 5 /6 ). The tenth-

X, R3 =  H; Rj =  CH3 twelfth holdback volumes yielded 500 mg of colorless oil which
XI R =CHyR, =  CH3 spectral data showed to be I X : Xmax (MeOH) 220 nm (e 21,900)

YTl’ R = R  J  H (sh)̂  272 (4500) and 278 (4900); 5 (CDC13) 2.02 (3 H, singlet),
’ „  2.19 (3 H , singlet), 6.27 (5 H, mulitplet), 7.73 (1 H, broad ex-
, 1— 2 5, «2 changeable singlet) and 8.53 (2 H, broad exchangeable singlet).

XIV,R1 =  C2H6;R2 =  CH3 A naL  Calcd for C14H140 4: C, 68.28; H, 5 .73. Found: C,
67.67; H, 5.94.

1 v t t  ___ otnmo About 1.3 g (5 mmol) of VI and 3.5 g of phenol were refluxed
cmol, X I I ,  connected through one of its oxygen atom s in 30 ml q{ 57%  HI for 4 5 hr W o r k . u p  o f  the reaction mixture
to its own m onom ethyl ether (X ) .  A  number ol tacts  gave a y;eicj of
show th a t the bond w ith the second orcinol m oiety is Attempted oxidation of VI in acetic acid using saturated 
formed a t  the position para to the m ethyl group thus K 2Cr20 7 solution6 gave only starting material,
establishing V  as the stru ctu re of the m etabolite. This . Cleavage of Aryl Ether Linkages of VI and VII . - T h e  sodium

, .. n ,1 j. r l - £ in liquid ammonia method used to cleave thalicarpme16 failed to
structure satisfies the condition th a t upon form ation of lit v
the dim ethyl ether the newly formed m ethoxy group When VI was subjected to the same procedure, a small yield 
a t  the 1 ' position is in the sam e chem ical environm ent as (20% ) of an oil was obtained. The oil could be distilled at 90°
the original group a t  5 ' .  If  the connecting bond were (70 to get crystals; mp 6 2-63°, which proved to be X :  xmax

formed a t either of the positions ortho to the m ethyl p72«^3̂  r T r
group, the dim ethyl ether from  both compounds would 5 9 .2 0 - H 7.17. 
be identical with the alectol m aterial (IV ). Since V I  
failed to give a quinone under oxidative conditions
which produce 2-m ethyl-6-m ethoxy-l,4-benZO quinone (1 2 ) M e lt in g  p o in ts  were ta k e n  in  c a p il la ry  tubes  a n d  a re  u n co rre c te d ,

from  IV  and since the aryl ether linkage of V I was N m r  spectra  were recorded on  a V a ria n  A -6 0  in s tru m e n t w i th  tr im e th y ls ila n e

Stable to conditions which cleaved IV , both  of the la tte r as ¡“  ^ " d a r d .  T h e  « v  spectra  were m ade  us in g  a C a ry  60 re co rd in g
1 s p e c tro p h o to m e te r a nd  th e  mass sp e c tru m  was ru n  o n  an  A ib -1  Mfc>9 d ire c t

modes of attach m en t are eliminated. in le t  mass sp e ctro m e te r. P u r i t y  o f co m p o u n d s w as d e te rm in e d  on p re ­
coated th in  la y e r c h ro m a to g ra p h y  p la te s  o f s ilic a  ge l F -254  (0 .25  m m ) o b ta in -

(8) P . A . S a rto re tto  a n d  F .  J . Sow a, J. Amer. Chem. Soc., 59, 603 (19 3 7 ). a b le  fro m  B r in k m a n n  In s tru m e n ts , W e s tb u ry , N .  Y .  S ys tem s v a r ie d  fro m
(9) C . D .  H u rd  a nd  G . L . O liv e r , ibid., 81, 2795 (1959). 5 to  100 %  C H sCO O C aHs in  hexane.
(10) E . J . S tro jn y ,  J. Org. Chem., 31, 1662 (1966). (13) S. M . K u p c h a n  and  N .  Y o k o h a m a , J. Amer. Chem. Soc., 86 , 2177
(11) V . P re y , Ber., 76, 156 (1943). (1964).
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This material was identical with authentic X  prepared by of other double bonds contained in either a larger ring
standard methods.“  . or an acyclic environm ent.2 This synthetic capability

In a repeat of this experiment using a longer reaction time only , , , , , , . .. J  r 4 y  J
a small yield (about 15% ) of a colorless oil was recovered which . '* n ow  been dem onstrated in the case of the diene 
could be distilled at 75° under 80 y. Spectral data showed the limonene (1). 
oil to be X I :  S (CCh) 2.25 (3 H , singlet), 3.70 (6 H , singlet) and
6.19 (3 H, broad singlet). i

A nal. Calcd for C9Hi20 2: C, 71.02; H, 7 .95. Found: C, 1
71.13; H, 7.88. \ \

When 1.0 g ( ~ 3  mmol) of VII was treated with sodium in i L J I
liquid ammonia, an ether extract yielded 470 mg of a light yellow JL
oil which was purified over 62 grade Davison silica gel (2%  \ \  ___  | |
CH3COOC2H5 in hexane) to get 380 mg of a colorless oil. This 2
oil could be distilled at 80° (100 n). Spectral data showed the ] | q u
oil to be X IV : Xma% (MeOH) 223 nm (e 7500) (sh), 273 (1600) / L  I n|_,
and 280 (1660); S (CC14) 1.35 (3 H, tr ip le t/ =  7 Hz), 2.23 (3 H, , J < ~ n
singlet), 3.70 (3 H, singlet), 3.90 (2 H , quartet, J  =  7 Hz) and L*.. [ | —  ^
6.15 (3 H, singlet).

A nal. Calcd for Ci9H h0 2: C, 72.26; II, 8 .49. Found: C, |
72.31; H , 8.47.

Work-up of the reaction mixture on the acid side yielded by 3 s
ether extraction 370 mg of an oil which was purified by partition 
chromatography over 120 g of diatomaceous earth using heptane . . ,  .
saturated with MeOH. The third and fourth holdback volumes A cid-catalyzed hydration of limonene affords a mix- 
gave 300 mg of an oil which upon distillation at 90 c (100 ¿0 gave ture of products, including a- (2) and d-terpineol (3)
crystals, mp 52-53°, which proved to be X III: Ama* (MeOH) and terpin (4), resulting from  com peting protonation of
225 nm (. 8360) (sh) 275 (1670) and 282 (1670); I (CCh) 1 32 both doubIe bonds.i |n one J ,  in ^ c h  selective
(3 H. trip let«/=  7 -8  Hz), 2.17 (3 H, singlet), 3.83 (2 H, quartet, ,• , , , , , , ^  1 /
J  =  7 -8  Hz), 5.90 (1 H, broad exchangeable singlet) and 6.08 reaction  was observed, a ttack  occurred a t  the Cs-Cg 
(3 H, singlet). double bond to afford a-terpineol (2 ).8 B y  con trast

A nal. Calcd for C9H120 2: C, 71.02; H , 7 .95. Found: C, it  has now beer: found th a t xylene-sensitized irradiation
70T 2; H, 7 .83. of (+ )-lim o n er.e  [ ( + ) - l ]  in aqueous solution affords a

VI, and VII is increased significantly as R2 goes from H to t  “ lxture ° { ClS- and VanS-/3-terpmeol (3a), re-
CH3 to C2H6. spectively, as well as a sm all am ount of the exocyclic

isom er 6 with no detectable form ation of the C8- C 9 
R egistry N o.— Y , 24741 -92 -2 ; V I, 24741 -93 -3 ; V II , addition products a-terpineol (2) or terpin (4). Like-

24741- 9 4 -4 ; V III , 24741 -95 -5 ; I X ,  24741 -96 -6 ; X ,  wise, irradiation in m ethanolic solution affords a 1 .6 ; 1
3209-13-0 ; X I ,  4 1 7 9 -1 9 -5 ; X I I I ,  24741 -99 -9 ; X I V , m ixture of the corresponding m ethyl ethers cis- and
24742- 00-5 . trans-3b as the only detectable addition products.

. , , , , n7 • u * i tv -d on Thus photoprotonation affords a powerful m ethod of
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(14) H .  W a lb a u m  a nd  A . R o se n th a l, B e r 67, 770 (1924).

___________________ ^ P R

P h o to c h e m is tr y  o f  C y c lo a lk e n e s . j

V II . L im o n e n e 1
/  cis-3

P aul, J .  K hopp I I #  _>OR

i ^ S  _ _  r ) ____ ^  p i
The Procter & Gamble Company, L J  ■*-------- k A l  J

M iam i Valley Laboratories, Cincinnati, Ohio 45239 Y  jT

Received Jan u ary  19, 1970  (+)-| 5  trans-3

R ecen t studies have shown th a t photosensitized ir- It
radiation of cyclohexenes and -heptenes in hydroxylic b 'R 'C H  (~ H  . k J
solvents results in a light-initiated protonation of the ’ 3
olefin.2'3 Since this behavior is specifically limited to
six- and seven-m em bered-ring olefins, photoprotonation 6
should afford the unique synthetic advantage of per­
m itting the selective protonation of a cyclohexene or I t  is of further interest to note th a t the recovered  
-heptene m oiety of a complex molecule in the presence unreacted limonene was found to have undergone ex-

(1) P a rt  V I :  p . J. K ro p p  a n d  h . j. K rauss, j . Amer. chem. Soc., 9i, tensive racem ization (84% ) as would be expected for
7466 (1969).

(2) P . J . K ro p p  and  H . J . K ra u ss , ibid., 89, 5199 (1967). (4) F o r  a re ce n t re v ie w  o f th e  c h e m is try  o f lim o n e n e , see J . Verghese,
(3) J . A. M a rs h a ll,  Accounts Chem. Res., 2, 33 (1969), and references Perfum. Essent. Oil Rec., 69, 439 (1968).

c ite d  th e re in . (5) L .  K u c z y n s k i and H . K u c z y n s k i, Rocz. Chem., 26, 432 (1951).
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th e  reversible form ation of the sym m etrical carbonium  R egistry N o .— ( + ) - l ,  5989 -27 -5 ; cis-3 a , 20288 -25 -9 ; 
ion interm ediate 5. This is further support for the trans-3 a , 20288 -26 -0 ; m -3 b , 24655 -71 -8 ; trans-3b ,
previously proposed interm ediacy of a free carbonium  24655-72-9 .
ion in the photoaddition of hydroxylic m edia to cyclo- .  T
. K , Acknowledgm ent.— T he technical assistance ox J .
hexenes a n d -h e p te n e s /’“ * , • • , ,

Alvis is gratefully acknowledged.

Experimental Section6

Irradiation of (+)-Lim onene. A. Under Aqueous Condi­
tions.— A solution containing 3.0 g of limonene, [a] nd + 1 1 2 ° , ,__n  v
and 3.0 g of m-xylene in 150 ml of 50%  aqueous f-butyl alcohol S tu d ie s  in  th e  G an g lio sid e  S e rie s . V .
containing 1%  sulfuric acid was irradiated for 2 hr. Gas chro- S y n th e s is  o f  2 -A c e ta m id o -2 -d e o x y -0 -/3 -
matographic analysis revealed the continued presence of limonene w i  r ,  o  ™
(17% ) and the formation of the diene 6 (2% ), a 1 .2 :1  mixture of D -g lu c o p y r a n o s y l - ( l -^ -3 ) - t i - /3 -  -
cis- and irans-/3-terpineol (3, 74% ), and several unidentified minor g a la c t o p y r a n o s y l - ( l - > - 4 ) - D - g l u c o s e 1
products.

The reaction mixture was neutralized with sodium hydroxide 
solution and the organic materials were isolated by extraction A. J . Acher, Y . R abinsohn,
with ether in the usual fashion. Isolation by preparative gas E . S. R achaman, and David Shapiro
chromatography of the first component afforded a colorless liquid,
m /e  138, which was not further characterized but is assumed to be Department o f  Chemistry, The W eizmann
p-menth-8-ene.7 Institute o f Science, Rehovoth, Israel

Isolation of the second component afforded a colorless liquid 
[m /e  136 (34), 93 (100), and 79 (57)] which exhibited an infrared * « * « * 1  February g, 1970
spectrum identical with that of p-mentha-1(7), 8-cfiene (o).°
Isolation of the third component afforded recovered limonene, .
[a] 30d + 18° (c 0.20, ethanol). In  recent com m unications2 we described a new ,

Isolation of the fourth component afforded irans-/3-terpineol as highly stable and reactive hexosam inyl brom ide of ty p e
colorless needles: mp 28-28.5° (sealed capillary); nmr spectrum j j j  which facilitates the synthesis of am inosaccharides.

m/e’3136(S(52 ) , Cm  0 2 ) !  107( (32 ), 99 (32), 93 (60), 7 1 ’(100), 69 W e  now  re p o rt th e  syn th esis  of th e  title  com p ou n d
(41 ), 68 (34), and 43 (64). The infrared spectrum was identical (V I, C h a rt  I ) .  T h is  trisa cch a rid e  h as b een  iso lated
with that reported by Mitzner, et a l.,  for “ cfs-/3-terpineol” 9 from  h y d ro ly sa te s  of th e  p olysacch arid es  found in  h u -
and with that reported by Henbest and McElhinney for the m a n  m ilk .6’6 I t  is s tru c tu ra lly  re la te d  to  th e  SO-called
“ irons” isomer-'0 . . o “ ganglio-V -triose-II”7 which is inherent in the m olecu le

Isolation of the final component afforded m-/3-terpineol as f  , , , ,. . , , , •__. , •_
colorless needles: mp 33-34° (sealed capillary); nmr spectrum of the abnorm al ganglioside accum ulating in brai 
T 5.36 (s, 2, CHi-9), 8.31 (s, CH3-10), and 8.79 (s, CH3-7); tissue w ith T ay -S ach s  disease.8'9
m /e  154 (tr),.l36  (84), 121 (42), 108 (28), 107 (48), 94 (19), 52 I n a n  earlier re p o r t10 w e h a v e  show n th a t  selectiv e  
(93), 84 (20), 79 (24), 71 (100), 69 (42), 68 (29), 67 (20), 58 (20), su b stitu tio n  of lacto se  ca n  be ach iev ed  via its  isop rop yl-

idene derivative I  and th at bro.no sugars re a ct prefer- 
for the “ cis” isomer by Henbest and McElhinney,10 lit.10 mp 36°. entially With the equatorial C -3 hydroxyl group Of the  

B. In Methanol.— A 150-ml methanolic solution containing benzyl lactoside II  under K oen igs-K n orr conditions.
3.0 g of (+)-limonene and 3.0 g of m-xylene was irradiated for T b e  b enzyl lacto sid e  I I ,  p revio u sly  iso la ted  as a  
10 hr. Gas chromatographic analysis revealed the continued v iscous m ass cou ld now  be o b tain ed  in p u re  cry sta llin e  
presence of limonene (6% ) and the formation of p-mentha-l(7),8- Tx u + .1 , 1 T
diene (6) and the ethers cis- and frans-3b in yields of 39, 28, and form . I t  w as ob served  th a t  h yd rolysis  of I W ith h ot 
18% , respectively. aq ueous a c e tic  acid , a  m eth od  com m on ly  em p loy ed  for

Isolation of the principal ether product afforded m-p-menth-8- th e  rem o v al of an  isopropylidene grou p , w as in v a ria b ly  
en-l-yl methyl ether as a colorless liquid: Xma* 6.02 and 11.22 /i; acco m p an ied  b y  p a rtia l d e a ce ty la tio n . T riflu o ro a ce tic

* ? ,* >  h(l ro lysi“
168.1514), 85 (100), 72 (36), 55 (64), 43 (34), and 39 (50). is ca rried  o u t m  ch lo roform  con tain in g  1 0 %  of th e  re a -

Isolation of the minor ether component afforded trans-p-m eih- g e n t an d  is com p lete  a fte r  2 0 -3 0  m in, w h ereb y  only
8-en-l-yl methyl ether as a colorless liquid • Xmax 5 .98 and 11.16 tra c e s  of b y -p ro d u cts  a re  form ed. W h ile  th is  m e th o d

g  S J S T 3  'S s> - m/e °”  labo; T y' Gof manH Z
CuHsoO: 168.1514), 136 (41), 93 (44), 72 (49), 69 (45), 55 (60), ported the use of 9 0 %  aqueous trifluoroacetic acid for
43 (100), 42 (79), 41 (66), 40 (44), and 39 (52). the hydrolysis of ketals in various sugar derivatives
-----------------  , . , , which were, however, devoid of acetoxyl groups.

(6) In fra re d  spectra  w ere  o b ta in e d  on  nea t sam ples w ith  a P e rk in -E lm e r  . . £ T T  , ,  L  • i
In fra c o rd  sp e c tro p h o to m e te r. N u c le a r m a g n e tic  resonance s p e c tra  w ere  Th.e K o e H l g S ~ K l l O r r  r e a c t i o n .  O l 1 1  W l t l l  th.e bromide
d e te rm in e d  in  ch lo ro fo rm -da  s o lu tio n  w ith  a  V a ria n  H A -1 0 0  s p e c tro m e te r, I I I  afforded, after column chrom atography, the pure
us in g  te tra ra e th y ls ila n e  as a n  in te rn a l s ta n d a rd . Gas c h ro m a to g ra p h ic  s u b s t i t u t e d  trisaccharide IV . C ataly tic  d e - O - a C y l a t i o n  
ana lyses were p e rfo rm e d  on  an  A e ro g ra p h  90-P  in s tru m e n t u s in g  10 f t  X
0.25 in .  co lu m n s packe d  w ith  2 0 %  SE -30 o r  C a rb o w a x  2 0 M  on  6 0 -8 0  m esh
C h ro m o so rb  W . M ass spectra  were o b ta in e d  us ing  an  A t la s  M o d e l C H -4  (1) T h is  w o rk  was s u p p o rte d  b y  U . S. N a tio n a l In s t i tu te s  o f H e a lth ,
o r  S M -1  sp e ctro m e te r. I r ra d ia t io n s  were co n d u c te d  us in g  a H a n o v ia  4 5 0 -W , P L  480, A g re e m e n t N o . 425115.
m e d ium -pressu re  m e rc u ry  a rc  a nd  a w a te r-co o le d  Y y c o r  im m e rs io n  w e ll.  (2) D .  S h a p iro , A . J. A ch e r, a nd  E . S. R a ch a m a n , J. Org. Chem., 82, 3707
V ig o ro u s  s t ir r in g  o f th e  re a c tio n  m ix tu re  was e ffected  b y  th e  in t ro d u c t io n  o f (1967;.
a  s tre a m  o f n itro g e n  th ro u g h  a je t  o p e n ing  in  th e  b o t to m  o f th e  o u te r  ja c k e t .  (3) A . J . A c h e r and  D . S h a p iro , ibid., 34, 2652 (1969).

(7) Som e re d u c t io n  n o rm a lly  accom panies th e  p h o to p ro to n a tio n  o f c y c lo -  (4) D .  S h a p iro  a nd  A . J. A ch e r, ibid., in  press,
hexenes; see J . A . M a rs h a ll a nd  A . R .  H o c h s te tle r, Chem. Commun., 296 (5) R . K u h n  and H .  H .  B a e r, Chem. Ber., 89, 504 (1956).
(1968). (6) R .  K u h n , A . G auhe, a nd  H .  H . B a er, ibid., 89, 1027 (1956).

(8) B . M .  M itz n e r,  E . T .  T h e im e r, a n d  S. K .  F reem an, Appl. Spectrosc., (7) R . K u h n  a nd  H .  W ie g a n d t, ibid., 96, 866 (1963).
19, 169 (1965). (8) k .  S ve n n e rh o lm , Biochem. Biophys. Res. Commun., 9 , 436 (1962).

(9) B .  M .  M itz n e r  a n d  S. Lem b e rg , Amer. Perfum. Cosmet., 81 (3 ), 25 (9) L .  S ve n n e rh o lm , J. Neurochem., 10, 613 (1963).
(19 6 6 ); B . M .  M itz n e r ,  V . J. M a n c in i,  S. L e m b e rg , a n d  E . T .  T h e im e r , (10) D . B e ith -H a la h m i,  H . M .  F lo w e rs , a n d  D . S h a p iro , Carbohyd. Res.,
Appl. Spectrosc., 22, 34 (1968). 5» 25 (1967).

(10) H .  B . H e n b e s t a n d  R . S. M c E lh in n e y , J. Chem. Soc., 1834 (1959). (11) L . G oodm an, ibid., 7 , 510 (1968).
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Chart I

CH2OAC CHgOAc CHgOAc CH2 0Ac

. 0 /  ° \ _  /  ° \O C H 2 Ph H O /  ° \ _  /  °\ OCH2Ph
IV  ) \  l  J  CF3 COOH V  Y  O /  N
L \ o  J  V A o a c  /  \ O H  /  \ X O A c  J

CH3  O A c  O Ac OAc OAc

I II

CH 2 OR CH2 OR c h 2 o r “  c h 2 o r "

)  °\ /  ° \ 0

R o \ _____/  Br R 0 ^ L * b /  1  /

HNCCHClg NH OR“ OR"

0 R1

H I , R =  COPh I V ,  R *  COPh ; R1-  COCHCI2  ; R“ *  COCH 3  ; R"‘ - C H 2 Ph

V  , R - R " « H  , R ' - C O C H C l 2  ; R " ' - C H 2 Ph 

V I ,  R - R "  ; R‘ =  COCH3

under v e ry  m ild  con d ition s g a v e  th e  d ich lo ro acety l the reaction was allowed to proceed with stirring at 40° for 7
d e riv a tiv e  V , w hose s tru c tu re  w as confirm ed b y  p erio- days. The cooled solution was poured into a mixture of ice-
d a te  o xid ation . H y d ro g e n a tio n  of th e  la t te r  com p ou n d  water (100 ml) and chloroform (150 ml). The chloroform layer

u  j  u  41. • j  u  w  J  • <■ , ,  was washed several times with cold water, dried over sodium
resu ted  b o th  m  d eb en zylatio n  an d  con version  of th e  suifate, and evaporated in  vacuo. The residue was chromato-
d ich lo ro acety l in to  th e  a c e ty l  grou p . In  view  of th e  graphed on silica gel Davison, grade 950, 60-200 mesh (200 g),
lab ility  of th e  1—»-3 bon d  to  alkali, th e  la t te r  re a c tio n  fr°m which IV was eluted with methylene chloride-ethyl acetate
is p referab le  to  h yd roly sis  b y  d ilu te  b ariu m  h yd roxid e  Crystallization from alcohol and a few drops of hexane

p reviously  re p o rte d .2 T h e  final trisa cch a rid e  (V I) f o l 6,? ;4,,8 m S  nTv. U  • 1 1 J  -J  ,v , , J  1 125-127 , [a]I8n - 5 0  (c 1, chloroform); ir (K B r) 5 .9 , 6.4
th u s o b tain ed  show ed id e n tity  w ith  th e  n a tu ra l p ro d u ct (amide), 11, 2 (¿¡-glycoside), and 12.3 M (CC1). The nmr spec-
in m eltin g  p oin t an d  o p tica l ro ta tio n . trum showed signals at r  2- 2.8  (20 aromatic protons), 7 .84-7 .97

(15 acetyl protons), and 4.15 (1 dichloroacetyl proton).
A nal. Calcd for C58H6IC12N0 24: C, 56.77; H, 5.01; Cl,

Experimental Section 5.78. Found: C, 56.82; H, 4 .91 ; Cl, 5.55.
Benzyl 4-0-(2,6-Di-0-acetyl-3,4-0-isopropylidene-PD-galacto- B,enZY / f De0T ^ “diCh1oroaceta™ido-0-(l-D-glucopyranosyl)-

pyranosyl)-2,3,6-tri-0-acetyl-/3-D-glucopyranoside (I).— The com- nD' f  topyranosyllM ;l ^  -^D-glucopjnanoside
pound was prepared following the procedure described pre- • 1 , f a y a wn, compoun IV (350 mg) was dissolved
viously.10 The syrupy product eluted from the silica gel column “ /hioroform  O anod ^ solute methanol 20 ml). The solu-
could be crystallized from 2-propanol, [a] **d - 10 .2 ° (c 2 , chloro- Wa® C° ° led, ^  and a s° te l0 !) ° J  L N  barium methoxide
form) mp 85-86° (0.3 ml) was added. After standing at 2 -5 ° overnight, the solu-

A nal. Calcd for C32H420 i6: C, 56.30; H, 6.20. Found: C, £ ? n was neutralized with Dowex 50 X  8 , 50-100[mesh, H+ form. 
56 58* H 6 16 ^ tra te  was evaporated m  vacuo, and the residue was crystal-

Benzyl 4-0-(2,6-D i-0-aCetyl-(5-D-galactopyranosyl)-2,3,6-tri-0- Hzed fr0™ abs,olf  ? fewQdr°Ps ..°f .e* « : (ben-
acetyl-0-p-glucopyranoside (II).— A solution of I (5.0 g) in ’ r f 'n ‘ o° 2 ' \ , yle<n 18Cl,mg (90 / «),;
chloroform (45 ml) was treated at room temperature for 20-30 9 “  \ , • ' ’ .me a£° ' consumed
min with trifluoroacetic acid containing 1%  of water (5 ml). 2 '° f  m?o1 °r  sodium metapenodate during 72 hr at 40 
The optimal reaction time was determined by tic. The solution A ™ \  Calcd for C2,H 39C12N 0 : Cl, 10.07. Found: Cl, 10.22.
Was concentrated in  vacuo at room temperature, and the reagent . . Ce ami ? ',5  a<(xy" 0 "gtu/ipyranosy - (  -» 3 ) -0 - /3 - d-
was completely removed by coevaporation with toluene. Tic galactopyranosyl-(l-4)-D-glucose (V I) .-T h e  preceding com- 
(ethyl acetate-benzene 3 :1 )  showed one reaction product and P™ nd (^ ’ ,150 mg) hydrogenated in methanol (50 ml) with 
only traces of deacetylation. Dichloromethane-ethyl a<*tate ¿0 %  palladium-on-charcoal (2 g) a t 40° and 55 psi. After 48
(4 : 1 ) eluted from a silica gel column pure starting material (1.1 hr the suspension was allowed to cool and filtered through a
g, 22% ). A 1 :1  mixture of the same solvents yielded II (3.18 g, Celite bed. The residue resulting from the evaporation of the
67% ), which was crystallized from ether: [ « P d - 2 8 °  (c 2, solvent crystallized from a mixture of ethanol (4 m ), ether (1
chloroform), mp 158-159°; reported'» as a syrup, [«]d - 2 3 .2 °  T  1  f  /  as
(chloroform). 209 ; [«]20d + 3 9 .5 °  (c 0 .8 , water) (reported6 mp 201-202°;

A n al. Caicd for C29H380 i6: C, 54.20; H, 5.96. Found: C, *“ ] d + 4 0 .7 ° ) ;  tic (1-butanol-acetone-water, 4 :5 :1 )  R v m
[ta 10 , tt r 00 U.o, JXlactose U./ .

Benzyl (2 Deoxy-2-dichloroacetamido-3,4 ,6-tri-O-benzoyl-d-D- A n al C M  fo r  C ^ O , :  C, 44.03; H, 6 .47. Found: C,
glucopyranosyl)-( 1-^-3 )-0-(2,6-di-O -acetyl-^-D -galactopyrano- ' ’ ’
syl)- ( l -* 4  )-2 ,3 ,6-tri-0-acetyl-/3-o-glucopyrano side (IV).— To a 
solution of I I  (1.0 g) in dry dichloroethane (30 ml) were added _  . ,
mercuric cyanide (0.75  g) and 3,4,6-tri-0-benzoyl-2-deoxy-2- R e g is try  H o . I ,  1 8 4 0 4 -7 4 -5 ; 11, 1 8 4 0 4 -7 5 -b ; IV ,
dichloroacetamido-a-p-glucopyranosyl bromide (III, 3.5 g), and 2 4 7 4 1 -5 8 -0 ; V, 2 4 7 4 1 -5 9 -1 ; V I, 2 4 7 4 1 -6 0 -4 .
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R e a c t io n  o f  M a lo n o n itr ile  w ith  C a rb o n  5-am ino-4-cyano-l,2-dithiole-3-thione (1 0 ).6 C om -
D isu lf.d e  in  a n  A q u e o u s  A lk a lin e  M e d iu m  Pound 6 on treatm en t with acetic acid w as converted

into a tn m er of dim ercaptom ethylenem alonom trile.
T atsuo T ake shim a, 1“ M asataka Y okoyamV *  . Compounds 4, 6 , and 7 were converted to the respec-

Naoaki F  ckada, 1* and M akiko Akano16 tive dim ethyl derivatives for the purpose of confirm a­
tion of stru ctu re .3

Department o f  Chemistry, Faculty o f  Science, T he structures of 9 and 10 are m ainly based on the
Chiba University, Yayoi-cho, Chiba City, Ja p a n , and  ch aracteristic uv spectra. These two compounds h ave

The Institute o f  Physical and Chemical Research, been synthesized by Soderback from  the corresponding
Yamato-m achi, K itaaaacht-qun, Saitam a-ken, J a p a n  , ,, , n nj. R /c, , TS

dim ercaptoethylene and sulfur6 (¡Scheme 1).

Received October 9, 1969
Experimental Section

A  ch aracteristic compound, 4,6-diam ino-3,5-dicyano- Preparation of 4,6-Diamino-3,5-dicyano-2H-l-thiopyran-2- 
2 H -l-thiopyran-2-thione (1), was easily obtained in thione (1). Method A.— A mixture of malononitrile (bp 104-
good yield from  malononitrile and carbon disulfide in 106° (7 mm), 50 g, 0.76 mol), carbon disulfide (114 g, 1.5 mol),
aqueous alkali. Compound 1 also was obtained by the and 280 of aqueous ammonia (28% ) was stirred at room tern-

x- r i • /o\ t i *x *i u perature for 6 hr. The yellow solid product was collected,
reaction of the dimer (2) of m alononitrile with carbon £ ashed with water and recrystallized from pyridine, and
disulfide in an aqueous alkaline medium. T h e stru c- dried at 130° for 6 hr to give yellow needles (1): yield 51 g (62% ).
ture of 1 was proposed on the basis of ir and nm r spectra This compound turned brownish near 300°. A n al. Caled
together with the course of the reaction. T he ir f°r C7H4N4S2: C, 40.39; H, 1.94; N, 26.92; S, 30.75; mol
spectrum  showed two separate absorptions a t  2200  cm -1  wt, 208.13. Found: C, 40.41; H, 2 .05; N, 27 j0 8 ; S ,  30.32;
/  , , . , „T , , , mol wt (mass spectroscopy), 208. Uv max (99%  EtO H ) 253
(conjugated C N  stretching) and 2210  c m " 1 (noncon- m#I (br> log e 4 .10), 276 (4.09), 331 (3.93), 391 (4 .16); ir (K B r)
jugated C N  stretching). T he nm r spectrum  showed 3400 (w), 3310 (s), 3280 (ah), 3220 (a), 3140 (s, rNH2), 2210,
only one peak, which had a ch aracteristic broad shape 2200 (a, k c n ), 1650,1630 (vs, Sn h 2), 1545 cm -1 (vs. voonj c_c); nmr
of an amino group (5 8 .5 0 , N H 2). Thus the form ation (DMSO-ds) s 8.50 (br, 4, NHS).
of 1 was believed to  proceed through interm ediate 3,
th a t  IS, to  in volve a tta c k  of ca rb o n  disulfide on th e  a c -  crystallization. This compound turned brownish near 300°. 
t iv e  m eth ylen e of 2 . A nal. Caled for C7H 6N4OS2: C, 37.17; H, 2 .67; N, 24.78;

Along w ith 1, a sm all am ount of the trim er of malono- s > 28.80; mol wt, 226.0. Found: C, 37.28; H, 2 .93 ; N, 
nitrile and di(am m oniom ercapto)m ethylenecyanothio- acetcnef' 28 '35 ’ mo1 w t’ 225,4 (vaP°r'P resslire osmometer, in

acetam ide (4) were isolated from  the reaction product. ^M ^thod B . - A  mixture of malononitrile (25 g, 0.38 mol), carbon
T h e structures of the la tter two compounds were disulfide (57 g, 0.75 mol), and 10 g of sodium hydroxide in 100 ml
assigned on the basis of ir and nm r sp ectra  and the of water was shaken for 24 hr, yield 5 g (12 .5% ). The ir spec-
courses of syntheses. T h e trim er was believed to  be trum was identical with that of l prepared by method A.
4,6-diam ino-3,5-dicyano-2-cyanom ethylpyridine (5 ), . Method C.-M alononitrile dimer (2) was prepared according

, . , . i l ' i i  n i to Carbom s tetrahydrofuran method.7 Compound 1 was pre-
Which IS different from  the one obtained by Pleuger pared, in the same way as in method A, from malononitrile dimer 
and P a p e .2 (20 g, 0.15 mol), carbon disulfide (15 g, 0 .2  mol), and 150 ml of

T h e reaction of m alononitrile and carbon disulfide in aqueous ammonia (28% ), yield 29 g (93% ). The structure
liquid am m onia gave di(am m oniom ercapto)m ethylene- determination wasphased on the ir spectrum.

m alo n o m trile  (6 ) . T h is  ty p e  of com p ou n d  is gen erally  methylenecyanothioacetamide (4).- T h e  reaction mixture in the
p rep ared  b y  th e  a c tio n  of alk oxid e .3 C om p ou nd  1 could case of method A, freed from 1, was kept overnight in an icebox,
n o t be syn th esized  b y  th e  re a ctio n  of 6  an d  m alo n o - About 10 g of a yellow material precipitated. Recrystallization
n itrile . from pyridine-water yielded 0.5 g of a light yellow powder.

W hen ethyl cyan oacetate  was treated  with carbon 4 ri0/ '  1 Q9 a,!cd l or CThNs: C 5A 24; H, 2 .82 ; N, 41.98; 
,. i c j  - A  ,  . mol wt, 198.2. Found: C, 54.24; H, 2 .64; N, 41.77; mol wt

disulfide m  the presence of aqueous am m onia, it gave (mass spectroscopy), 198. Ir (K Br) 3430, 3340 (s), 3240 (m,
di(am m oniom ercapto)m ethylenecyanoacetam ide (7). ¡'nh2), 2960 (m, vchi)> 2218 (m, rcn), 2200 cm 1 (vs, ĉonj cn)-
In  addition, a  sm all am ount of a  compound (C 9H 17N 5-  nmr (DMSO~d6) 5 7.45 (s, 4, NH2), 3 .95 (s, 2 , CH2). From the
O3S2) , which is possibly a m olecular compound of cyano- abovr analytical results, the compound was believed to be 4,6-

acetam ide and ethyl di (am m oniom ercapto) m ethylene- “ f i f t m t e ^ (5) were re-
cyan oacetate , was isolated. This compound, on oxida- moved was concentrated to about one-half volume under reduced
tion with hydrogen peroxide, gave colorless needles, pressure at 40-45° and kept overnight in an icebox. The yellow
rnp 2 2 3 -2 2 4 ° . T h e UV spectrum  resembled th a t  of precipitates obtained were recrystallized from water, washed
3 ,5 -d i(m e th y la ce ty lm e th y le n e )- 1 ,2 ,4 -trith io le , 4 an d  with1^ h“ ®l’ “ d .d™ d:. yf llow (4 )’/ ie,d 6-1 g (3 .9% ),
ii ii 4. x x x* i j  • / j o  r j * mP 136-137 dec (slow heating), 153-156 dec (rapid heating),
th u s  th e  s tru c tu re  w as te n ta tiv e ly  d esig n ated  3 ,5 -d i-  A naL  Calcd for c 4H10N4S3: C, 22 .8 6 ; H, 4 .86 ; N, 26.66;
(cyan ocarb eth oxym eth ylen e)-l,2 ,4-tn th io le  (8). S, 45.68; mol wt, 210.15. Found: C, 23.23; H, 4 .83 ; N,

F u rth er, 7  was treated  with acetic acid to  give 26.56; S, 45.36; mol wt, 214.7 (vapor-pressure osmometer, in
5-am ino-4-carbam oyl-l,2-dithiole-3"thione (9 ).5 C om - acetone). Uv max (99%  EtO H ) 288 mM (sh, log e 2 .88), 310
pound 6, unlike 7, did n ot afford the corresponding (2,97/ ’ f , ™ 3310 ^ » \ 3080’ 2960/ sCb̂
dithiole on the sam e treatm en t, but 4 , which w as cm1* (s, br, ¿ . T  The co ^ o u n d  produced^ vToleutldration
prepared from  6 by addition of hydrogen sulfide, gave on sodium nitroprusside test.

Methylation of 4 .— To a solution of 4 (1.8 g) and sodium hy-
(1) (a) Chiba University; (b) The Institute of Physical and Chemical droxide (0.8 g) in 100 ml of water was added dropwise 5 g of di- 

Research.
(2) F . Pleuger and K. Pape, Justus Liebigs Ann. Chem., 412, 273 (1928).
(3) E. Soderback, Acta Chem. Scand., 17, 362 (1963). (6) E. Soderback, Acta Chem. Scand., 19, 549 (1965).
(4) A. J. Kirby, Tetrahedron, 82, 3001 (1966). (7) R. A. Carboni, D. D. Coffman, and E. G. Howard, J .  Amer. Chem.
(5) R. Mayer, P. Rosmus, and J. Fabian, J. Chromatogr., IS, 153 (1964). Soc., SO, 2838 (1958).
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S c h e m e  I

NC /NC Y 1*2 \  ® f
;C = C C H 2CNa ( ;C = C C H C N ) HZN— ^ C = S

n c 7  I o ir  I n c 7  I /  ?
n h 2 \  c ssh /  ¿ N

2  3 10

AcOH

CS2 n h 2 s h  n h 2

Nc\  / SNH'- — l  cs Nr_ r A r _ m  HN=C\  / SNH< Nr rN
' c = c '  -------------- NCCH2CN NC ^ CN +  ; c = c (  +  N C _ ^ ^ C -C N

NC SNH4 oh h 2N - C S q/ C = S  NC7  X SNH4 H2N - C W C -C H 2CN
6 b 4  W

1 (major product) 4  5

NCW SNH4 ^  ? — ?
h 2n - c 7  x s n h 4 h 2n - c ^ c - s

II I
o  c o n h 2

7 9

C2H50 2C CN
C = c  > = C  

NC S - S  C02C2H5 
8

* The structure of the dimer of malononitrile was considered to assume enamine form on the basis of the ir spectrum which showed 
two separate absorptions (2210 and 2200 cm -1) of the two cyano groups and the nmr spectrum of NH2 (5 8.50 in DMSO-de).

methyl sulfate under stirring. The yellow material was col- kept overnight at room temperature. A yellow solid material
lected and recrystallized from pyridine-water: yellow needles, was collected and recrystallized from DMSO to give a yellow
yield 1.5 g (86% ), mp 219-220°. A nal. Calcd for C6H8N2S3: powder, yield 2 g (74% ). The compound had formula (C4H2-
C .3 5 .3 0 ; H, 3 .95; N , 13.72; S, 47.03; mol wt, 204.14. Found: N2S2)3. A nal. Calcd for Ci2H6N6S6: C, 33.81; H, 1.41;
O, 35.52; H , 4 .14 ; N, 14.00; S, 46.97; mol wt', 213.5 (vapor- N, 19.70; S, 45.10; mol wt, 426.6. Found: C, 33.90; H,
pressure osmometer, in acetone). Uv max (99%  EtO H ) 245.5 1.41; N, 19.82; S, 45.05; mol wt, 420 (vapor-pressure osmom-
m/i (log c 4 .05), 315 (3.94), 367.5 (4.27); ir (K Br) 3320 (s, eter, in acetone).
vnii), 2990 2910 (w, vcm), 2192 (s, vcft), 1605 (vs, rc-isr), 1480 Conversion of 6 into 4.— Compound 6 (8 g) was dissolved in 100
(m, v c-c), 1380 cm -1 (vs, 5chj); nmr (DMSO-de) 8 2.60 (s, 3, ml of ethanol, and hydrogen sulfide was passed through for 30
CH3), 2.50 (s, 3, CH3). The compound was di(methylthio)- min. The reaction mixture was shaken for an additional 3 hr;
methylenecyanothioacetamide. I t  produced a violet coloraton 0.5 g of 4 was obtained. The compound was identified as 4 by
on sodium nitroprusside test. a mixture melting point test. Compound 4 was converted into

Treatment of 4 with Acetic Acid.— To 4 (2 g) in 100 ml of water 10 on treatment with acetic acid as mentioned above, 
was added acetic acid (4.5 ml). The reaction mixture was Preparation of Di(ammoniomercapto)methylenecyanoacet- 
allowed to stand for 1 hr at room temperature. The crude amide (7).— A mixture of ethyl cyanoacetate (120 g, 1.1
product was collected and recrystallized from pyridine-water to mol), carbon disulfide (161 g, 2.1 mol), and 360 ml of aqueous
give yellow prisms, yield 1.2 g (72% ). A nal. Calcd for C4H2- ammonia (28% ) was stirred at room temperature for 8 hr. The
N2S3: C, 27.60; H , 1.15; N , 16.10; S, 55.50; mol wt, 174. crude product was collected and recrystallized from water-ace-
Found: C, 27.97; H, 0 .85 ; N, 16.35; S, 55.25; mol wt, 180.0 tone to give light yellow prisms: yield 83 g (40% ), mp 147-148°
(vapor-pressure osmometer, in acetone). Uv max (99%  E tO Ii) dec (slow heating), ca . 170° dec (rapid heating). A nal. Calcd
233.5 nut (log * 4 .06), 283 (sh, 3 .87), 311 (4.09), 369 (3.68); for C4H10OS2: C, 24.74, H, 5 .19; N, 28.86; S, 32.99; mol wt,
ir (K Br) 3350, 3250, 3160 (s, xNh2), 2200 (s, xCOniCN), 1620 (vs, 194.15. Found: C, 25.05; H, 5 .11; N, 28.65; S, 32.83; mol
8nh2), 1510 cm -1 (vs, vring); nmr (DMSO-de) 8 9.58 (s, br, 2 , wt, 181.9 (vapor-pressure osmometer, in H20 ) .  Uv max (H20 )
NH2). The compound was 5-amino-4-eyano-l,2-dithiol-3-thi- 312 mu (sh, log e 3.75), 340 (3.76); ir (K B r) 3280, 3225, 3110
one (10). The uv spectrum agreed with that reported by Mayer, (m, vnhi), 3000 (m, br, ><nb:4+), 2185 (s, von), 1663 (m, vco), 1625
et a l.1 The ir spectrum also agreed with that measured by (s, 8nh2), 1500 (s, tw ; c»c), 1415 cm “1 (s, br, 8nh»+); nmr (D20 )
Soderback’s method.6 8 4 .85 (s, 8 , NH4+).

Preparation of Di(ammoniomercapto)methylenemalononitrile Compound 7 also was prepared from cyanoacetamide. A mix-
(6 ).— A mixture of malononitrile (25 g, 0 .38 mol), carbon di- ture of cyanoacetamide (17 g, 0.2 mol), carbon disulfide (30 g, 
sulfide (57 g, 0.75 mol), and ca. 200 ml of liquid ammonia was 0.4 mol), and 140 ml of aqueous ammonia (28% ) was refluxed at
stirred for 30 min under cooling by Dry Ice-methanol. The 70-80°) for 8  hr. Compound 7 which was obtained weighed 18 g
reaction mixture then was allowed to stand at room temperature. (yield 45% ).
A yellow solid material was recrystallized from methanol-chloro- Compound 7 was methylated using dimethyl sulfate as men-
form to give light yellow plates: yield 65.5 g (98% ); mp 141- tioned above. The methylated compound was recrystallized
142° dec (slow heating), 156-158° dec (rapid heating). A nal. from methanol to give colorless needles, yield 77% , mp 84°.
Calcd for C4H8N4S2: C, 27.12; H, 4 .59; N, 30.90; S, 36.41; A nal. Calcd for C6H8N2OS2: C, 38.30; H, 4 .29 ; N, 14.89;
mol wt, 176.14. Found: C, 27.00; H, 4 .81; N, 30.83; S, S, 34.05; mol wt, 188.14. Found: C, 38.25; H, 4 .29 ; N,
36.30; mol wt, 160.0 (vapor-pressure osmometer, in acetone). 14.70; S, 33.85; mol wt, 186.5 (vapor-pressure osmometer, in

The compound was methylated with dimethyl sulfate by the acetone). Uv max (99%  EtO H ) 324 mn (log e 4 .13 ); ir (K Br)
same method as above (see methylation of 4). Recrystalliza- 3400, 3290, 3220, 3185 (s, pnh2), 2930 (w, vchi), 2200 (s, vcn);
tion from methanol yielded 1.5 g of colorless needles [(CH3S)2- 1650 (vs, ><co), 1610 (s, Snhs), 1490 (s, vc<mj c -o ) ,  1385 cm -1
C2(CN)2]: yield 86% , mp 83-84° (lit.3 mp 8 0 -8 1 °), undepressed (s, Schj); nmr (DMSO-d6) S 7.05 (br, 2 , NH2), 2.70 (s, 3, CH3),
by the addition of an authentic specimen.3 2.55 (s, 3 , CH3).

Treatment of 6 with Acetic Acid.— Compound 4 (3.3 g, 0.02 Isolation of C9Hi7N60 3S2.— The filtrate from which 7 was 
mol) and acetic acid (2.2  ml, 0.04 mol) in 100 ml of water was removed was kept overnight in an icebox. The yellow material
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obtained was recrystallized from water: yellow prisms, mp 129- diates. Although m any monoalkyl derivatives can  be
13°° dec, yield 6 g (9%). T. _ AT „„ prepared by standard procedures, attempts to extend

A n al. Calcd for CgHuNeOsSa: C, 35.19; H, 5.54; N, 22.80; i ,  l . , , ,• , , , ,
S, 20.85; mol wt, 307. Found: C, 35.13; H, 5.62; N, 22.51; th e ss  to  th e  introduction of the ¿-butyl group led to
S, 21.28; mol wt, 285 (vapor-pressure osmometer, in H20). very limited or no success. W e now wish to report a
Uv max (H20) 281.5 mu (br, log e 3.59), 343 (4.26); nmr (D20) novel route to these compounds which has been realized
8 4.85 (s, 8 , NH4+), 4.13 (q, 2, CH2, J  =  7 cps), 1.28 (t, 3, in excellent overall yield.

= 7opsb W hereas 3-phenyl-2,l-benzisoxazoles (1) are  reducedThe compound was methylated with dimethyl sulfate. Color- - r  ’ . . .\. y
less needles of ethyl di(methylthio)methylenecyanoacetate were completely by lithium aluminum hydride to 2-ammo- 
obtained. Recrystallization from methanol yielded 1.3 g (92%), benzhydrols,2 less powerful reagents such as metal-acid
mp 5 5-56°, undepressed by the addition of an authentic speci- combinations3,4 or catalytic hydrogenation6,6 give 2 -
men/ 3 , , aminobenzophenones. No interm ediates retaining the

When the compound was treated with hydrogen peroxide (1% ), h eteron vclic rins- w ere d etected  in th ese  cases P o s -
colorless needles (8 ) of mp 223-224° were obtained. The prod- H eterocyclic rin g  w ere d e te cte d  m  tn ese  cases, r o s
uct was recrystallized from pyridine-water. sibly then, form ation of the quaternary  salt from  the

A n al. Calcd for Ci2H i0N2O4S3: C, 42.15; H, 2 .93 ; N, benzisoxazole and subsequent reduction m ight yield
8.19; S, 28.05; mol wt, 342. Found: C, 42.22; H, 3 .00 ; alkylated aminobenzophenones, but the required salts
N, 8.29; S, 27.99; mol wt, 3 2 6 7  (vapor-pressure osmometer h ad  t  previously  been isolated.7 T h e S n I alkylation  
in acetone). Uv max (99%  EtO H) 230 m,u (log e 4 .37), 335 , , . , ., , - ,
(4.35); ir (K B r) 2 9 9 2 , 2977 (m, , Ch), 2220 (s, rCN), 1689 (sh, of substituted isoxazoles had been described,8 however,
rco), 1669, 1658 cm “1 (vs, rc_c); ir (CHCh) 2985 (m, vCn), and not only was the reaction particularly efficient with
2200 (s, rev ), 1690 (sh, m o ), 1683 cm -1 (s, ro -c); nmr (DMSO-d6) ¿-butyl alcohol but the perchlorate salts were readily
5 4.30 (q, 4, CH2, J  =  7 cps), 1.27 (t, 6, CH3, J  =  7 cps). isolable
The structure was tentatively designated 3,5-di(cyanocarbeth- ,  , ,  • , ,
oxymethylene)-l,2 ,4-trithiole (8 ). This trithiole was also . A pplication of this procedure to  several 2 1-benz-
obtained by treating ethyl di(sodiomercapto)methyleneeyano- isoxazoles (1) gave the desired salts (2) m  good yield,
acetate with hydrogen peroxide (5% ) . Addition of sodium borohydride to a  suspension of the

Preparation of 5-Amino-4-carbamoyl-l,2-dithiole-3-thione (9). salt (e.^ ; 2 a ) in ethanol led to rapid solution, and  
-C om pound 7 (18 g, 0 09 mol) was dissolved in 100 ml of water. w ork  yielded a  colorless crystalline p roduct identi- 
To this solution was added acetic acid (10 ml) and the solution _ . •, . . • b ..
was stirred at room temperature for 1 hr. The crude product ned from  its spectral properties as the interm ediate 1-t-
was recrystallized from pyridine-water: yellow prisms, mp 247- butylbenzisoxazoline (3 a ) . This compound proved to
248° dec (slow heating), ca. 258° dec (rapid heating), yield 8 g be surprisingly stable but it  was noticed while deter-

oaZ'4r ,9 tlcd f?r j25'0̂ ’ mi ni ng the melting point th a t on continued heating theN, 14.58; S, 49.95; mol wt, 192.09. Found: C, 25.31; H, ,, °  , . . .  . . .  s
2 .16 ; N, 14.47; S, 49.95; mol wt, 173.1 (vapor-pressure m e lt b ecam e an  m tenSe ^ H ow  which did not disappear
osmometer, in acetone). Uv max (99%  EtO H ) 240.5 m/i (log e on subsequent cooling. Spectral analysis of a  sample
3.96), 286 (sh, 3 .90), 314.5 (4.54), 364.5 (3.93); ir (K Br) 3220 of the yellow product isolated by chrom atography
(s), 3140 (w), 3020 (w, m m ), 1650 (sh, mo), 1640 (vs, 5nh2), showed th a t a  therm al isomerization had occurred, the
PnMTTCir «  (DMSO-de) 8 10.35 (br, 2 desired 2-<-butylaminobenzophenone (4 a ) having been
CONH2), 8.70 (br, 2, NH2). The uv spectrum of 9 agreed , , „ , Tj & .
with that reported by Mayer, et a l l  cleanly formed. I t  was then found th a t this lsom enza-

when 9 was treated with dimethyl sulfate, methyl carbamoyl- tion occurred in the three cases examined, heating the
cyanodithioacetate (light yellow prisms, mp 233-2340)8 and a neat material at 160° for 4 hr being sufficient to effect
small amount of sulfur were obtained. b e tte r  th a n  9 0 %  conversi0n.

R egistry No.'— M alononitrile, 109-77-3 ; carbon disul- CH3 CH3
fide, 7 5 -15 -0 ; 1 ,2 4 5 7 1 -5 5 -9 ; 4 ,2 4 5 7 1 -5 6 -0 ; 4  (m ethyl- CH3-4 -C H 3 CH3-j-C H 3
ated), 24571 -57 -1 ; 6, 24571 -58 -2 ; 7 , 2457 1 -5 9 -3 ; R s ^ \ J 4  x -  R ^ ^ J l

7  (m ethylated), 17823-69-7 ; 8 ,2 6 3 1 -9 3 -8 ; 9 ,5 1 4 7 -7 9 -5 ; | f x0  -  T  T  O I  I  0
1 0 ,5 1 4 7 -7 4 -0 ; 5 ,2 4 5 7 1 -6 4 -0 . r ^ X ^ S /
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___________  T  T  b Ph H H BF4
r / ^ ' ŝ C O  c H H H b f 4

S yn th esis o f  2-t-B u tyIam in obenzophen ones I d Ph CH3 H
Ri

and B enzaldehydes 4

T he use of this sequence to prepare 2-(-butyIam ino- 
R o bert  V. Coombs and G oetz E. H ardtmann benzaldehyde (4c) in good yield is p articularly  inter-

„ , . 7 „ .  . . ,  „ , esting since 2-aminobenzaldehydes in general poly-
banaoz Pharmaceuticals, D ivision o f  Sanaoz-W ander, Inc., ■ , , •,, • , „ , ,  e , . . .

Hanover, New Jersey  07936 menze on contact with acid,'9 the presence of which is
(2) A. Hetzheim, H. Haack, and H. Beyer, Z. Chem., 6 (6), 218 (3966). 

Received Jan u ary  20, 1970 ®  T - zincke and K. Siebert, Ber., 39, 1930 (1906).
(4) J. C. E. Simpson and O. Stephenson, J. Chem. Soc., 353 (1942).
(5) G. N. Walker, J. Org. Chem., 27, 1929 (1962).

During work on a program  aimed a t  the synthesis of (6) F. Hoffmann-LaRoche & Co., A.-G„ Netherlands Appl. 6,407,011; 
various 2(lH )-quinazolinones,1 the need arose for Ĉ 7T ^ i>? ' ,w l583K(19j5)i T « „ 4J „ ,, . ( (7) iv.-H. Wunsch and A. J .  Boulton, A d v a n .  H e t e r o c y c l ,  Chem. 8. 321
monoalkylated 2-ammo benzophenones as mterme- (1967).

(8) D. J. Woodman, J. Org. Chem., 33, 2397 (1968).
(1) H. Ott and M. Denzer, J. Org. Chem,., 33, 4263 (1968). (9) A. Albert and H. Yamamoto, J . Chem. Soc. B, 956 (1966).
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often unavoidable in other tertiary butylation proce- R eaction  o f  E lectrophiles w ith  E nolizable

Basic catalytic hydrogenolysis of the chlorine sub- ^  H ydrogen K etim in es
stituent in 4a was unexceptional, leading to one further John P. Chupp

2 ibutylaminobenzophenone, 4d. M onsanto Company, Agricultural Division, Research Department,
Further chemical transformations of the interme- St. Lmtis, M issouri 68166

diate benzisoxazolium salts are under study.
Received Jan u ary  19, 1970

Experimental Section
, , . . .  . , , , . , „  ... Recent investigations1 have shown that electrophilesMelting points were determined on a I homas-Hoover capillary , , , , . , . . , . „  . ^ ,

melting point apparatus and are not corrected. Infrared spectra such as acyl chlorides, isocyanates, and iso thiocyanates 
were measured on a Model 457 Perkin-Elmer spectrophotometer ca n  react with N-Substituted imines containing an
in methylene chloride; nmr spectra in deuteriochloroform solution enolizable proton to form, among other products, ac-
with tetramethylsilane as an internal standard, on a Varian ylenamides, enureas, and enthioureas, respectively.
A-60 instrument. Microanalyses were carried out in our ana- m. „ „r „ „ „ „ - j  . , • , , ,
lytical unit m t he amount ot enamide or urea obtained was shown to

l-i-Butyl-5-chloro-6-methyl-3-phenyl-2, l-benzisoxazolium depend on both the electrophile and imine employed, as 
Perchlorate (2a).— To a solution of 9 g (0.037 mol) of la in 350 well as conditions of reaction.
ml of nitromethane were added 3.2 g (0.042 mol) of ¡-butyl alcohol In addition to the above products, it should be pos- 
and 7 g (0.042 mol) of a 60%  aqueous solution of Perchloric acid sible fo r N-hydrogen imines to alternatively react sub-
The resulting solution was left at room temperature for 60 hr and . . .  , .  , , ., . r . . .  ,
then diluted with 1000 ml of anhydrous ether. The crystalline stltutively at nitrogen to form acylimine compounds,
precipitate so obtained was filtered off, dissolved in 50 ml of Earlier literature references2 disclose the acylation of
acetone, and reprecipitated by the addition of 253 ml of ether. enolizable ketimine derivatives (Grignard complexes
There resulted 13 g (88% ) of 2a, mp 183-185°. Similarly pre- from acetophenone ketimines) to give such compounds.

m .  t h °  ^Tructural assig n m en ts w ere show n to  be
— To a stirred suspension of 13.3 g (0.033 mol) of 2a in 100 ml in co rre ct, as  la te r  in vestig ation s • p rov ed  th e  m ateria ls  
of ethanol at room temperature was added in several portions 1.5 to  b e enam ides.
g (0.04 mol) of sodium borohydride. After the addition was It is therefore a principal object of the present report 
complete, the stirring was continued for a further 3C min by which to  demonstrate that enolizable N-hydrogen ketimines 
time only a little fine crystalline precipitate was oresent in the c , , , . . . . .  . . . .
reaction mixture. W ater was then added slowly to give initially ®an.’ in . â c ’̂ under certain conditions, give acylimine
a clear solution followed by precipitation of the product. Isola- derivatives with electrophiles such as acyl chlorides,
tion by filtration and recrystallization from aqueous ethanol isocyanates, and iso thiocyanates.
gave 7.5 g (75% ) of 3a: mp 115-117°; nmr 5 1.32 (9 H, s, S e v e ra l re p re se n ta tiv e  N -h y d ro g en  k etim in es w ere

^  h i a t e l l  U s  derived fr„m
were 3b [mp 6 9-73°; nmr 6 1.32 (9 H, s, ¿-butyl).. 6.41 (1 H, s, reaction ox 2 ,6  dialkylbenzonitnles with an organo-
> C H ), 6 .85-7 .25  (4 H, m, aromatic), 7.38 (5 H, s, phenyl)] metallic reagent, while 4, 8, and 9 are available by reac-
and 3c [oil, distilled^(Kugelrohr; 0 .2  mm, 90-100°); nmr 8 1.24 tion of the respective ketone with ammonia in the
(9 H, s, i-butyl), 5.14 (2 H , s, -C H 2- ) ,  6 .80-7 .20  (4 H, m, presence of suitable reagents5 or through an ammonoly-

2-i-Butylamino-5-chloro-4-methylbenzophenone (4a).— Under S1S ^he u itram in e  d e riv a tiv e .6
an atmosphere of nitrogen, the melt from 11 g of 3a was main- R e a c tio n  of 1 w ith  acid  chlorides in v a ria b ly  g a v e  on ly
tained at a temperature of 160° for 4 hr. The resulting liquid 2 , w hile 3  w as th e  p ro d u ct on  re a c tio n  w ith  isoth io-
was cooled, diluted with 50 ml of CH2C12, and filtered through a cy a n a te s  (S ch em e I ) .  In  sim ilar m an n er, 4  w ith  acid
short column of aluminum oxide. Further elution with CH2C12 
and evaporation of the yellow solution gave 9 g (82% ) of 4a:
crystallized from pentane, mp 7 6-78°; ir 3.02 (N il), 6.18 n Scheme 1°
( C = 0 ) ;  nmr 8 1.48 (9 H, s, i-butyl), 2.36 (3 H, s, Ar-CH3), r "  »vtt
6.90 (1 H, s, aromatic), 7 .32-7 .70  (6 H , aromatic), 8.89 (1 H, 1 II O h
D20  exchangeable, N H ). Similarly prepared were 4b [oil, || H ^
distilled (Kugelrohr, 0 .2  mm, 140-160°); nmr 8 1.50 (9 H, s, | [ ' 4- RCOC1 — *- RC— N— C— r  y
i-butyl), 6.49 (1 H, t, aromatic), 6 .90-7 .75  (8 H, aromatic), ^ ^ ^ R '  II /  ^
8.85 (1 H, D20  exchangeable, NH)] and 4c [oil, distilled (Kugel- . r > =  d» _ c u  H2C
rohr, 0.2 mm, 100-130°) ir 3.05 (N H ), 6.07 M ( C = 0 ) ;  nmr 8 r  „  ,
1.43 (9 H, s, i-butyl), 6 .45-7 .50  (4 H, aromatic), 8.70 (1 H, ’ 3’ - 4 9
D 20  exchangeable, N H ), 9.85 (1 H, s, -C H O )]. jj,

2-i-Butylammo-4-methylbenzophenone (4d).— A solution of S \
1.7 g of 4a in 100 ml of methanol containing 200 mg of KOH and H || jb  ^
200 mg of 5%  palladium on carbon was shaken under an at- 1 +  RNCS *- RN C N = C  (  )
mosphere of hydrogen until 1 equiv had been taken up (ca. 12 I
hr). After filtration, evaporation of the solvent, and isolation H3C jj«
of the organic material, there was obtained 1.3 g (87% ) of 4d: 3
oil, distilled (Kugelrohr, 0.2 mm, 140-160°); nmr 8 1.48 (9 H,
s, i-butyl), 2.28 (3 H, s, Ar-CH3), 6.26 (1 II, s, aromatic), 6.83 ‘  See Table 1 for sPeclfic examples of 2 and 3.
(1 H, s, aromatic), 7 .27-7 .70  (6 H, aromatic), 8.98 (1 H, D20  -------------------
exchangeable, N H ). (1) (a) J. P. Chupp and E. R. Weiss, J .  Org. Chem ., 33, 2357 (1968);

(b) S. J. Love and J A. Moore, ib id ., 33, 2361 (1968).
Registry No.'— 2a, 24806-54-0; 2b, 24766-86-7; (2) C. Moureu and O. Mignonac, Ann. Chim. rhys., 13, 340 (1920).

7 r  93.766 87  o . 1 « 9 4 7 6 6  6 4  1 • 9 4 7 6 6 -6 5 -9 -  (3) J - E ' Benfield- G- M- Brown, F. H. Davey, W. Davies, and T. H.2c, 2 4 7 b b -8 /-8 ,  3a, 2 4 /b b -b 4 - l ,  3D, 2470D  bo 2 ,  3C, Ram8ey, A u ,t . J .  S c i. R es ., S er. A , 1 , 330 (1948).
24766-66-3; 24766-67-4; 4D9 24766-68-5; 4Cj (4) (a) Y. Heng Suen, A. Horeau, and H. B. Kagan, B u ll. S oc. C him ., 1454
24766-69-6* 4d  24766-70-9. (1965 ); (b) H. B. Kagan, A. Horeau, and Y. Heng Suen, ib id ., 1457 (1965).

1 ,  (5) H. Weingarten, J. P. Chupp, and W. A. White, J .  Org. C hem ., 32
(10) Satisfactory elemental analyses (±0.3% for C, H, and N or Cl) 3246 (1967). 

were reported for all compounds. (6) J. Houben and E. Pfankuch, Bex., 60, 586 (1927).
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Table I
Products from Reaction of Electrophiles with Enolizable N-Hydrogen Ketimines

Mp or 
bp

Yield, (mm), ,-----Calod, %----- , ,-----Found, % ----- , Pertinent spectra,
Compd R R' R " X % °C Cl N S Cl N S  nmr (CCU), S [ir, M]

2a c iC H s  C 2H 5 C 2H j O 70 149-160 14.08 5.56 14.34 5 .95  4 .8  (d, 1, J  =  1 H z ,= C H ) ,  6.3 (s, 1,
=CH)

2b CiCHs CHa (CHa)aC O 66 103-104 13.34 5.27 13.35 5.80 4.8 (d, 1, /  = 1 Hz,=CH), 6.3 (s, 1,
=CH)

3 3,4-(Cl)aC«Ha CaHs CaHa S 57 83-84 18.69 7.38 8.45 19.02 7.22 8.24 2.3 (s, 3,N=CCHa) [6.1 (C=N)]
Sa CICHa CHa CHa O 67 114^115 17.67 6.98 17.86 7.02 0.98 (d, 3, J  =  7 Hz, >CHCHa),

1.6 (s, 3,=CCHa), 7.67 (broads, 1, 
NH)

5b° CICHa (CHa)aC H O 58 103-105 15.43 6.10 15.80 6.20 6.3 (m, 0.35, =CH), 7.4 (broads, 1,
NH)

5c CiCHs CHa (CHa)aC O 50 121-123 14.54 5.75 15.10 5.87 1.6 (s, 3, =CHa), 7.3 (broad s, 1, NH)
6a 3,4-(Cl)aCaHa CHa CHa S 93 150-151 21.53 8.51 21.31 8.70 1.11 (d, 3, J  = 7 Hz, >CHCHa),

1.7 (s,3,=CCHa)
6b CHa H (CHa)aC O 137-139 13.32 13.26 (m, 1,=CH)
7a 3,4-(Cl)2CaHs CHa CHa O 128-131 22.79 9.00 22.60 9.07 1.3 (d, 6, J  = 7 Hz, 2 >CHCHa)
7b 3|4-(Cl)aCaHa H (CHa)aC O 81 124-126 21.41 8.46 21.13 7.86
7c 3,4-(Cl)2CeHa H (CHa)aC S 58 106-108 19.84 7.84 8.97 19.57 7.87 8.80 [6.0 (C=N)]
7d 3,4-(Cl)aCaHa CHa (CHa)aC O 130-132 20.01 7.91 7.57 1.2 (d, 3, J  = 7 Hz, >CHCHa)
j0 74 Oil 15.57 6.15 14.81 5.89
j j  37 140-150 11.82 4.67 11.94 4.87 5.8 (d, 1, J  = 3 Hz,=CH)

(1 mm)
<* A mixture of isomers where R ' =  (CHa^C (65% ); R ' =  H (35% ).

chlorides gave only enamide (5), while, with isocyanates Structure proofs of the various products isolated 
or isothiocyanates, 4  could give either 6  or the acylimine were verified by nmr and ir spectral analyses. The
compound 7. When 6  was the product, mixtures of enamide structure for 2 a or 2 b, is easily discerned by the
isomers were possible, depending upon the 1 or 5 position presence of two different olefinic proton absorptions at
of the double bond (Scheme II) . <5 4.8 and 6.3 .7 The thionoacylimine 3 shows no ole­

finic proton absorption, but does clearly display a down- 
field methyl singlet, typical of methylimino or methyl- 

Scheme II» carbonyl moieties.
NH There are several criteria for analyses of the cyclo-

R, If r// 9  ^ \__  hexyl derivatives 5, 6 , and 7. endo-1,2- Cyclohexeny 1
+ RC0C1  * RC_N— \ ) rings generally show a characteristic “ double hump,”

k*/* \— ' or two multiplets of three or four protons each centered
4a R' = R" = CH3 R" at c a . 8 1.7 and 2.1-2.3. The downfield resonance is

b’ r' = H; R"=f-C4H9 5 presumably due to the protons vicinal to the en d o
c, R' = CH3; R" = ¿-C4H9 double bond. In  contrast, cyclohexyl rings possessing

an ex o  double bond display a continuous broad absorp- 
4 + RNCX — *■ tion between ca. 8 1.3 and 2.4. This difference is useful

x  R' X  in assigning the enamide and enurea structure to 5 and
H II H \ — \ H II /— \  and the imine structure to 7. In addition, where

RN— C— N— f  ) or RN— C— N = ( ) R ' = H , the olefinic proton is quite prominent as a
/  / /  multiplet at ca. 8 5 .8 , while olefinic methyl (R ' = C H 3)

R" gives a characteristic singlet at ca. 8 1.6. Where NH is
6 7 not obscured by aromatic or additional amidic protons,

»See Table I for specific examples of 5,6, and 7. the presence of this absorption is useful in eliminating
acylimine as a possible structure.

Acyl chlorides do not invariably give enamide, how- The ir spectra are also useful in verifying structure; 
ever, as witnessed by the contrast in products from presence of an acylimine (7a, 7b, or 10) shows only a
camphorimine (8 ) (acylimine 10) and N-isopropyl- broad, intense absorption between 5.9 and 6.1 y. for both
camphorimine (9 ) (enamide 11) (Scheme I I I ) .  C = = 0  and C = N - However, there is a strong band at

6.1 /x for C = N  in the thionoacylimine (3, 7c), absent in 
the enthiourea (6 a).

Scheme III

(7) The two olefinic protons have unexpectedly large differences in ab- 
.. v ^  II sorption. The abnormally high field resonance is assigned to the proton

C1CH.COC1 + ( T r ™  —  0 - ncch.ci r „

8 10 f ~ \  H
(  ) ----- CNC(0)CH2C1

. CH(CH3)2 V = /

C1CH.COC] + ^ ^ - nchich,), ^  ^ ncch.c  f f H 2 H

9 ^ c is , and nearly orthogonal, to the aromatic ring, while the more downfield
11 absorption is assigned to the trans proton.
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C om pelling ra tio n ales  fo r p ro d u ct fo rm a tio n  m u st chloride was filtered off, and the filtrate was washed twice with 
aw ait d etailed  ex a m in a tio n  on  w h eth er m a te ria ls  arise  water, dried over MgSO,, and then stripped of solvent. The
from  k in etics  o r  th e rm o d y n a m ic  co n tro l. N e v e rth e - residue consisted of an oil and some crystals (the latter was shown

less th e  a -ch lo ro a ce ta m id e s  w ould a p p e a r to  arise  ^ u ^ w « S ^ d o i t y 1  S t S i / o f i ™ ;
from  th e  la tte r , as th e y  ca n  be form ed  a fte r  p rolonged  oration and filtration through clay.
h eatin g . N o r w ould it  be difficult to  a c ce p t th e  thesis The en- and iminoureas and thio analogs were all prepared 
th a t  10  is form ed  b ecau se  of res ista n ce  to  en d o  ca m - from the respective isocyanate or isothiocyanate and imine at
phene fo rm atio n , w h ereas th e re  is no a lte rn a tiv e  to  su ch  a°  « ™ ,^ PeratU1ie’ Ronta,lr1T 1 111 an mert solvent suoh as benzene,

fo rm atio n  m i l .  A ssu m in g 5  to  be p ro d u cts  of th e rm o - i-(2-i-Butylcyclohexylidene)-3-(3 ,4-dichlorophenyl)-2-thiourea 
d yn am ic con tro l, it  w ould ap p e a r th a t  th e  m ore sub- (7c).— 3,4-Dichlorophenyl isothiocyanate (0.027 mol, 5.5  g) was
s titu te d  olefinic bon d  in  cy cloh exen e is fav o red , unless mixed in benzene with 4.0 g (0.026 mol) of 2-f-butylcyclohexyli-
th e  su b stitu e n t is large ( i .e . ,  ( -b u ty l), w here ste ric  in - denamine. After standing 12 hr the solution was vacuum treated
2. i.* £ 2.1 * i , . i .. lo remove solvent. The residue was a semisolid (ketone snd somp
te ra ctio n s  of th is grou p, p la n a r to  th e  group on  n itrog en , unreacted isothiocyanate present). The material was triturated
m ig h t fa v o r th e  im m o o r  less su b stitu te d  cy cloh exen e with pentane and then filtered to give 5.4  g of 6c, mp 103-106°.
s tru ctu re . This material was recrystallized from methylcyclohexane.

R e g istry  N o .— l a ,  2 4 7 6 6 -7 1 -0 ; lb ,  2 4 7 6 6 -7 2 -1 ;  
Experimental Section 2 a , 2 4 7 6 6 -7 3 -2 ; 2 b , 2 4 7 6 6 -7 4 -3 ; 3 ,2 4 7 6 6 - 7 5 - 4 ;  4 b ,

Preparation of Enolizable Imines.— The preparation of imines 2 4 7 6 6 -7 6 -5 ; 5 a , 2 4 7 6 6 -7 7 -6 ; 5 b , 2 4 7 6 6 -7 8 -7 ; 5 c ,
la and lb8 is similar to the method of Heng Suen.4 2 4 7 6 6 -7 9 -8 ; 6 a , 2 4 7 6 6 -8 0 -1 ; 6 b , 2 4 7 6 6 -8 1 -2 ' 7a

l-(2,6-Diethylphenyl)ethylidenimine (la ).— To 100 g (0.629 2 4 7 6 6 -8 2 -3 ; 7b , 2 4 7 6 6 -8 3 -4 ' 7 c , 2 4 7 6 6 -8 4 -5 ' 7 d ’
mol) of 2,6-diethylbenzonitrile in 500 ml of ether was added under 2 4 7 6 6 -8 5 -6 ; 1 0 ,2 4 7 4 4 -5 5 - 6 ;  1 1 ,2 4 7 4 4 -5 6 - 7  
a nitrogen atmosphere, 0.688 mol of methyllithium. The re- * ’
action mixture was stirred 21 hr at room temperature, when 500 
ml water was cautiously added. The ether layer was separated,
washed with two 250-ml portions of water, dried over sodium r ,, , , „ .  T
sulfate, and then concentrated to give 108 g of an oil: ir (CCh) C n lo ro su lio n y l I s o c y a n a te  A d d itio n  to
3.05 (NH), 6.15 m (C = N ), no absorption for C = N  or C = 0 ;  B i c y c l o f 2 .1 .0 ] p c n t a n e 1
pertinent nmr (CDC13) 5 2.29 (s, 3, N = C C H 3), 8.87 (broad s,

l-(2-i-Butyl-6-methylphenyl)ethylidenimine (lb ).— In analo- E m i l  J. M o r ic o n i  a n d  C h a n d i  P. D u t t a 2

gous fashion to the procedure above for la , lb was prepared as
an oil (bp 255-258°) in 98%  yield from 2-f-butyl-6-methylbenzo- Department o f  Chemistry, Fordham  University,
nitrile (mp 61 -6 2 °): ir (film) 2 .9 -3 .15  (N H ), 6.15 n (C = N ), New York, New York 10458
no C = N  or C = 0 ;  pertinent nmr (CDC13) 5 2.21, 2.35 (2 s, 3
H each, ArCH3 and N = C C H 3), 9.03 (broad s, 1, N H ). Received Jan u ary  22, 1970

Imines 4a, 4c, and 9 have been previously described5 as has
8 .6 Imine 4b was made in similar fashion to 7, through the nitra-
mine. f  he reactio n s of m e rcu ric ,3a le a d ,3b an d  th alliu m

2-i-Butylcyclohexylidenamine. (4b).— 2-f-Butylcyclohexanone a c e ta te , 3b’c p -tolu enesulfon ic acid  in  a c e tic  a c id ,3d
(0.3 mol) was allowed to react with 51 g of hydroxylamine hydro- h y d rob ro m ic a c id ,3b an d  h alogen s36 w ith  th e  title  com -
chloride and 86 g of pyridine in 300 ml of absolute ethanol After d h av e  a p p roceed ed  v ia  exclu sive  cle a v a g e  of th e
heating 3.5 hr, the material was permitted to stand 12 hr, the ■ , . . s ® c
solvent was then evaporated, and the residue was washed with in tern al cyclo p ro p an e  a  bond, t h e  d o m in an t influence
water. The oil was taken up in ether, washed with 5%  HC1 hi th ese  b icy clo p en tan e  rin g  scissions is th e  relief of
and once with water, and then cried over MgSO<. The residue s tra in  w hich  acco m p an ies c leav ag e  o r p a rtia l cleav ag e
(48.4 g), upon removal of ether, showed only oxime (no C = 0  0 f th e  b e n t b rid geh ead  bond in  th e  tra n sitio n  s ta te
absorption by ir). 1 he crude oxime (20 g) was dissolved in 200 m i* r „£ _  - i  ,
ml of ether and mixed with 20 g of NaNOo. Then 12 g of sulfuric relief of s tra in  en ergy  overrid es a n y  e lectron ic,
acid diluted with water to 70 ml was added dropwise at 0- 5 °. s te ric , a n d /o r  s ta tis tica l  fa c to rs  w h ich  d eterm in e th e
After addition of acid, the material was allowed to warm to cou rse of c leav ag e  in less stra in ed  b icy clo [w .l.0 ]a l-
room temperature; the ether layer was separated and dried. k anes.
EvaporaUon of solvent gave 22 g of oil: ir 6.15 (C = N ), 6.4 and T h e  gen eral response of 1 to  th ese  electrop h iles has

The nitramine (17.5 g) was placed in 50 ml of 28%  ammonia been fo rm atio n  of t ia n s - 1 ,3 -d isu b stitu tio n  p ro d u cts ,3“ d
with 100 ml of ether in a sealed pressure bottle. The material a lth ou gh  b rom in atio n  an d  ch lo rin atio n  of 1 in th e  d ark
was shaken and then permitted to stand for 2 hr. The bottle afforded fran s-l,2 -d ih a lo cy clo p e n ta n e s  p re d o m in a n tly .36
was opened, the ether layer was separated and dried, and solvent -W ith electron -d eficien t ace ty le n e s31 an d  olefins 3« 1

™ i f i f S i e ' S a r a t i o n  of u n d erw en t co m p e titiv e  rea ctio n s  leading to  b o th  m -
ehloroacetamides is illustrated by the specific procedure for 2a. fused l ,o  cy clo a d d u cts  an d  en e -ty p e  p ro d u cts . O n  

2-Chloro-N-(2,6-diethyl-a-methylenebenzyl)acetamide (2a).—  th e  basis of v e ry  carefu l k in etic , p ro d u ct ra tio , an d  sol- 
The imine of 2 ,6-diethylacetophenone (5.8 g, 0.033 mol) was v e n t p o la rity  stud ies, G assm an , M an sfield , an d  M u r-  
added in 50 ml of chlorobenzene to 3.8 g of chloroacetyl chloride.
The mixture was refluxed for ca. 2 hr, during which time hydrogen (1) This research is supported by Public Health Service Grants identified
chloride was evolved. The solvent was removed and the result- as R01-AI08063-01-33 from the National Institute of Allergy and Infectious
ing crystals were recrystallized twice (charcoal) from aqueous Diseases.

linno] to give a 5 8-g yield. Ob Postdoctoral Research Assistant (1968 1969) on a grant2 supported
N-(l,7,7-Trimethylnorbom-2-ylidene)-2-chloroacetamide (10). v  „  T- „ , , „ „~ t\ nco i o a \ i• i j  • i (3) (a) R. Ya. Levine, B. N. Kostin, and T. K. Ustynuk, J .  Gen. Chem .,

— Camphorimme (8, 0.053 mol, 8 .0  g) was dissolved1 m benzene U SSR , 30, 383 (I960); (b) R. Criegee and A. Rimmelin, Chem . B er ., 90,
and added to a solution of 0.05 mol of chloroacetyl chloride con- 414 a957); (c) R. j. Ouellette, A. South, Jr., and D. L. Shaw, J .  A m er.
tained in 50 ml of benzene. A white precipitate formed during Chem. S oc., 87, 2602 (1965); (d) R. T. LaLonde and L, S. Forney, ib id ., 85,
this addition. After imine had been allowed to react, 0.05 mol of 3767 (1963); (e) R. T. LaLonde and L. S. Forney, ib id ., 87, 4217 (1965);
pyridine (5.0 g) was added at 0 .5 °, and the reaction was stirred (f) p. G. Gassman and K. T. Mansfield, ib id ., 90, 1524 (1968), and preced-
further for 0.5 hr at room temperature. The pyridine hydro- lne papers; (g) P. 3. Gassman, K. T. Mansfield, and T. J. Murphy, ib id .,
------------------- 91, 1684 (1969); (h) P. G. Gassman and K. T. Mansfield, ib id ., 90, 1517

(8) Kindly supplied by Dr. R. K. Howe. (1968).
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phy3f,g have suggested that this competitive process is Reduction of 2 with benzenethiol-pyridine (75% ), 
mechanistically most consistent with the formation of LiAlH4 (45% ) and pH-controlled hydrolysis (55% ) af-
diradical rather than zwitterionic intermediates. The forded the more stable, crystalline lactam, 2-aza-3-
presence of such intermediates precludes the possi- ketobicyclo[2.1.0]heptane (5), in which the infrared
bility of a concerted process, as do the Woodward- carbonyl absorption had undergone the precedented
Hoffman selection rules.4 I t  should be noted that red shift to 5.72 g and the exchangeable N H  proton
in all these reactions of electron-deficient carbon- made its appearance in the nmr at 8 7 .28 -6 .72 .
carbon multiple bonds with strained carbon-carbon The reaction of 1 in solvents of increasing polarity, 
single bonds, experimental procedures included sealed ether (0°) and methylene chloride ( — 80 to 7 5 °), and
ampoules, reaction times of 2 -14  days, and reaction tern- a dark reaction (20°) all gave the same cycloadduct (2 ) /
peratures from 100 to 165°.6 ene (3 +  4) product ratio (Table I) . W ith a solvent

In this note we wish to report on the addition of 
chlorosulfonyl isocyanate (CSI) to 1 under much less T able I
vigorous conditions, also leading to both cycloaddition P roduct R atios from the R eaction of 1
and ene-type products. Relevant here is the report WITH CSI under Various C onditions

that such cumulative double-bond systems as CSI (and remPi Reaction Product ratio of
ketenes) play an antarafacial role in cycloaddition °c time, hr Solvent 2/(3  + 4)
reactions in which molecular orbital symmetry consid- — 80 12 CH2C12 0 .7 1
erations permit a near concerted thermal addition 0 24 CH2C12 0 .7 1
between an olefin and two orthogonal p orbitals on the 20 12 CH2C12 0 .7 2
N = C  bond of CSI via an asymmetrical transition state.6 75 24 CH2Cl2a 0.66

Thus treatm ent of 1 (slight excess) with CSI in meth- ® J2
ylene chloride solution for 12 hr at 0° afforded . 3
l-chlorosulfonyl-2-aza-3-ketobicyclo [2.2.1 ]heptane (2, ea e tuereactl0n-
35% ) and, from the aqueous extract, a mixture of 3-
cyclopentenecarboxam ide (3) and its hydrolysis prod- of interm ediate polarity  (chloroform) a decrease in
u ct, cyclopentene-3-carboxylic acid (4 ). C ycload d uct ene-type products increased the p roduct ratio . T he
2 was obtained as an oil which could n ot be induced to  effect of free-radical inhibitors (p-benzoquinone and
crystallize even after prolonged standing a t  —20 to aniline) were inconclusive since C SI reacts w ith such
— 3 0 ° , although it was quite stable a t  th a t tem perature. reagents.
This oil was m oderately stable a t  room  tem perature M echanistically, the low reaction tem peratures, the  
but unstable to distillation; column chrom atography success of the dark reaction and the sta te  of the a r t  in
using silica gel as adsorbent and m ethylene chloride as C SI chem istry7 m ake the diradical pathw ay least a t-
eluent led to the separation of 2 as a single com ponent tractiv e . W h at remains of the tw o-step process is
on vpc. In  the infrared, 2 displayed the expected initial form ation of G raf’s 1,4-dipolar cation (9) followed
absorptions a t  5 .52  ( C = 0 )  and 7 .12  and 8 .45 m ( S 0 2), by concom itant cyclization to 2 and proton loss to 3.
while, in the nmr, the bridgehead protons appeared as A n alternative possibility is the kinetically controlled,
triplets a t  S 4 .9 8 -4 .7 8  and 4 .0 2 -3 .6 6  coupled with the electrophilic, near-synchronous cyclization (via polar
six-proton m ultiplet a t  2 .6 8 -1 .4 8 . transition sta te  88) to adduct 2, followed by p artial

C hrom atographic separation of the olefinic m ixture ionization to the charge-separated interm ediate 9  which
afforded pure 3 (3 8% ) as a colorless solid and 4  (9% ) as stabilizes itself by proton loss to 3. K inetic experi-
a colorless oil. C ataly tic reduction of 3 and 4  gave men os hopefully leading to a resolution of this recurring
the satu rated  amide (6) and acid (7), respectively. dichotom y in alm ost all C SI cycloaddition reactions
Carboxylic acids 4 and 7 were converted to their re- are under w ay.
spective carboxam ides 3 and 6 in conventional fashion
via their acid chlorides and am m onia. Experimental Section

Bicyclo[2.1.0]pentane (1) was prepared by a modified311'8-9 
version of Criegee’s procedure.311

,— " 7 \  __ * +  \ if  Reaction of Bicyclo [2.1.0] pentane (1) with CSI.— A solution of
V = / CSI (12.6 g, 0.89 mol) in 10 ml of CH2C12 was added dropwise

3, R =  CONH2 to an ice-cold stirred solution of 1 (6.8  g, 0.10 mol) in 50 ml of
1 d c n c i  4, R =  CO,H the same solvent. After the addition was complete, the mixture

2, R =  150X1 wag stirred at room temperature for an additional 12 hr, after
'v  5, R =  H /  which it was slowly added to 20 g of ice. The methylene chloride

/  layer was separated, washed with six 10-ml portions of H20 , and
I  /  dried (Na2SO<). Evaporation of the solvent in  vacuo afforded

^  \  '  l-chlcrosulfonyl-2-aza-3-ketobicyclo[2.2.1]heptane (2, 7.3 g,
K f\ 35% ) as an oil which was unstable to distillation and could not

be induced to crystallize. Vpc indicated the presence of only a 
/  \ \ f s -  / \ J  A ''- \ T  single component: ir (neat) 5.52 (C = 0 ), 7.15 and 8.50 ^ (S0 2);

+ N <  1------- 1 nmr (CDC1S) S 4 .98-4 .78  (t, 1, CH ), 4 .02-3 .66  (t, 1, CH), and
'"SO,Cl -U 6 .R  =  CONH, 2 .62-1 .48  (m, 6 , CH2).

8 ‘ 9 7, R = COzH -------------------
- (7) 3 . Graf, Angew. Chem. In t. E d . E ngl.. 7, 172 (1968); E. J. Moriconi,

(4) R. Hoffmann and R. B. Woodward, J .  A m er. Chem . S oc., 87, 2046 “Mechanisms of Reactions of Sulfur Compounds,” Vol. 3, Intra-Science Re-
search Foundation, Santa Monica, Calif., 1968, p 131.

(6) Only the reaction of 1 with dieyanoethylene (5 days) was carried out (8) R. Gompper, Angew. Chem. In t. E d . E ngl., 8, 312 (1969).
at room temperature.111 (9) P. G. Gassman and K. T. Mansfield, Org. S yn ., 49, 1 (1969). We are

(6) R. B. Woodward and R. Hoffmann, Angew. Chem . In t. E d . Engl., 8, grateful to Professor P. G. Gassman for providing us with a preprint of his 
781 (1969). synthesis prior to publication.
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.T h e  combined aqueous washes were extracted for 3 days with These interm ediate enamines underwent facile ring
GH2GI2 m a Raab extractor. Evaporation of the solvent in  vacuo j.,-, 1 A __• o r j -  , • ,
left a semisolid residue (10.3 g) which was shown by vpc to con- " !  to  , M -b e n z o d ia z e p m -3  5-d ion es (3) w hich
sist of two major products. This mixture was dissolved in 25 could  be iso lated  m  n o n h y d ro xy h c so lven ts b u t w hich
ml of CH2C12 and chromatographed over silica gel using succes-
sively, pentane, pentane-ChhCh, CH2C12, and CH2C12-C H 30 H  COUCH;
(9 :1 ) as eluents. The eluates were collected in fractions of 50 .  CCNH., r
ml each. The CH2C12 fraction afforded cyclopentene-3-carboxylic T1 \ if" , i]j
acid (4, 1.9 g, 9 % ) as a colorless oil: bp 68-70° (0.5 mm), C  _ ]!! *"
lit.IOa bp 65° (15 mm); ir (neat) 5.95 ¿1 ( C = 0 ) ;  nmr (CDCI3) S NE2 V
12.25 (s, 1 , C 0 2H ), 6 .05-5 .65  (m, 2, olefinie H ), 3 .80-3 .40  (m, I „
1, C H C 02H), and 2 .30-1 .90  (m, 4, CH2). Both the amide 3 OUUdi3
(mp 135-137°) and the anilide (mp 120-122°, lit.10“ mp 120°) were '
prepared. .CONH, COOCII,

A n al. Calcd for C6Hs0 2: C, 64.28; H, 7 .14. Found: C, 2 |
64.42; H, 7 .15. I£  C— H xylene-NaOCH,

The CH2C12-C H 30 H  fractions led to cyclopentene-3-carbox- — C ' '
amide (3, 7.85 g, 38% ): mp 135-137° (from CH2C12); nmr | \
(CDCI3) S 7 .50-6 .45  (two broad peaks which disappeared in H COOCH3
DMSO-de, 2 , CONH2), 5 .90-5 .62  (m, 2 , olefinie H ), 3 .57-3 .20  2
(m, 1, CH ), and 2.61-1 .73  (m, 4, CH2).

Catalytic reduction (5%  P d -C ) of 4 in absolute EtO H  at O j
atmospheric pressure gave cyclopentanecarboxylic acid (7, 80% ), [| I
bp 116-118° (60 mm), lit.10b bp 104° (11 mm). Similar reduction i ' ”” \ roh
of 3 afforded cyclopentanecarboxamide (6 , 82% ), mp 178-180° R— h  ¡1 / = 0  —— *■
(from CHsC12) (lit.10b mp 179°). Successive treatment of 7 with _/  Na0R
thionyl chloride and ammonia converted it to the amide 6 which I \
was identical in all respects with 6 obtained from reduction of 3. CHCOOCH3

Table I summarizes the results of studies of the reaction of 1 2
with CSI under various conditions.

Reduction of 2 with Benzenethiol-Pyridine.— A solution of COOR V
pyridine (5.6 g, 0.70 mol) in 15 ml of acetone was added dropwise p I II ,0  __ H
to a Dry Ice cooled and stirred solution of 10.5 g (0.05 mol) of 2 C  il 6 —f  -|- r — L  || 1 ptr r n n m
and 10.4 g (0.10 mol) of benzenethiol in 25 ml of acetone. After N— <f I 2 3
continued stirring for 1 hr, 60 ml of water was slowly added to /  I COOCH
precipitate the phenyl disulfide which was removed by filtration. 11 ( j  H H 3
The filtrate was extracted with five 25-ml portions of ether; the
combined ether extracts were dried (Na2S 0 4) and filtered; and the u n d erw en t rin g -co n tra c tio n  re a rra n g e m e n t in  alcoholic  
solvent was removed in  vacuo to give 4.5 g (75% ) of 2-aza-3- ,■ • , ,. . . . .  , ,
ketobicyclo[2 .2 .l]heptane (5 ) as an oil slightly contaminated m ed ia to  m ixtu res  of m aleim ides an d  quin azoh n on es .3
with phenyl disulfide. Distillation at 80-82° (0.5 mm) gave 5 as O u r studios on salicylam ides an d  salicylanilides show  
a colorless viscous oil which solidified on cooling: mp 3 2-34°; th a t  th ese system s m ore closely  p aralle l th e  re a ctio n s  of
ir (neat) 3.10 (NH) and 5.72 y  ( C = 0 ) ;  nmr (CDC13) a 7 .28-6 .72  th iosalicy lam id e an d  l 4 ra th e r  th a n  an th ran ilam id es an d

L‘ Thf  T ne “ d,‘hio1 T r , T *  T themV>A nal. Calcd for C6H9NO: C, 64.82; H , 8.15; N, 10.00. req u ired  no b ase ca ta ly sis , an d  p rov id ed  excellen t yields  
Found: C, 64.52; H, 8 .03; N , 9.97. of a d d u cts  w h ich  could  be cyclized  to  seven -m em b ered

_  . heterocyclics in the anthranilam ide series and to six-
,  H,0 T £ o r i h ' S T , « “ 5  membered beneothiaeinonee in the thiosalicylam ide

I ) 3 ; ! 4; ! ' 2> 2 4 0 8 9 -5 7 - 4 ;  3 > 2 4 6 4 7 - 2 7 -6 ; 4 , 2 3 4 8 -8 9 - 2 ; s itu > tion . T h e  ^ h y d roxy am i(les yieId exclusiyeIy Bix.

5 ’ * ” '  ' membered benzoxazinones but they require base catal-
(10) (a) Heilbron, I, “Dictionary of Organic Compounds,” Vol. 1, Oxford ysis fo r b o th  th e  O H -tO -alkyne ad d itio n  an d  fo r th e

University Press, London, 1965, p 647; (b) p 645. C yclization Step. W ith  th e  excep tio n  of Salicylam ide

________________  and 1, catalyzed by N-m ethylm orpholine, it is not
possible to isolate the presumed interm ediate phenol 

S a lic y la m id e -A c e ty le n e d ie a rb o x y la te  adducts (4).
R e a c tio n s  a s  a  R o u te  to  B e n z o x a z in o n e s 1 B ases sufficiently strong to bring about hydroxyl

addition to acetylenedicarboxylate are also capable of 
N e d  D .  H e i n d e l  a n d  L e e  A . S c h a e f f e r  promoting cyclization to  the benzoxazinones. This

Department o f  Chemistry, Lehigh University, -s^\^-CONH2
Bethlehem, Pennsylvania 18015 R— f- | +  i — *-

Received Jan u ary  16, 1970

r  -1 0
P re v io u s  re p o rts  from  th ese  lab o rato ries  h a v e  p oin ted  ^ v ^ C O N H j COOCH3 II

to  th e  con sid erab le u tility  of ace ty le n e  esters  in h etero  r _ L  j T  I H v R ? ~ H
rin g-form ing re a c tio n s .2 W e  h a v e  n o ted  th a t  a n th ra n il- __ C ?*  ”” C00CHi
am ides re a c te d  w ith  d im eth yl a ce ty le n e d ica rb o x y la te  \  CH2COOCH3
( 1) to  yield  th e  corresp on d in g an ilin o fu m arates (2). L 3 J 5

4
(1) (a) Taken in part from the M.S. Thesis of L. A. S., Lehigh University,

1969. (b) Supported by Grant No. 1R01MH-13562 from the National -------------------
Institute of Mental Health. (3) N. D. Heindel, V. B. Fish, and T. F. Lemke, ib id ., 33, 3997 (1968).

(2) See N. D. Heindel, P. D. Kennewell, and C. J. Ohnmacht, J .  Org. (4) N. D. Heindel, V. B. Fish, M. F. Ryan, and A. R. Lepley, ib id ., 32,
Chem.., 34, 1168 (1969), and references cited therein. 2678 (1967).
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m eth o d , th erefo re , does co n stitu te  a  con ven ien t one- methoxide in 64 ml of methanol was refluxed for 24 hr and con- 
(  i centrated in  vacuo. Cooling precipitated white crystals of 6:

s te p  syn th esis  of a  h ith e rto  unknow n ty p e  of su b stitu te d  2 .55 g (46% ). from methanol, mp 128.0-129.5°; nmr spectrum
1 ,3-benzoxazin-4-ones (5). N m r and  ̂mass spectral (CDC13) 6 3.31 (AB q. 2 , J  = 18 Hz, -C H 2- ) ,  3.76 (s, 3, OCH3),
studies (see E xperim ental Section) eliminate the alter- 3.78  (s, 3 , OCH3), and 6 .9-8 .1  ppm (m, 5, Ar H and N H ); ir
native isomeric l,4-benzoxazepin-4-ones as the possible spectrum (K Br) 3183 (NH) and 1754, 1742, 1675 cm -1 ( C = 0 ) ;  

reaction products. These six-m em bered h eterocyclic ^  ^ 279 (< 1 )’ 22°  (1°0)’
compounds are prepared in 4 5 -9 3 %  yields, w ith one A n ab ’ Calcd for C ,j r 13N 0 6: C, 55.91; H, 4 .66 ; N , 5 .02. 
exception, by the sodium methoxide catalyzed reaction Found; 55.77; H, 4 .53; N, 5.10.
of the corresponding salicylamide or salicylanilide with 2-Carbomethoxy-2-carbomethoxymethyl-6-bromo-2,3-dihydro-
1 T he condensation of l-hydroxy-2-naphtham ide 4H-U-benzoxazin-4-one (7).— 'The reaction ofJ-bromosalicyl-

amide and 1 as described above gave a 56%  yield of the bromo- 
w ith  d im eth y l a ce ty le n e d ica rb o x y la te  w as exceed in gly  benzoxazinone> 7: from benaw£  mp 156.5-158 .0°; nmr spec-
sluggish and presum ably reflects a  pen  s ten c effect a t  trum (CDC1|!) s 3.31 (AB q, 2 , /  =  18 Hz, -C H 2- ) ,  3.79 (s, 3,
the hydroxyl. CCHs), 3.80 (s, 3, OCH;i), 6 .78-7 .18  (m, 3, Ar H ) and 7.80 ppm

T h e interm ediate adduct, 4 , isolated from  the N - (broad s, 1, N H ); ir spectrum (K Br) 3180 (NH) and 1757,
m ethylm orpholine-catalyzed addition of salicylamide 1730-- 1687 cf  7 f(C% °w  ,, NTn . r , ,,, , 8 . w o « .  N o Q1, ;  n £ 2. i. A nal. Calcd for CoH^BrNOe: 0 , 43.58; H, 3.35; JN, 3.91.
and 1 was of fumarato geometry reflecting a transoid. Found* C 43 79* H 3.42* N, 3.93.
addition. Amines6,6 and thiols4,7 have been observed 2-Carbomethoxy-2-carbomethoxymethyl-6-chloro-2,3-dihydro-
to  add w ith similar trans stereospecificity. Previous 4H-l,3-benzoxazin-4-one (8).—When equimolar quantities (30
workers in am ine-acetylene ester adducts have noted mmol) of 5-chlorosalicylamide and l were treated as above a 45%

th a t both geom etric isomers are necessary to ™  sptrtrum (C D C y T s^ O tA B  q ^ l  J  =  18 Hz, -C H 2- ) ,  3.77 and
accu rate  stru ctu re assignment by nm r.8, Reliable 3 7 8  eaoh (g> 3> 0CHs)) 6 .90-7.95 (m, 3, Ar H ), and 7.68 ppm
stereoelectronic criteria perm it fum arate assignm ent to (broad s, 1, N H ); ir spectrum (K Br) 3185 (NH) and 1759,
the more deshielded vinyl resonance.9 1735, 1685 cm -1 ( C = 0 ) .

Although we obtained only one isomer of 4 (single A n al. Calcd for CisH^ClNOe^ ^C, 49.76; H , 3 .83 ; N , 4 .47.

vinyl resonance in nm r) we were able to prepare suit- ^ “ car^m e& o^y5-carbom eth4ox4ymethyl-6,8-duodo-3-(4-iodo-
able m aleate-fu m arate models for spectral com parison phenyl)-2,3-dihydro-4H-l,3-benzoxazin-4-one (9).— A suspension
by therm al equilibration of the adducts of 1 w ith 0f 5.91 g (10 mmol) of 3,4',5-triiodosalicylanilide,12 1.70 g (12
m ethyl salicylate and m ethyl 5-chlorosalicylate. T h e mmol) of l ,  and l mmol of sodium methoxide in 50 ml of methanol
fu m a ra te  v in y l p ro to n  in  th ese  su b stan ces  w as d e te cte d  was ; e“  with stirring for 24 hr. Concentration and cooling

„ _ i ii i . • i j. r  c\f\ e n o  t precipitated a greenish-white solid which was recrystallized from
a t  8 6 .6 8  an d  the m a le a te  v in yl a t  5 .0 0 -5 .0 3  ppm . i n  1 ;1  benzene: petroleum ether (60-110°) to yield 5 .34 g (73% )
4 th e  v in y l singlet w as ob served  a t  5 6.75 p p m  th u s  p er- 0f 4be white benzoxazinone, 9: from benzene, mp 187-188°;
m ittin g  its  assign m en t as a  fu m a ra te  isom er. nmr spectrum (trifluoroacetic acid) s 3.42 (d, 2, -C H 2- ) ,  3.72

M o le cu la r m odels show  th a t  th is  in te rm e d ia te  a d d u ct, (s> 3 > OCH3), 3.90 (s, 3, OCH3), 7.1-8.5^ppm (m, 6, A rH ); ir

4, is s te n c a lly  cap ab le  of u nd ergoin g cy cliz a tio n  to  a  ^ k d ^ o r 5Ci9H ,J 3N a ; 16c !  3™.ll; H, 1.91; I , 51.98.
seven - o r e igh t-m em b ered  sy stem  b y am id e d isp lace- Found; C, 30.90; H, 1.85; 1 ,5 1 .8 9 .
m ent upon the corresponding side-chain ester, or of 2-Carbomethoxy-2-carbomethoxymethyl-3-phenyl-2,3-dihydro­
undergoing M ichael-type internal N H  addition to the 4H-l,3-benzoxazin-4-one (10) was prepared by dropwise addition
six-m em bered system  (benzoxazinones) or the seven- of 30 mmol of l to a solution of 30 mmol of salicylanilide and 3

, . , ,, . , mmol of sodium methoxide m 50 ml of methanol, th e addition
membered system  (benzoxazepinones). required 30 min and the mixture was then stirred at room tem-

E v en  under experim ental conditions (xylene/sodium  pera*ure for 24 hr during which time the benzoxazinone, 10,
m ethoxide) which effected excellent conversions of 2 precipitated. Concentration of the mother liquors produced
to the benzodiazepine, 3 , none of the benzoxazepine additional material for a total of 9.89 g (93% ) of white micro­

counterpart was detected from 4. Invariably, ele- s ’.s s l s ,  sToC H s), 3.83
m ental analysis and nm r and infrared spectroscopy sup- (s> 3> 0CH 3); and ppm (m> 9> Ar H ); ir spectrum (K Br)
ported the benzoxazinone structure, 5. T he ring clo- 1762, 1748 and 1690 cm-1 ( C = 0 ) .
sure of 4  was indeed base catalyzed since prolonged re- A nal. Calcd for Ci9H i,N 0 6; C, 64.23; H, 4 ,79 ; N, 3 .94. 
flux in m ethanol returned starting m aterial. Amine Found; C, 64.44; H, 5.01; N, 3.92.

bases can bring about cyclization but best results were by S ctT o n
obtained with sodium methoxide in m ethanol. 5 .61 g (30 mmoi) 0f l-hydroxy-2-naphthamide, 4.26 g (30 mmol)

of 1, and 0.16 g (3 mmol) of sodium methoxide in 32 ml of metha- 
. nol. After 4-hr reflux the reaction mixture was cooled and filtered

experimental Section to remove 2.15 g of l-hydroxy-2-naphthamide. The oily residue
2-Carbomethoxy-2-carbomethoxymethyl-2,3-dihydro-4H-l,3- was diluted with cold ether and filtered to isolate 1.0 g (10% ) of

benzoxazin-4-one (6).—A solution of 2.74 g (20 mmol) of salicyl- the naphthoxazinone, 11: from methanol, mp 150.5-152.0 ;
amide, 2.84 g (20 mmol) of 1, and 0.11 g (2 mmol) of sodium nmr spectrum (CDC13) 8 3.45 (s, 2, -C H 2- ) ,  3.70 (s, 3, OCH3),
______% ____ 3.79 (s, 3, OCHs), and 7 .3 -8 .4  ppm (m, 7, Ar H and N H ); ir

... „  „  , . .  „  , .  , _ spectrum (K Br) 3190 (NH) and 1755,1742 and 1675 cm _I( C = 0 ) .
(1966) U‘Sgen’ ' 6 g’ 8 ’ ’ " ' A nal. Calcd for C„H 16NOe: C, 62.01; H, 4 .56 ; N, 4 .26 .

(6) E. C. Taylor and N. D. Heindel, J .  Org. Chem.. 32, 3339 (1967). Found: C, 62.16; H, 4 .73; N, 4.29.
(7) W. E. Truce in “Organic Sulfur Compounds,” Vol. 1, N. Kharaseh, Comparison of the infrared spectrum of the oily mother liquors

Ed., Pergamon Press, Inc., New York, N. Y., 1961, pp 112- 120 . with that of an authentic sample13 revealed that the material was
(8) A. N. Kurtz, W. E. Billups, R. B. Greenlee, H. F. Hamil, and W. T. mainly dimethyl methoxyfumarate, the product of the addition

Pace, J .  Org. Chem ., 30, 3141 (1965). of methanol to I.
(9) J. E. Dolfini, ib id ., 30, 1298 (1965). -------------------
(10) Proton nmr spectra were obtained on a Varian A-60 spectrometer and (11) Fragment ions corresponding to the loss of CH2COOCK3 (m/e 206)

are reported in 5 (parts per million) units from TMS. Mass spectra were and to the loss of COOCHa (m /e  220) have been observed in a related
obtained on a Perkin-Elmer Hitachi RMU-6E spectrometer and infrared quinazolinone diester (ref 3), and support the benzoxazinone assignment in
spectra on a Perkin-Elmer 257 spectrometer, calibrated against polystyrene. this case.
Combustion analyses were provided by Dr. George I. Robertson, Jr., (12) XJ. S. Patent 2,906,711 (1960); Chem . A bstr., 54, 3873 (1960).
Florham Park, N. J. (13) E. Winterfeldt and H. Preuss, Chem , B er ., 99, 450 (1966).
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Dimethyl o-carboxamidophenoxyfumarate (4 ) was prepared by T h e  p ro je c te d  syn th esis  of 2 a  in volved  a  s ta n d a rd  
stirring together at room temperature for 24 hr a solution of 20 j - r  b ia n a a ra
mmol each of salicylamide, l ,  and N-methylmorpholine in 27 ml sequ ence of re a ctio n s  p roceed in g fro m  th e  selectively
of diethyl ether. Addition of water and agitation precipitated p ro te c te d  3 -a m m o -2 -(to sy la m in o )p ro p io n ic  acid  ( lb ) ,3
0.76 g (14% ) of the phenol adduct, 4, which was recrystallized w h ich  w as read ily  a v ailab le  b y  H o fm an n  d egrad ation

o T  , 7 ,  KT ctirum f  of N2-to sy la sp a ra g m e  ( l a ) . «  C o n d en satio n  of lb
(broad 2 , NH2)!’and 6 .6 -8  2 ppm t  ^ w e d  b y  acid  h yd roly sis  of th e
3344, 3300, and 3240 (NH) and 1725 cm " 1 ( C = 0 ) .  resu ltin g  g ly cin o m tn le  1c an d  m tro sa tio n  of th e  co rre -

Anal. Calcd for C13H13N 0 6: C, 55.91; H, 4 .66 ; N , 5 .02. sponding glycin e  Id  w ere all carried  o u t in  good yield .
Found: 55.63; H, 4 .69; N, 5 .07. T h e  cy clo d e h y d ra tio n  of l e  w ith  a c e tic  an h y d rid e

o °f t ” fXr lenri:S,0ditm\ Meth0f idt '“ A sfolution.of under a  v ariety  of conditions gave two products (A0.40 g (1.4 mmol) of dimethyl o-carboxamidophenoxyfumarate, t>\ m  n  ?• • i i /  n - A i
4, and a catalytic quantity of sodium methoxide (0.4  mmol) in ,  ,  ,, 6 thereof. Optim um  yields (ca. 6 5 % )
50 ml of xylene was refluxed for 17 hr, filtered, and concentrated. 01 one 01 these compounds (A ), mp 1 7 6 -1 7 8 °  dec, were 
The crude crystals were washed with cold ether and filtered to realized after 24  hr a t  room  tem perature, whereas
yield 0.18 g (45% ) of the benzoxazinone, 6, identified by melting heating for 30  min or allowing the reactan ts to stand

<«, i z erat0re,!,0,r L T f 8
was synthesized by allowing an ethereal solution of 0.20 mol each pound. (r>J, mp 14o 145 dec, in 3 0 -5 0 %  yield
of methyl salicylate, triethylamine, and 1 to stand at room tern- along with dark-colored, noncrystalline products, 
perature for 2 days. The ether was removed, the residue dis- T h e presence of both the Sydnone ring and the p -  
soiyed in benzene washed wen with water dried (MgSOj), and toluenesulfonamido groups in A was indicated by ul- 
distilled to yield 37.6 g (64% ) of a pale yellow oil: bp 175-180 +rQ,  • n , 0 0 0  .
(1 Torr); nmr spectrum (CDC18) s 3 .70, 3.78, 3.92, 3.94, 3.98 t  aviolet m axim a a t  300  and 232  mg, respectively, 
and 4.03 for the respective methoxy singlets, 5.00  (s, 1, maleate Identification oi A  as the N -acety l derivative 2c of
vinyl H, 50% ), 6.68  (s, l , fumarate vinyl H , 50% ) and 6 .8 -8 .2  the expected sydnone 2b was supported also by its
ppm (m, 4, Ar H). infrared spectrum , which showed the sydnone ring
5 7 lo ttZH <4 7 <f  f°r Cl4Hl4° ,: C’ 57'14; H ' 4 '73, Found: c > C H  absorption2 as well as three closely spaced bands in

Dimethyl o-carbomethoxy-p-chlorophenoxy-2-butene-l,4-dio- the 1700-1730 -cm  region ( C = 0 ) .  N o sulfonamide
ate (13) was prepared from methyl 5-chlorosalicylate as described hiH stretching absorption was observed, 
above: bp 181-184° (1 Torr); 63% ; nmr spectrum (CDC13) S
3.62, 3 .68, 3 .71, 3 .78, 3.93 and 3.95 for the methoxy singlets, u n r c H m o  u n  r n u n u  xt____
5.03 (s, 1, maleate vinyl H , 42% ), 6.68  (s, 1, fumarate vinyl HU2L..HLH2K H 02CCHCH— N = = C H
H, 58% ) and 6 .8 -8 .1  ppm (m, 3, Ar H ). I I

Anal. Calcd for C14H 13C10,: C, 51.14; H, 3 .96. Found: C , HlNIs RNR 0
51.19; H, 4 .08 . la ,R  =  CONH, 2a,R  =  R' =  H

Registry N o . - l ,  762-42-5; 4 (R  =  H ), 24704-24-3; « R-NHCHCN « R ' - t ,
6 , 24716-40-3; 7, 24716-41-4; 8, 24716-42-5; 9 , 24716- d r = nhch COH R-CH 3CO, R -T s
43-6; 10, 24716-44-7; 11, 24716-45-8; 12 m aleate, e R=N(NOtCH CO H
24704-25-4; 13 m aleate, 24710-88-1; 12 fu m arate, ’ 2 2  _
24710-82-5; 13 fu m arate, 24710-83-6. j

ho2cc= ch2 ho2cchch2occh= n= n

CH3CONTs NH2

F r a g m e n t a t i o n  o f  a  S y d n o n e  via E l im in a t io n 111’11 3 4
Ts = p-CH3C6H4S02

L e o n a r d  J .  F l i e d n e r , J r ., a n d  I .  M o y e r  H t j n s b e r g e r 1c

N -A ce ty l-N -to sy la la n in e  (5b) w as p rep ared  from  
Department of Chemistry, University of N -to sy la la n in e  (5 a ) 4 an d  a c e tic  an h y d rid e as a  m odel

Massachusetts, Amherst, Massachusetts 01003 to  assist in  th e  assig n m en t of th e  ca rb o n y l b and s of
2c. Infrared com parison (Nujol) of the two compounds 

Received November 3,1969 suggests th a t the high-frequency band (1728 c m " 1) of
2c  is the sydnone carbonyl. Differentiation of the  

Although a num ber of ch aracteristic reactions of carbonyl bands of 2c was effected further by examining 
sydnones h ave been thoroughly docum ented,2 a  novel the spectra of 2c and 5b in dioxane. Assignments (see 
type of fragm entation reaction has now been encount- E xperim ental Section) were determ ined by com pari-
ered during the course of an attem p ted  preparation of son with N -acetyl-N -tosylglycine in which the posi-
3-sydnonealanine (2a). I t  was hoped th a t 2a  would tions (in dioxane) of the acetam ido (1712  cm -1 ) and 
possess carcinolytic activ ity  because certain  sydnones carboxyl (1754  c m - 1) functions have been established.7 
have tum or-inhibiting properties (cf. ref 2). the alanine T he form ation of B  from  the N -nitrosoglycine le  via 
m oiety is biologically com patible, and there is a  strik- the interm ediate sydnone 2c  appeared likely since B  
ing stru ctu ral and electronic (zwitterionic) sim ilarity
between 2a  and the isomeric azaserine (4), the la tte r (3) Vhe terms tosylamino and tosyl refer to the p-toluenesulfonamido and 

. _ _ . 1 1  • , p-tolylsuifonyl functions, respectively,
being a  well-known antileukem ic agent. (4 ) Since the starting materials for the syntheses described herein were

DL-asparagine and DL-alanine, all compounds with an asymmetric center
(1) (a) Sydnones. V. Part IV: C. J. Thoman, S. J., D. J. Voaden, have the dl configuration.

and I. M. Hunsberger, J .  Org. C hem ., 29, 2044 (1964). (b) This investiga- (5) J. Rudinger, K. Poduska, and M. Zaoral, Collect. Czech. Chem.
tion was supported, in part, by a research grant (CA-05478) from the Na- Com m un., 25, 2022 (1960).
tional Cancer Institute of the U. S. Public Health Service, (c) To whom (6) J. M. Tien and I. M. Hunsberger, J .  A m er. Chem . S oc., 83, 178
all inquiries should be sent. This paper is taken, in part, from the Ph.D. (1961).
dissertation of L. J. F., University of Massachusetts, 1965. (7) M. Zaoral and J. Rudinger, Collect. Czech. C hem . C om m un., 26, 2316

(2) F. H, C. Stewart, Chem . Rev., 64, 129 (1964). (1961).
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also w as o b tain ed  b y  h e atin g  2 c  w ith  a c e tic  an h y d rid e. aqueous glycolonitrile. The white precipitate that formed within 
mu - i  u  ,■ i r 9 0 0  m  uvroolnrlori 15 min redissolyed after ca. 30 mm. After 12 hr, the orange solu-
T h e  single u ltra v io le t m a x im u m  a t  2 3 2  m m p reclud ed  tion wag clarifled by fiitration and cooled. Slow addition of
th e  p resen ce  of a  syd none ring, F u rth e rm o re , th e  concentrated HC1 to pH 2-3  (pH paper) precipitated a very
em p irica l fo rm u la  in d icated  t h a t  tw o of th e  origin al finely divided solid that was washed with cold water and dried
th re e  n itrog en  a to m s  of 2 c  h ad  been  lost. T h e  a cry lic  in  vacuo overP2Os: yield 60.4 g (85% ) of a peach-colored powder;
ac id  s tru c tu re  3  is in  co m p lete  a cco rd  w ith  th e  in frared  163-166° dec. This product was suitable for use in the next

sp e ctru m  of B . F in a lly , c a ta ly tic  h yd ro g en atio n  of 3  Crude lc crystallized with difficulty from the common organic
p rovided  5b w hich  w as id en tical (m ix tu re  m eltin g  solvents and partially reverted to the starting material lb on
p oin t an d  in frared  sp ectru m ) w ith  th e  m a te ria l ob- attempted recrystallization from water or aqueous ethanol. A
tain ed  b y  tre a tm e n t of 5 a  w ith  a ce tic  an h yd rid e. sample was purified by dissolving in the minimum amount of 5%

T b :„ frno-mpTitiifinn of an oth erw ise stab le  aqueous NaHCOa, diluting with a fourfold volume of water, and
T h is  u n exp ected  fra g m e n ta tio n  ol an  oth erw ise stab le  reprecipitating with 10%  aqueous HC1. Thorough washing with

syd n on e u n d er th e  u su al con d ition s oi its  syn th esis, water and drying yielded a light pink, microcrystalline solid.
i .e . ,  d e h y d ra tiv e  cy cliza tio n  w ith  a c e tic  an h y d rid e, This process, repeated three times, gave a sample: mp 172-174°
m a y  w ell p ro v e  to  be a  gen eral re a c tio n  fo r su ch  su it- dec, followed by partial resolidification and gradual remelting at
a b ly  co n stru c te d  com pounds. W h ile  th e  m ech an ism  of 180K“193° ; “ 9n{NlH° ! )' 3,2<30 M fonam ide N H ), 1630 (ionized

th e  re a c tio n  h as n o t been stud ied , a c e ta te  ion  (in equilib- ^ A n a i.  baled for C^H^NYLS^ C, 48.48; H , 5 .09 ; N , 14.14;
riu m  w ith  th e  a c e tic  acid  form ed  in  th e  re a ctio n ) possi- s> 10 .76 . Found: C, 48.35; H, 5 .13; N, 14.10; S, 10.56.
b ly  a c ts  as  a  m ild  a c ce p to r  for th e  m eth in e p ro to n  a e ti-  3-[(Carboxymethyl)amino]-2-(tosylamino)propionic Acid (id ), 
v a te d  b y  th e  ca rb o x y l an d  sulfonam ido groups. In  — A solution of 59.4 g (0.200 mol) of crude lc in 630 ml of con-
ad d itio n , th e  cy clic  azom ethin eim in e s tru c tu re 9 fo r eentrated HC1 was diluted with 315 ml of water and refluxed for

, ’ . J  , .  3.5 hr. After evaporating to dryness in  vacuo, the residue was
syd n on es or s tru ctu re s  co n trib u tin g  to  th e  a ro m a tic  taken up in ice-cold water, filtered from insolubles, and again
reson an ce h yb rid  h a v e  a  fo rm al p ositiv e  ch a rg e  a t  evaporated in  vacuo to dryness. Careful treatment (ice bath) of
3N . 2 T h is  should lend ad d itio n al d riv in g  fo rce  fo r th e  the red-brown, semisolid residue with 342 ml (ca. 10%  over
E 2  elim in ation . T h e  re la ted  p rob lem  con cern in g th e  theory) of 5%  aqueous NaHCOs gave a suspension (pH 2 , pH
r , p , ,  i i- ■ . , j- ____, /• „ paper-' which was chilled thoroughly and filtered, ih e solid
fate  of the presumed e im m ated fragm ent (t.e the ^  was waghed with coId watV  sucked dry, washed with
syd n on yl an ion  or fo rm ally  th e  unknow n p a re n t h ete ro - ether, and dried gave 48.3 g (76% ) of a pink, microcrystalline
cycle , syd none) m u st a w a it full e lu cid ation  of th e r e a c -  powder, mp 172-174° dec. Recrystallization from 1 :1  ethanol-
tio n  sto ich io m etry . water (charcoal) yielded colorless flat needles (60% ): mp 177-

T h e  syd none 2 c  an d  th e  in term ed iates  l a - e  w ere sub- 179° dec unchanged by further rec^stallization; ir (Nujol) 
. . .  i f ,  i rr 4-t, -kt 1 a  • 3260 (sulfonamide N H ), 1715 (carboxyl), 1620 (ionized carboxyl),

m itte d  to  th e  C a n ce r C h e m o th e ra p y  N a tio n a l s e rv ic e  1330 vand 1160 cm _! (gQ2)
C e n te r  fo r te s tin g  in th e ir  a n titu m o r screen . A ll A n ai  Calcd for C12Hi6N20 6S: C, 45.57; H, 5 .10 ; N , 8 .86 ; 
com p ou n d s w ere in a ctiv e . S, 10.12. Found: C, 45.46; H, 5 .02; N, 8 .76 ; S, 10.11.

3-[(Carboxymethyl)nitrosamino]-2-(tosylamino)propionic Acid 
(le ) .— A stirred suspension of 28.0 g (0.886 mol) of once-recrystal- 

Experimental Section lized Id, 8 ml of concentrated HC1, and 105 ml of water was
„ „ , . . , , , . . T_ „ , , , . treated with small portions of concentrated HC1 (ca. 11 ml) until
Melting points were determined on a Kofler hot stage and are lete golution occurred. w ith  cooling ( - 5 ° ) ,  a solution of

uncorrected Infrared spectra were determined with a Beckman { godium ^  in 50 ml of water was added during 30
IR-5 a Perkm-Elmer Model 21, or a Perkm-Elmer Model 337 min. K stirring was continued for 1 hr at - 5 ° ,  1 hr at 0°, and
spectrophotometer fitted with a grating. Ultraviolet spectra overni ht at room temperature. Sufficient ether was added to
were determined with a Cary M odel14 recording spectrophotom- ^  ipitate and the two clear layers separated,
eter. Microanalyses were performed by Galbraith Laboratories, ^  aqueoug £ yflr wag saturated with NaCl and extracted with

enn’ • , ,  , .til- j , , three additional portions of ether, and the combined extracts
N ’-Tosylasparagme ( la ) .-T h is  compound was prepared from were dried (M s£ ( ) . Evaporation in  vacuo gave a frothy oil

DL-asparagme monohydrate by the procedure used for the corre- which wag triturated with d chioro{orm and air-dried: yield,
spondmg n isomer.10 The crude product (85% , a white micro- 29>4 yellow der ( itiye Liebermann test);
crystalline powder, mp 169-172 ) was used for the next step with- d e/ w i^  iM  melting from 94°. The melting
out further purification Recrystallization from 1 :4  ethanol; ¿ ’nt of thig produot; Tiieh  appeared to be a solvate (probably 
water gave the analytical sample as colorless plates, mp 171-173 £ ydrate)j var[ed wideiy from run to run. 0 n occasion, melting

1 a ^  m ’ j  f n  tt at a  o 4A 1k xj a no at n at 70-77° followed by partial solidification (95-140°) and de-A n al. Calcd for C11H14IN2O5S: 0 ,4 6 .1 5 ;  H, 4 .93; JN, 9.79 . ..  /1A-  1Ano\ u a r r u + - A ___uo io t? i n  ag ao tj k r\A at n vn a i i  oi composition (147-149 ) was observed. This material could beS, 11.18. Found: C, 46.48; H, 5.04; N, 9 .70; S, 11.24. f ,  v .. „ . ,u , c ,r „ _  • ,>_ . . _ x . . * -j  /,i.\ tt f i used for preparation of the sydnone 2c without further punfica-3-Amino-2-(tosylamino)propiomc Acid (lb ).— Hofmann deg- r  j  ,, .. r i r  t A. i t  j  r A  j- tion; however, superior yields were realized when it was re-
radation of la according to the method for the corresponding l l ] ] i d  f ’ Ahvl arPt at e-hexane 77-90%  recoverv of aisomer5 gave crude lb (79% ), sufficiently pure (mp 223-224° dec) crystallized irom ethyl acetate-hexane, 77 9U /0 recovery ol a
* . , , /  i T - i  1 / 1 1  i i t  ( pale yellow solid (positive Liebermann test), mp 151-153 dec.for use m the next step. An analytical sample (colorless lathes) .. £ f  -j  Aj  i x iv x- r 1 0  1 * 1  x* ■ j  Additional recrystallization from ethyl acetate-hexane providedwas prepared by recrystallization Irom 1 :3  glacial acetic acid- , J , ico  iroo i  • AT • n o n e /  if• c o . i  4.̂ 700 /0  ̂ -o n  „one Ooco an analytical sample: mp 152-153 dec; ir (Nuiol) 3145 (sulion-water and drying for 24 hr at 78 (3 mm) over P 20 5, mp 225-226 ^  &H)j ^  (carb^xyl)> m 0  (carboxyl)>J 1335 and 1155

A n al. Calcd for CioH i4N20 4S: 0 ,4 6 .5 1 ;  H, 5.47; N, 10.85; cm . r< w m n  a n  „  ™ n  , no m  10 17a io on -t? i r* ag on tj c ac at i i  no a io c c  A nal. Calcd for C12H15N3O7&: C, 41.73 H, 4.38 N, 12.17;S, 12.39. Found: C, 46.39; H, 5 .45; N, 11.02; S, 12.55. a n on i? a n  i on, n  a oi . at n  w . a n na
3-[(Cyanomethyl)amino]-2-(tosylammo)propionic Acid (lc).— ’ ''. ' . f™n ' . ’ ' ’ ’ \ ’ ’

To a cold solution of 9.60 g (0.240 mol) of NaOH in 162 ml of . ( ’7  stoppered suspen-
. G-t n /n om  i\ £ i t  a a a • x* tf n sion of 6.00 g (0.0174 mol) of once-recrystaliized le and 18 ml olwater, 61.9 g (0.240 mol) of lb was added m portions. If all \  J  ♦ u x,i ■ ” , j . ,  , j .  , n j , . , .  A . - K M acetic anhydride was stirred at room temperature. Within aboutthe ammo acid did not dissolve, small additional amounts ol 5%  J , afx oa t r

aqueous NaOH were added until complete solution occurred or 12 h+r complete solution occuiTed. After 24 hr, the mixture of
until no more solid dissolved. The stirred solution was warmed crystalline precipitate and yellow supernatant liquid was cooled
, , _ , j  + + a :ik oo k m on i\ i nnar (ice bath) and 120 ml of ice-cold water added. Ihe ice bathto room temperature and treated with 23.5 g (0.29 mol) of 70%  v , ,, . ,  , , ,. . ,. , , twas removed after several hours but stirring continued for several

 ̂ more hours. An additional 90 ml of water was added and the(8) Samples of 2c have been stored for at least a year without appreciable . ,. , -> x-i n xt. *i t j  i. adeterioration suspension stirred vigorously until all the oily semisolid had
e(9)10Fa H.nc. Stewart and N. Danieli, Chem. Ind. (London), 1926 (1963). solidified. After cooling (ice bath), the product which was

(10) A. Kjaer and E. Vesterager, Acta Chem. Scand., 14, 961 (1960). washed with cold water and dried gave 4.30 g (67% ) of cream-
(11) M. R. Bovarniok, J .  Biol. Chem., 148, 151 (1943). colored powder, mp 172-175° dec. Recrystallization from
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ethanol-hexane (charcoal) yielded clusters of colorless prisms in  vacuo almost to dryness. Addition of 15 ml of water to the
(negative Liebermann test), mp 175-177° dec. An additional residual oil and scratching initiated solidification. After cooling
recrystallization yielded pure 2c: mp 176-178° dec; uv max (ice bath), the solid was filtered, washed with cold water, and
(dioxane) 232 and 300.iriM (e 15,000 and 6300); ir (Nujol) 3155 dried: yield 210 mg (75% ) of cream powder; mp 122-124°,
(sydnone CH ), 1728 (sydnone C = 0 ) ,  1714 (carboxyl or acet- mmp 122-124° with sample prepared as in A. The ir was
amido C = 0 ) ,  1703 (carboxyl or acetamido C = 0 ) ,  1355 and identical with that obtained for the product in A.
1165 cm-1 (SO2); ir (dioxane) 1765 (sydnone C = 0 ) ,  1750 
(carboxyl C = 0 ) ,  and 1715 cm -1 (acetamido C = 0 ) .  _

Anal. Calcd for Ci,H ,5N30 ,S : C, 45.53; H , 4 .09 ; N, 11.38; R e g is try  N o . - l b ,  2 4 5 7 1 -5 3 -7 ; l c ,  2 4 6 2 7 -1 1 -0 ; Id , 
S, 8.66. Found: C .4 5 .0 6 ; H, 4 .06 ; N, 11.27; S, 8.65 . 2 4 5 9 9 -1 4 -2 ; l e ,  2 4 6 2 7 -1 2 -1 ; 2 c ,  2 4 6 2 7 -1 3 -2 ; 3 ,2 4 5 7 1 -

2-[N-Acetyl(tosylamino)]acrylic Acid (3). A. From 2c and 5 4 -8 ; 5b, 2 4 6 2 7 -1 3 -4 .
Acetic Anhydride.— A suspension of 500 mg (1.4 mmol) of 2c 
and 2.5 ml of acetic anhydride was heated on the steam bath with
protection from moisture. The solid gradually dissolved with ----------------------------
moderate evolution of gas; after 30 min the orange solution was 
cooled (ice bath) and 8.5 ml of ice-cold water was added. Stirring
was continued for several hours during which the initially formed D e h y d ra tio n  o f  A m id o x im e s  w ith
oil became a semisolid. On being warmed to room temperature .
the solid dissolved, and the solution was evaporated to dryness a n d  w i t h o u t  K e a r r a n g e m e n t
in  vacuo. Drying in  vacuo over KOH produced a semisolid which
on trituration and washing with several portions of anhydrous J. H. B oyer and P. J . A. F rints
ether left 110 mg (29% ) of 3 as a light tan powder, mp 140-144°
dec. Two recrystallizations from ethyl acetate-hexane (char- __ ___ . ,  n , . , TT . .,
coal) yielded clusters of small colorless needles: mp 143-145 dec; __ n - , n  m A, ■ r„ . .
ir (Nujol) 1720 (acetamido 0 = 0 ) ,  1690 (conjugated carboxyl ChlCa6° C m k  CamPus’ Chlca° 0’ I lh n ™  60608
C = 0 ) ,  1635 (conjugated olefin C = C ), 1350 and 1165 (SO2), and
915 cm-1 (olefin CH deformation).12 Received Ju ly  2 4 , 1969

A nal. Calcd for C12H13N 0 6S: C, 50.88; H, 4 .63; N, 4.95;
S, 11.30. Found: C, 50.81, 50.69; H, 4 .64, 4 .53 ; N, 4 .80 ; Carbodiimides 4  and amidines 5 h ave been obtained

, , ,  .. . , , . ,  . , , . for the first tim e from  the reaction between an N -arvlB. From le and Acetic Anhydride.— A stoppered suspension , T ,, , ^ ^ . J 1
of 1.00 g (2.9 mmol) of once-recrystallized le and 5 ml of acetic iN-alkyl amidoxirne 1 and benzenesulfonyl chloride
anhydride was allowed to stand in the dark at room temperature in pyridine.2,3 As expected, a  2-substituted benzimid-
with occasional swirling. Within 12 hr complete solution oc- azole is the m ajor p roduct from  an N -aryl amidoxirne 3
curred; after 2 weeks the clear, orange solution was added with b u t similar dehydration of an N -alkyl amidoxirne, pre­
stirring to 20 ml of cold water (ice bath), ih e ice bath was •___ , , , , , . . , , ,
removed after several hours, but vigorous stirring was continued y  unexplored, does not give an intramolecular
overnight until the amorphous semisolid was converted into a cyclization.
uniform suspension of flocculent solid. After cooling, the product D ehydration of an amidoxirne w ithout rearrange-
which was filtered, washed thoroughly with ice water, and dried ment  leaves an azom ethine nitrene 6. Presum ably as
gave 0.44 g (54% ) of cream-colored powder, mP 141-143° dec. a  t rip let ,  the nitrene ab stracts hydrogen from  solvent to
Its ir was identical with that obtained for the product m part A , . ! , ,1 .. /  &
above bring about the formation of an amidme 5. Ring

N-Acetyl-N-tosylalanine (5b). A. From 5a and Acetic An- closure by intram olecular insertion into an appropriate
hydride.— A stoppered suspension of 7.29 g (0.0300 mol) of arom atic C H  bond m ay proceed from  a nitrene such
powdered N-tosyl-DL-alanine (5a)13 and 30 ml of acetic anhydride as 6 a  an d  6 d .4 How ever, the form ation of benzimida- 
was stirred at room temperature. Within 12 hr solution oc- • .r  i r i , • _  p r . , - ,
curred, and after 26 hr this was cooled (ice bath) and 100 ml of Z° lej  m  th e  dehydration of N -aryl amidoximes l a  and
ice-cold water added with stirring. The ice bath was removed '  d does not depend on nitrene interm ediacy insofar as
after 3 hr but stirring was continued for l hr during which ring closure from  a corresponding nitrenium  cation m ay
the initially formed colorless oil dissolved. A small sample of occu r.5 T h e form ation of a  carbodiimide has been
this solution was removed, diluted with excess water, and found to be concerted with the elimination of carbon
scratched to initiate crystallization, ih e reaction mixture then ,. . .  . . , , ,
was seeded, and after standing 2 hr (ice bath) the solid was dioxide from  an oxadiazolone ra th er th an  by rearrange-
filtered, washed with cold water, and air-dried: yield, 6.30 g m ent of an azom ethine nitrene which is also produced.4
(74% ) of a snow-white solid; mp 122-123°. Recrystallization W e now suggest th a t carbodiimide form ation proceeds
from 2 :1  carbon tetrachloride-benzene gave colorless prisms: from  an O-benzenesulfonyl ester 2 of an amidoxirne
mp 122.5-123.5°; uv max (dioxane) 2 3 2 m,, (« 14,500); ir (Nujol) s im u ltan eou slv  w ith  «  or f 3  elimination.
1713 (carboxyl or acetamido C = 0 ) ,  1700 (carboxyl or acetamido " 1
C = 0 ) ,  1350 and 1170 c m '1 (SOj); ir (dioxane) 1755 (carboxyl
P  P )  an3 1707 cm 1 (acetamido C O). (1) Financial assistance was received from NASA Grant No. NGR

A nal. Calcd for C12H15NO0S: C, 50.52; H , 5 .30; N, 4 .91 ; 14-012-004.
S,,11-22. Found: C, 50.57; H, 5 .19; N, 4 .80; S, 11.48. (2) M. w. Partridge and H. A. Turner, J .  P h arm . P harm aco l., 5, 103

The acetyl group of 5b was readily cleaved to regenerate 5a.14 (1959), established the initial product as a carbodiimide (RN=C=NH)
Thus, when a solution of 2.00 g (7 mmol) of 5b and 5 ml concen- which rearranged into a cyanamide (RNHCN) in the similar dehydration of
trated NH4OH, which had been allowed to stand at room tern- a Pnmafy amidoxirne.
perature for 1 hr, was diluted with water (5 mb and acidified (3) W ' Partr;dge and H- A. Turner, J .  Chem . S oc., 2086 (1958), pro-
(pH 1-2) with concentrated HC1, a colorless oil separated which duoeHd 2-subs“ " ted *«»» f.lmilar treatment of N-aryl; .. . .  i j  • rvony amidoximes. When carried out in aqueous sodium hydroxide, carbodiimides,
readily solidified. Filtration, washing, and drying gave a 92%  but not benzimidazoles, were obtained from C6H5NHC(R)=NOH and
yield of 5a. mp 140-142 , no melting point depression with benzenesulfonyl chloride.
authentic13 5a and identical ir. (4) J. H. Boyer and P. J. A. Frints, in press.

B. By Catalytic Reduction of 3.— Pt02 (40 mg), 280 mg (0.99 (5) Cyclization into a 2-substituted benzimidazole from azomethine
mmol) of 3, and 20 ml of glacial HO Ac was hydrogenated (Parr nitrenium cations, produced by dissociation of the ester,2 has been proposed,
apparatus) for 12 hr at 40 psig. The catalyst was washed with A discrepancy between product yields for 3a,« 4a, and 3d7 and the corre-
a little glacial HOAc the combined filtrates were evaporated sponding yields previously obtained» (Table I) has not been accounted for.

(6) F. C. Cooper and M. W. Partridge, J .  Chem . S oc., 225 (1953). An 
authentic sample was prepared by mixing equivalent amounts of 2-benzyl-

(12) L. J. Bellamy, “The Infra-red Spectra of Complex Molecules,” benzimidazole and benzenesulfonic acid in chloroform.
Methuen and Co., London, 1960, p 34. (7) K. Hoffmann in “The Chemistry of Heterocyclic Compounds,”

(13) A. F. Beecham, J .  A m er. Chem . Soc., 79, 3257 (1957). A. Weissberger, Ed., John Wiley & Sons, Inc., New York, N. Y., 1953, p 380:
(14) J. M. Swan and V. du Vigneaud, ib id ., 76, 3110 (1954). Sd hydrochloride mp 90-92°; 3d picrate mp 212-213°.
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T a b l e  I

P r o d u c t s  f r o m  A m id o x im e s  1 a n d  B e n z e n e s u l f o n y l  C h l o r id e  in  A n h y d r o u s  P y r id in e “

—------------------------------------------------------— -------- ---- Products6---------- ---------------------------------------------------------------- -
,--------------36--------------. - - -------- ---- — 4----- -------------------- . .-----------------------------6----- ----------------------- .

Yield, Bp, °C Yield, Derivative,d Yield, Derivative,6
1 Solvent“ Mp, "C %  (mm) % mp, °C Mp, °C % mp, °C

a Benzene 290-291“ 7 2 ' 18" 236-237* 0
b Benzene n o -I I S '1 64 180-182* 114r-115* Trace 278-280’'

(0 .7 )
Dioxane 83‘ 1 .5

c Benzene 138-140* 88*' 168-169* Trace 222-225*
(0 .25 )

d Dioxane 187-188* 72' 0 137-139* 10

0 Benzene was dried over sodium wire. Dioxane was refluxed over lithium aluminum hydride for 3 hr and distilled from the hydride 
immediately before use. Pyridine was stored over potassium hydroxide pellets for at least 1 week before use. * Each product identi­
fication consisted of identical comparison of ir and/or nmr spectra with authentic spectra and mixture melting point. 6 3a picrate mp 
270-272°;® 3d benzenesulfonate mp 183-184°,6 3d hydrochloride mp 90-92°,7 3d picrate mp 212-2130.7 d Each carbodiimide 4a-c  was 
converted into the corresponding urea by stirring with 6 N  hydrochloric acid for a few minutes. The melting point of each urea is 
recorded. 6 5b hydrochloride and 5c hydrochloride precipitated from aqueous acid solution. The melting point of each hydrochloride 
is recorded. f  A 98%  yield was reported.3 5 A 69%  yield was reported for the reaction in aqueous sodium hydroxide.3 * J . H. Boyer 
and P . J .  A. Frints, submitted for publication. * Yield based on assumed quantitative conversion into the corresponding urea. ’ P . 
Oxley and W. F . Short, J .  Chem. Soc., 499 (1949). * P. Oxley and W. F . Short, ibid ., 1114 (1947). 1 A 63%  yield was previously
reported.3

In  agreement with earlier observations on the azo- Products from N-Cyclohexylbenzamidoxime— Removal of the
methine nitrenes 6 a -d 4 cyclization accompanying dehy- solvent from the reaction mixture obtained from N-cyclohexyl- 
, , .  £ - j  - i , , , , , benzamidoxime left a light brown oil and a solid residue. Extrae-dration of amidoximes has not been observed when an tion with 25 ml of hexa* e left 3 .3 g of an insoluble coioriess solid,

mp 107-115°. Its aqueous solution was made basic by adding 
solid potassium hydroxide and was then extracted with chloro- 

R' form in which 8 mg of light brown solid, mp 105-110°, did not dis-
| solve and gave an ir spectrum which resembled that of N-cyclo-

m I hexylbenzamidine. Removal of hexane from the first extraction
f  \  left 1-85 8 of an oil from which N-cyclohexyl-N'-phenylcarbodi-

R C* jL l[  ̂ yCR imide distilled at 116-118° (0.7 mm ) ,4 1.27 g (64% ), and left a
q\j'' ' '^ Vvy / ts[ dark black residue. Both ir and nmr spectra of the distillate

| ' I were identical with the respective spectra for an authentic
RC(=NOH)NHR' OSO^C6H5 H sample of N-cyclohexyl-N'-phenylcarbodiimide.4 Quantitative

1 2  3 hydrolysis with 2 N  hydrochloric acid gave N-cyclohexyl-N'-
phenylurea, mp and mmp 180-182°, with both ir and nmr spectra

_jg 1̂ / identical with the respective spectra for an authentic sample of the
// \ urea.4

N. ,C— 0  When anhydrous dioxane was substituted for benzene, the
R N = C = N R ' RC(=NH)NHR' RC(N )=N R' X(j  reaction mixture was stirred with 10 ml of 6 N  hydrochloric acid.

4  5 6 7 Amost immediately, a precipitate of colorless N-cyclohexy-N'-
phenylurea appeared. After 30 min it was isolated, 1.65 g (7.5

a ,  R =  R' =  C6H5 mmol), 75% , mp 181-182.5°. A chloroform extract of the
b, R =  C6H5; R '=  C6Hu filtrate was dried over magnesium sulfate, filtered, and concen-

R = r H - R '  =  r H r H  trated to give a light brown solid, mp 150-160°, which recrystal-
j ’ n - c V r a . p ' - P H  lized from acetone as 170 mg (0.7 mmol), 7 .8% , mp and mmp

’ 6 5 2. 6 5 180-181.5° of N-cyelohexyl-N'-phenylurea, ir and nmr spectra
identical with those of authentic material. The acid solution 
was treated with potassium hydroxide pellets while cooling in an 

N - C  bond fo rm atio n  req u ired  (1 ) a t ta c k  a t  a n  a lip h a tic  ice bath and was extracted with chloroform. After drying,
carb o n  a to m , (2 ) indole ra th e r  th a n  benzim idazole filtering, and evaporating, the chloroform extracts a brown solid,
rin g  closure, an d  (3 ) rin g  closure to  a  six-m em b ered  wbich b“  coi° rle®s ok.hexylben zarnidine hydrochloride 

. . . .  1, J, T  ̂ „ ,  after washing with ether, mp 278-280°,4 42 mg (0.17 mmol),
ring. In  c o n tra s t  to  resu lts  from  oxad iazolones 8  1 .7% , identical with those of an authentic sample. After treating
fra g m e n ta tio n  of a n  am id oxim e in to  a  n itrile  (R C N ) the hydrochloride with potassium hydroxide pellets with stirring
an d  a  n itren e  ( R 'N )  w as n o t d e te cte d . for 15 min, the solution was extracted with ether. Evaporation

of the dried ether extracts gave 30 mg (0.15 mmol), 1.5% , of 
colorless N-cyclohexylbenzamidine, mp and mmp 112-114°, ir

Experimental Section and nmr spectra identical with those for an authentic sample.4
Isolation of 2-Phenylbenzimidazole.— In working up the re- 

Each amidoxime la -d  was previously prepared as an inter- action mixture frQm N-phenylbenzamidoxime, hexane extraction
mediate for conversion into an oxadiazolone 7a -d .4 left an insoluble solid. After washing with 10%  potassium hy-

Except for product isolation the general procedure described droxide> the golid recrystaiiized from ethanol as colorless 2-
by Partridge and Turner3.3 was followed for treating each amid- phenylbenzimidazole, mp 290-291°,4 1.39 g (72% ).
oxime with benzenesulfonyl chloride m pyridine. A solution of • 1 + j  u • j  jn ni i r -a • j * i j  • in i r i_ , i  Other products are isolated by similar procedures and are
0.01 mol of the amidoxime dissolved in 10 ml of benzene and 5 described in Table I 
ml of pyridine, protected from moisture, was cooled to 0- 5 ° in 
an ice bath. A solution of 1.76 g (0.01 mol) of benzenesulfonyl
chloride in 5 ml of benzene was added dropwise with stirring. __at~ i oaoo z>-r i -.u m  rv
The addition was completed in 30 min during which time a N o . - l a  3 4 8 8 -5 7 -1 ; lb ,  2 4 7 0 6 -9 1 -0 ; l c ,
colorless solid separated and a light yellow color developed. The o 4 8 8 -5 5 -9 ; Id , 2 4 7 1 1 -1 8 -0 ; benzenesulfonyl chloride, 
mixture was kept overnight at 0 -5 ° . 9 8 -0 9 -9 .
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T h e P rep aratio n  and Cleavage o f refluxing 2 in acetic acid containing 15% water for
Som e 3 ,3-D im eth yl-3-sila tetrah yd ro carbazoles  ̂ l̂r’ ^  was obtained in 65%  yield. In the absence

water, or when 1%  water was added to the reaction 
Leonard M. Rice, Bhagvandas S. Sheth, and mixture, no products could be isolated. The formation

Theodore B. Zai/ucky of lb  from 2 is presumably initiated by nucleophilic
„ „ , D. „  , TJ . ,  „  r  . n / . »nnm attack of acetate ion on silicon, a reaction well known

fo r b enzylic silan es . 4 P ro to n a tio n  of th e  re so n an ce-  
M e i e r  E . F r e e d  stabilized  an icn  3  an d  elim in ation  of a c e tic  an h y d rid e

th e n  led to  1 .
Wyeth Laboratories, Inc., Radnor, Pennsylvania 19087

Experimental Section

Received November 17, 1969 Melting points are uncorrected. Nmr spectra were obtained
on a Varían 60-Mc spectrometer using tetramethylsilane as 

In  a  continuing study of polymethyleneindoles,1 internal reference. The ir spectra were obtained in CC1<, using
the preparation of sila analogs of tetrahydrocarbazole PerklI)-EImer Model 21 double-beam spectrophotometer.

K j  , , A j  , • /  , , ,  . ,  Uv spectra were obtained with a Perkin-Elmer Model 202
w as u n d ertak en . A  m odified F is c h e r  índole sy n th esis2 spectrophotometer.
with 4,4-dimethyl-4-silacyclohexanone3 and phenylhy- Microanalysis were performed by Schwarzkopf Microanalytical 
drazine in refluxing glacial acetic acid (3 hr) led to an Laboratory, Woodside, N. Y.^
unstable, colorless product ( l a ) ,  which underwent air . N-Methyl-3,3-dLmethyl-3-silatetrahydrocarbazole (2 ).— To a 

oxidation to orange and then brown solids With 1- 12°  ml of ¿ ac°¡al ’c^ f a d d  ( u ñ d t 'n i l t “ “  a d °S
methyl-1-phenylhydrazme, the_ more stable lb  was all in one portion, 2 g of 1-methyl-l-phenylhydrazine (0.015 mol
obtained. Alkylation of l a  with methyl iodide and +  10%  excess). The mixture was refluxed exactly 5 min and
dimethylaminopropyl chloride gave lb  and l c ,  respec- allowed to cool to room temperature. The crystalline product
tively. Analyses of these products established the Ju m ed  with 20 ml of methanol and refrigerated for 3 hr.

p resen ce of o xy gen  (0.5 g -a to m ) an d  led to  assig n m en t crystals (3 g, 72.6% ), mp 7 5-76°. Recrystallization from metha-
of th e  disiloxane s tru ctu re s  la -c ; n m r s p e c tra  w ere con - nol gave white flakes, mp 77°.
sistent with the CH2CH2S i-0  moiety. A nal. Caled for Ci«HMNSi: C, 73.30; H, 8 .35; N, 6 .10;

Si, 12.25. Found: C, 73.42; H, 8 .41; N, 6 .06 ; Si, 12.18.
CH rH  Nmr (CDCla) 5 7.45 (m, 1 H, Ar), 7.15 (m, 3 H, Ar), 3.53 (s,

a — * " ' CH3 CH3 3 H ,  N -C H ,), 2.95 (t, 2 H, J  =  7 cps, CH2-C H 2-S i), 1.85 (s, 2
II | | II II J  H, CH2S i<), 0.95 (t, 2 H , /  = 7 cps, CH2CH2S i< ), 0.17 [s,

N ^ C H o— CH,— Si— 0 — Si— CH,CH2'x^ N ' ^ ^  6 H . Si(CH,)2] ; uv max (95%  EtO H ) 232 mM (« 22,200); ir 8 M
I | I I [Si(CH»)j].

R CH, CH, R 1,3-Bis[2-( 1,3-dimethylindol-2-yl)ethyl] -1, 1,3,3-tetramethyldi-
_  siloxane (lb ).— A solution of 5.68 g of 4 ,4-dimethyl-4-silacyció­

la, R -  H hexanone (0.04 mol) dissolved in 30 ml of glacial acetic acid was
b, R = CH;) protected by a stream of nitrogen and treated dropwise with 5.3
c, R =  (CH3)2N(CH2)3 g of 1-methyl-l-phenylhydrazine (0.02 mol +  10% ). The mix­

ture was refluxed for 3 hr and allowed to cool until crystallization 
The formation of 1 suggested that the desired di- Started (30 min). I t  was then diluted with 30 ml of acetic acid

methylsilatetrahydrocarbazole is formed early in the and allowed to stand for 24 hr. Filtering and washing with
,r  • i ,•  i . . . , a  ■ acetic acid gave crystals (6 g), mp 106-108°. An additional 1.6

reaction period and is cleaved during further refluxing. g (mp i06-107°) was obtained from the filtrate by dilution with 
When 4,4-dimethyl-4-silacyclohexanone was refluxed an equal volume of water, making a total yield of 80% . Re-
with 1-methyl-l-phenylhydrazine in glacial acetic crystallization once from methanol gave beige crystals, mp
acid for 5 min, a 72%  yield of 2 was obtained. B y  KM-liO • „  TT „

J A nal. Caled for C28H<0N2OSi2: C, 70.53; H, 8 .45; N, 5.87; 
Si, 11.78; mol wt, 476. Found: C, 70.26; H, 8 .19 ; N , 6.06; 

/CHS p6H5 Si, 11.71; mol wt, 454 (mass spectra showed M + at 476).
,SL  | _ Nmr (CDCh) 5 7.3 (m, 4 H, Ar), 3.65 (s, 3 H, NCH), 2.8

| |  +  NCH3 r 1 --------- f  | \ o , ,  ^  (I, 2 H, J  =  8  cps, -C H 2CH2S i= ), 2.28 (s, 3 H, -C -C H ,),
k J  | HAc CH, 0.82 (t, 2 H , J  =  8 cps, CH2CH2S i= ) ,  0 .2  [s, 6 H , Si(CH3)2];

I NH I uv max (95%  EtO H ) 230 m/1 (e 65,500); ir (CCh) 8 n [Si(CH3)2] ,
O 2 I 9.5 (Si-O-Si).

1 ,1 ,3 ,3-Tetramethyl-l ,3-bis [2-(3-methylindol-2-yl)ethyl] di- 
2 siloxane ( la ).—In a 200-ml flask equipped with a dropping funnel,

_  nitrogen intake, and reflux condenser was placed 5.68 g of 4,4-
____ /C H 2 ^  dimethyl-4-silacyclohexanone (0.04 mol) and 30 ml of glacial

I] jf I 3 . acetic acid. After the mixture started to reflux, 4 .8  g of phenyl-
p h  c-__ ha hydrazine (0.04 mol +  10% ) was introduced dropwise. The

j 2 2 i c mixture was boiled for 3 hr, allowed to cool to 60°, and 5 ml of
¿H  pit water was added slowly, followed by 50 ml of 70%  acetic acid.

3 ^ J  Refrigeration and filtration yielded a product which was re-
2 crystallized from 150 ml of methanol, weighed 4 .6 g (51.3% ), and

a  CH3 ■ melted at 117-119°. One additional recrystallization from
_—j] CH3 . -Ac20 methanol gave a product with mp 119-120°.

. . J L  I lb A nal. Caled for C26H36N2OSi2: C, 69.59; H, 8 .09 ; N, 6.24;
W CH2CH,Si— OAc Si, 12.52. Found: C, 69.65; H, 8 .23; N, 6 .09; Si, 12.77.
I I Nmr (CDC1) o 7.1 (m, 5 H, Ar, N H ), 2.6 (t, 2 H , J  =  8  cps,

CH3 CH2CH2Si), 2.05 (s, 3 H, = C C H 3), 0.75 (t, 2 H, J  =  cps,
------------------- CH2CH2Si), 0.1 [s, 6 H, Si(CH3)2] ; uv max (95%  EtO H ) 228 mm

. (1) (a) L. M. Rice, E. Hertz, and M. E. Freed, J .  M e d . C hem .. 7, 313 (£ 66,500); ir (CCh) 8 M [Si(CH3)2], 9.5 (Si-O-Si).
(1964); (b) M. E. Freed, E. Hertz, and L, M. Rice, ib id ., 7, 628 (1964). -------------------

(2) C. U. Rogers and B. B. Corson, J .  A m er. Chem . Soc. 69, 2910 (1947). (4) C. Eaborn, “Organosilieon Compounds,” Academic Press Inc., New
(3) R. A. Benkeser and E. W. Bennett, ib id ., 80, 5414 (1958). York, N. Y., 1960, p 143.
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l,3-Bis[2-(l-[3-dimethylaminopropyl]-3-methylindol-2-yl)- . - '^ v '^ i x
ethyl]-1 ,1 ,3 ,3-tetramethyldisiloxane ( lc ) .— A freshly prepared q q K ^ J K j J
solution of 15.07 g of IVa (0.07 mol) in 100 ml of dimethylform- \ ^
amide was stirred under nitrogen and treated with 3.7 g of sodium I I I 1 I I
hydride in mineral oil (51.5% ). Stirring was continued for 1 hr. r ^ V t ^ V l  CHjCOjNH, 0  „ 0
7 -Dimethylaminopropyl chloride (8.9 g) was added dropwise, ^5 ^ ¡j \____ /
and the suspension was heated at 60° and stirred for 24 hr. | i  j = 1
The reaction mixture was poured into 2 1. of water and extracted I I  X i .
with ether. The ethereal solution was extracted with 5% hydro- [ ( m i l  I T ) K ) 1
chloric acid and the acid extract was made basic, extracted again \ ^ X ^ /  x ^ \ ^
with ether, and dried over sodium sulfate. The ether was I 2 3
removed and the residue was distilled giving 13.2 g of the product,
bp 240-250° (0.04 mm). monoketone. F or reasons described below, the product

A nal. Calcd for C36H6/)N 4Si2: C, 69.85; ,9.■ ; > • « does not appear to be the 2H-isoimidazole 2 which
Si, 9.07; mol wt, 619. Found: 0 ,6 9 .9 6 ;  1 1 ,9 .4 0 , JN, 9.32, r r  .
Si 9.35; mol wt, 582. would normally be the product or reaction 2 but is 3, a

The dihydrochloride was prepared with alcoholic hydrogen rearrangement product of 2. 
chloride in acetonitrile; ether was added until the solution ^
clouded. Drying in  vacuo a t 110° gave a product that melted at CHC0NK
170-171°. RCOCOR +  R'CHO - l| V -  R' (1)

A n al. Calcd for C36HMOCl2N4Si2: C, 62.48; H , 8 .74; Cl,
10.25; N, 8 .10; Si, 8.12. Found: C, 62.24; H, 8 .95; Cl, I
9 .91 ; N , 8 .18; Si, 7 .82. H

The dimethiodide, prepared in refluxing ethanol (MeOH-
E tA c), had mp 145-147°. CHsC02NH, V NV

A nal. Calcd for C38H64ON4I2Si2: C, 50.55; H , 7 .11; I , RCOCOR +  R'COR' - X  (2)
28.11. Found: C, 50.43; H, 7 .11; I , 27.97. R/^ = N  R'

Conversion of 2 to lb.— N-Methyl-3,3-dimethyl-3-silatetra-

5 S 2  2 d ' ° ^ i  t «  «  The infrared spectrum of 3 is identical with the epee-
room temperature and starting to crystallize, the mixture was tram  of a compound which was isolated from the reac-
diluted with 2 ml of methanol and refrigerated. Later it was tion of 1 with ammonia previously3-7 and had been
filtered, washed with 5 ml of methanol containing 1  ml of water, assigned structure 2 . 6’7 Structure 2 , however, seems 
and dried giving 0.34 g (65% ) of lb, mp 108°. One «crystal- lesg than 3  for several reasons. First, the ability
lization from methanol gave material having mp 109-110 .  ̂ , ____ „ „ j. ,, ,™
A mixture melting point with a sample described above showed ° (  reaction product to withstand temperatures as
no depression, and the two materials had identical spectra. high as 400° without decomposition or rearrangement

When the same experiment was performed employing glacial is not characteristic of isoimidazoles, 8 but is typical of 
acetic acid or glacial acetic acid containing only 1 % water, the imidazoles.9 Second, the infrared spectrum of the

which has been found to be characteristic of aryl- 
Registry N o.— la , 24571-87-7; lb , 24571-88-8; lc , imidazoles10 and is also present in fused-ring imidazoles 

24571-89-9; lc-2H C l, 24571-90-2; lc-2M eI, 24571- such as benzimidazole. 11 The characteristic absorption
51-5' 2 24571-52-6. of simple 2H-isoimidazoles at 1550 cm - 1 10 is not present

in the product. These spectral data are consistent
------------------------  with the structure containing the imidazole ring. Third,

the deep red color of the product (\max in ethanol m/i 
R e a ctio n s o f A cen ap h th en eq u in o n e an d  480) requires extensive conjugation which is present in

A m m o n iu m  A ce ta te  in  th e  structure 3 but not in 2 where the conjugation is
„  interrupted by the sp3 center in the 2  position of the
P resen ce o f A ryl A ldehydes isoimidazole ring. Objection to structure 2  on the

basis of the color has been made by Schonberg and 
Dwain M. White Singer. 5

„  , , r, 7 , ,, , The composition of 3 is consistent with the elemental
G en era l E le c t r ic  R e s e a r c h  a n d  D ev elop m en t C en ter , .  . , . ,  , . . . . .  , , , ,

S ch en ec ta d y , N ew  Y o r k  12301  analysis and the high resolution mass spectrum (the
most abundant peak is the parent ion at m /e  344.0943;

R ece iv ed  J a n u a r y  1 3 ,1 9 7 0  calcd for C24H 12ON2, 344.0950). In addition to the
(3) C. Graebe and E. Gfeller, Ju stu s Liebigs A nn. Chem., 276, 1 (1893).

1,2 diketones and ammonium acetate in acetic acid (4) f - Schonberg and f . Nedzati, B er ., m , 238 (1921)
react with arylaldehydes to form 2,4,5-triSUbstltuted (6) o. Tsuge and M. Tashiro, Bull. Chem. Soc. Ja p ..  36, 970 (1963).
imidazoles1 (reaction 1) and with ketones to form (7) o. Tsuge and m . Tashiro, m d . ,  3 9 , 2477  (m a).
2,2,4,5-tetraSubstituted 2H-isoimidaZoleS2 (reaction 2). (8) 2-Benzyl-2,4,fl-triphenyl-2H-isoimidazole rearranges to N-benzyl-

However, with acenaphthenequinone, 1, and salicylal- csHs N qh0 eft n
dehyde, under the conditions of reaction 1, the major X  ~ '* T  c*Hs
product is a red solid to which the imidazole structure 3 ctH; " N CH«C H;- c6h s ^
has been assigned. Product 3 is not derived from the c h x ,h 5

aldehyde (i.e., by reaction 1), but instead is the result lophine at 25QO in the melt and at 118. in aceti0 acid., Furthermore.
of a reaction in which 1 acts both as a dlketone and as a 2-benzoyl-2,4,5-triphenyl-2H-isoimidazole appears to rearrange to N-

benzoyllophine during an intermediate step in the formation of lophine from
(1) (a) D. Davidson, M. Weiss, and M. Jelling, J .  Org. Chem., 2, 319 benzil and ammonium acetate in acetic acid at ca. 118°.2

(1937); (b) fora review see K. Hofmann, “Imidazole and Its Derivatives,” (9) See ref lb, pp 45-46.
Interscience Publishers, Inc., New York, N. Y., 1953, p 33. (10) D. M. White and J. Sonnenberg, J .  Org. Chem., 29, 1926 (1964).

(2) M. Weiss, J .  Amer. Chem. Soc., 74, 5193 (1952). (11) K. J. Morgan, J .  Chem. Soc., 2343 (1961).
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p aren t ion prom inent peaks were noted for ions with An intram olecular displacem ent reaction  in the inter­
compositions of C 23H 11N 2, C 22H 12N , and C 22H 10N . T he m ediate would produce two molecules of naphthalim ide
peaks correspond to loss of CO and H , CO and C N , and while hydrolysis would produce the other degradation
CO and H C N , respectively, and are consistent with products also.
stru ctu re 3. T h e m ass spectrum  of an impure sam ple T he com petition between 1  and the aldehyde to  
of 3 also contains peaks a t  328 .0985  and a t  164 which function as the m onocarbonyl com ponent of the reac-
are probably the p aren t ion and a doubly charged ion of tion is indicated by the yield of 3  in the absence of
small am ounts of an im purity, acenaphthazine, 4 . 12 aldehyde and when several aldehydes with various

substituents were present. W ith  salicylaldehyde, a 
r '^ 'l  relatively u nreactive aldehyde 3 w as formed in 7 0 %

yield which is only slightly lower than when the alde- 
J  [ Q l  hyde was absent (8 7 % ). W ith  benzaldehyde, the

/ sv ^  yield was 3 3 %  and with the reactive aldehyde p-nitro-
/C^\ m /-^z\ \ ____/  benzaldehyde only a  trace  of 3 was detected. The

( C j ) — f  — ( O /  1  1 o ther products which were formed when the aldehydes
O  /P ~ \\ were Presen  ̂were brown solids which were n ot isolated

( ( ) )  ( ( j )  K J K  in pure form  with the exception of the product from
4  g p-nitrobenzaldehyde. In  this case, 2-(p-nitrophenyl)-

acenaphthim idazole (8 ) was isolated.

An isomer of 3, stru ctu re 5, is also consistent with the n

mass spectrum  but seems unlikely since its form ation y - V  I V  /P S \
would involve aryl m igration instead of aroyl m igration /  v~W  2

during rearrangem ent of the interm ediate isoimidaz- |
ole . 13 F u rth e r support for stru ctu re  3 was obtained H
by oxidative hydrolysis with sodium dichrom ate. 8

N aphthalim ide (6) was isolated in 6 5 %  yield along with T). ,, , , ,
a  sm aller am ount of naphthalic anhydride, !  (2 4 % ), and „ P to m n th raq u m o n e (9) does n ot undergo a  reaction
a  trace  of m aterial which appears to be the monoamide “ a' ogous *°  th.e , ,o rm atl0“  of 3 . ™ e n  Seated w .th

f 1. 4 1 . v -j  m . i  ■ • c ,, , , am m onium  aceta te  m  acetic acid, the dumme 1 0  wasoi naphthalic acid, i h e  form ation of these products „ ,, , . . .
, 4 - r  , c i 4. produced. When aryl aldehyde w as present, the

can  be rationalized from  stru ctu re  3 by the oxidation J ^ ’
of the double bond com m on to  the imidazole and ace- fTNl
naphthene rings and b y  hydrolysis of the imino group . 14  JO  I v v l  .NH

T  ch.,co.,nh, ' trol H I I  -4ch3̂ h
3 i£ L  f  O ^ 0 O I  NH

H-'° Ov Nv O O  O
1 X  9 10

O ___ 1  2 f f p i ) !  2 -arylphenanthrim idazoles were form ed in high yield
\— / C } )  even with compounds such as salicylaldehyde . 15

0  NH2 cO  6
^fST //— ( C l )  r\ r. n  Experimental Section16

i r o  rf V r;/
u xH.o j 7H-Acenaphth[ 1 ' ,2 ':4,5]imidazo[ 1,2-6]benz[d,e]isoquinolinone,

3 .— Aeenaphthenequinone (1, 1.9 g, 0.05 mol), 40 g of ammonium 
_ 6 +  I f )  I (  )  I acetate, and 100 ml of acetic acid were heated at reflux for 2.5

hr. The mixture was cooled to 25° and a dark solid was removed 
7 by filtration. The solid was washed with acetic acid and then
. with ethanol and dried at 120° and 10 mm for 20 hr. The deep

red-violet product weighed 7.5 g, 87%  yield, mp 360-365°. 
Sublimation at 290° and 0.01 mm produced two zones of subli- 

CO H mate, a trace of a more volatile yellow solid 5, and deep red crys-
j tals of 3, mp 383-390°. The infrared spectrum showed char-

y k / k  acteristic bands at 3040 w (CH stretch), 1695 s (carbonyl), 1535
f(%)T(^Nj m, 1500 w (imidazole), 1470 ms, 1335 ms, 1280 s, 910 m, 818

ms, 764 s cm -1 (3 adjacent aryl H 's). The mass spectrum showed 
____________  peaks at m /e  344.0943 (relative abundance 100), 315.0930 (7),

(12) Acenaphthazine has been ¡denied as a side procuct from 1 and 290.0969 (4), 289 (2), 288.0800 (4) 172 (12), 166 (2), 1M (2),
ammonia.7 138 (8). Impure samples of 3 also displayed peaks at 328.0985

(13) The greater tendency for aroyl migration rather than aryl migration and 164. Compound 3 was readily soluble in trifluoroacetic
is indicated by the lower stability of 2-benzoyl-2,4,5-triphenyl-2H-iso- acid and hot dipolar aprotic solvents such as hexamthyltri-
imidazole (where the benzoyl group appears to migrate preferentially)2»8 phosphoramide, but was only slightly Soluble in less polar solvents
compared with 2,2,4,5-tetraphenyl-2H-isoimidazole which melts without de- Such as chloroform and ethanol.
composition near 200° and survives synthesis conditions in acetic acid at A nal. Calcd for C24H12ON2*. C 83.7" H 3 .51; N, 8 .1 .
refl,u*:* • tl  . .  . , . ,  Found:’ C, 83.7: H, 3 .7 ; N, 8 .0.(14) Chromium ox.de ox.dat.on of loph.ne produces analogous products. ^  procedure aboye wag fo]lowed except ^  saUcylaldehyde

ru . , (5.3 g, 0.05 m) was also added at the start of the reaction.
X ^ V - ph  [0] p HpnMH i pHpnvHpnpH Compound 3 was isolated as red crystals, mp 388-390° (after

J  0 ' h.o 1 ' 2 ‘ " 1  ̂ 0 “ sublimation an t recrystallization from chloroform-ethanol),

jj (15) E. A. Steck and A. R. Day, J .  Amer. Chem. Soc., 65, 452 (1943).
(16) Infrared spectra were obtained with potassium bromide pellets. 

E. Fischer and H. Truschke, Ber., 13, 1706 (1880). Melting points are uncorrected.
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yield 6.0 g (70% ). Similarly, withbenzaldehyde (5.3 g, 0.05 mol) either sodamide or potassium amide as the base and a
instead of salicylaldehyde: 3 was formed: mp 365-370°; after reaction time of 3 hr to prepare the corresponding
subUmatwmimpi)388-3^)°,^yidd^2^8^(33^o)  ̂—Aoenaphthene- ^N -d im eth yl aromatic amines in high yields (9 0 -
quinone (1 , 9.1 g, 0.05 mol), p-mtrobenzaldehyde (7.56 g, 0.05 93% ). In addition, high yields of aromatic amines can
mol), 40 g of ammonium acetate, and 100 ml of acetic acid were be obtained using chloro aromatic compounds and po-
heated at reflux 2 hr. The mixture was cooled to 25° and filtered tassium amide in dimethylamine. Recently, we have
toremove a solid which was washed with acetic add dried at observed that the reaction of chlorobenzene and o-
120 and 10 mm, and weighed 11.4 g. Extraction of the sohd , , , , , , ,  v  , .
with 1000 ml of boiling ethanol dissolved 6.0 g. A second ethanol or p-chlorotoluene produces the corresponding aromatic
extraction dissolved in additional 2.5 g. The residue, 2.9 g, amine in low yields (5 -7% ) if sodamide is used as the
contained < 1  g of 3 by thin layer chromatography, infrared base. However, if these reactions are carried out in
analysis, and sublimation. The combined ethanol extracts were the presence of the sodium salts of certain nitriles (0.5
cooled to 5 and crystals formed. Filtration, washing with . . r j  - j  \ i,-  n • u  tan
ethanol, and drying afforded 8 , 6.2  g, mp 300-305° (between 215 ^  Per e0U1V of Sodamide), high yields (67-78% )
and 295° phase changes occur which have the appearance of of the appropriate aromatic amines are obtained, in
partial melting and then resolidification). Recrystallization addition, a small amount (8 -17% ) of the corresponding
from ethanol and sublimation at 240° and 0.01 mm produced 
pure yellow-orange crystals of 8 , mp 310-312°. The infrared
spectrum showed.bands at 3000-2600 m (broad N H ) 1587 ms, ArC1 +  NaNH2 +  NaCHRCN — t
1500 s (mtro, imidazole), 1470 s, 1330 s (mtro), 1310 s, 850 m .
(2 adjacent Ar H ’s), 812 m, 760 (acenaphthene H ’s) cm "1. ArJN(OH3)2 +  ArOHKOJN

A nal. Calcd for Ci9HuN30 2: C, 72.8; H, 3 .54; N , 13.4.
Found: C, 72.9; H , 3 .45; N, 13.3. arylated nitriles is produced. Table I summarizes the

A second crop of impure 8 , 1.0 g, was isolated from concentra- afo rem en tion ed  resu lts.

Oxidation of 3 .—The procedure was similar to the one of Tsuge “  addition the yields of N,N-dimethylaniline ob-
and Tashiro.6 To a suspension of 3 (0.50 g, 1.45 mmol) in 15 tained from the action of sodamide on chlorobenzene
ml of acetic acid was added 1.5 g of sodium dichromate. The are increased from 5 (no salt present) to 2 8 ,5 6 , and 56%
mixture was heated at reflux (116°) for 1 hr. The dark red b  th e  addition of 0 .8  equiv/equiv of sodamide of the
solution was poured into 50 ml of water, and the precipitate was . . , ,  ,. .1 ., , .  . . .  , ,
filtered off and washed with water. The solid was triturated with ^organic salts, sodium nitrite, sodium thiocyanate, and
70 ml of 10% sodium carbonate solution f o r i  hr. The solid that potassium thiocyanate, respectively. Similarly, the
remained was collected on a filter, washed with water, and dried; yields of N,N-dimethyl-0- and -m-toluidines obtained
wt 0.43 g; analysis indicated a mixture of 70%  naphthalimide fro m  tbe a c t jon 0 f sodamide on o-chlorotoluene are

:lo 3S  s & s K i ,  7 ^ * 5  “ sed ” r  5.(10 50’, 80' and80% % the 1
294-302°. Anaysis indicated these to be 85%  naphthalimide 9.8 equiv of sodium nitrite, sodium thiocyanate, and
and 15%  naphthalic anhydride. Ether extraction of the filtrate potassium thiocyanate, respectively. The isomer ratios
removed 0.07 g of a material which had an infrared and mass 0f the N,N-dimethyltoluidines are in all cases 5 3 :4 7 ,
spectrum consistent wiih approximately one-third naphthalimide o r t h o :m e t a  respectively. In contrast, no increase in
ana two-tnirds oi the monoamide ol naphthalic acid. Analyses . , , . i , , , . . . .  „ i, -rr™
of the three fractions were carried out by infrared and nmr. yields is observed by the addition of the salts KC1, K B r, 
The spectra were compared with spectra of mixtures of naphthal- NaCl, N aBr, NazSCh, NaNCh, KNO 3, or K I.
imide and naphthalic anhydride of known composition. In The specific action of only certain salts in increasing 
addition, each fraction was sublimed to separate the more volatile the conversion of chloro aromatics argues against a 
anhydride from the imide. No melting point depressions were 1 . T j j -.- •>.
noted when each zone of the sublimate was mixed with the ap- § en eral Salt efff  *• Ild addition, it appears th at the
propriate known compound. Mass spectra of the fractions were anion portion of the salt IS responsible for the catalytic
identical with mass spectra of the known compounds. The behavior. Interestingly, only those salts which are
overall yields of the two major components were naphthalimide, linear and in which the negative charge is resonance
0.35 g (65% ), and naphthalic anhydride, 0.13 g (24% ). stabilized appear to be effective catalysts. See, for

Registry N o.—Acenaphthenequinone, 82-86-0; am- example
monium acetate, 631-61-8; 3 , 24744-77-2; 8 , 17988-08-
8 . -C H 2— C = N * e - >  CH2= C = N -

-S — C = N  >  S = C = N "

A Novel C a ta ly tic  S a lt E ffect in
B a s e -In itia te d  A ryne R e a ctio n s * e  rate-determining step of the aryne reaction«

is the abstraction of a hydrogen atom by a strong base, 
C on d u cted  in  D im eth y lam in e  S o lv en t13 it appears that the salts are increasing the base strengths

of sodamide in liquid dimethylamine. This action
E . R. B iehl, K. C. H su,lb and E dward Nieh11j could either be the result of the salts (1) increasing the

^ „ , concentration of sodamide in dimethylamine, or (2 )
University, D a l l J ’Texas 75222 effecting a change m the aggregate populations which

most likely exist m dimethylamine. Unfortunately, 
Received A pril 1 1 ,1 9 6 9  little is known concerning (1) the solubility of sodamide

in dimethylamine, (2 ) the effect of salts on the solubility
We have routinely carried out aryne reactions in of s°damide in dimethylamine, and, most importantly,

dimethylamine2 using bromo aromatic compounds with ^  form in which sodamide exists in dimethylamine.
W e currently are investigating the mechanistic aspects

(1) (a) Supported in part by E. A. Welch Grant N-118, Houston, Texas! of th ese  UnUSUal C ataly tic  effects.
(b) Robert A. Welch Predoctoral Fellows.

(2) Reactions of this general type were first developed for synthetic
purposes by J. F. Bunnett and T. K. Brotherton, J .  Org. Chem ., 22, 832 (3) J. D. Roberts, D. A. Semenow, H. E, Semenow, and L. A. Carlsmith,
(1957). J .  A m er. Chem . Soc., 78, 601 (1956).
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T a b l e  I

R e a c t io n  o f  H a l o  A r o m a t ic  C o m p o u n d s  w i t h  A l k a l i  A m i d e s  in  D im e t h y l a m in e

Halo aromatic, Salt, ,-------- N.N-Dimethylarylamines-------- . ,----------------Arylated salt__________ ,
------------GCeHiX----------- , NaCHP.CN .----- Isomer ratio“----- . ,----- Isomer ratio“__—,

O X  Base R. Yield, %  o :m  m :p  Yield, %  o :m  m :p

H Br NaNH2 91
H Br KN H 2 93
H Cl K N H 2 87
H Cl NaNH2 5
H Cl NaNH2 H 78 11
H Cl NaNH2 C6H5 68 8
o-CHs Cl K N H 2 90 53 :47
o-CH3 Cl NaNH2 5 53 :47
0-CH3 Cl NaNH2 H 62 53 :47  17 50 :50
0-CH3 Cl NaNH2 C6H5 67 53 :47  14 50 :50
p-CHs Cl KN H 2 90 50 :50
p-CIIs Cl NaNH2 H 64 50 :50  18 50 :50

“ Isomer ratios were determined by vpc analysis.

Experimental Section4 Leake,7 whereas o-methylphenylacetonitrile, bp 244° (atm)
, ,. , , ,. , , , [lit.8 bp 244° (atm )], m-methylphenylacetonitrile, bp 116° (8.5

Chemicals - A l l  starting halo aromatic compounds and potas- mm) [lit.8 bp 133o (15 mm)] and p-methylphenykcetonitrile,
smm were obtained from J .  T  Baker Chemical Co. and were bp 122o (13 mm; [Ut ,  b 122 (13 mm)] were '  d b ^
of the highest purity grade available. Sodamide was obtained method of Titley 8 
from Fisher Chemical Co. and was used as received. Anhydrous 
dimethylamine was obtained from Matheson Co. and was dis­
tilled directly into the reaction flask through an anhydrous Registry N o .— Bromobenzene 108-86-1' chloro-
potassium hydroxide filled drying tube All inorganic salts were benz 108-90-7 O. chlorotolueiie, 95-49-8; ’ p-chloro- 
thoroughly dried under vacuum at 110 for 24 hr and then stored ;
in a dry box until use. All weighing procedures of the salts were tolu en e, 1 0 o -4 o -4 ; JNaN 0 .2, 2 4 7 8 1 -9 8 -4 ; K N H 2, 2 4 7 8 1 -
also carried out in the drybox. 9 9 -5 ;  a ce to n itrile  (sod ium  s a lt) , 1 4 9 0 4 -3 7 -1 ; p h en yl-

General Procedure for the Aryne Reaction— In a typical a ce to n itrile  (sodium  s a lt) , 1 4 9 0 4 -3 8 -2 . 
experiment, the organic salt was prepared by adding 0.2  mol 
of the approximate nitrile to a stirred suspension of 0.4 mol of
sodamide or potassium amide (prepared by the action of 0.4 g- (7) w. W. Leake, Ph.D. Thesis, University of Pittsburgh, 1958, p 130.
atom of potassium in 200 ml of ammonia in the presence of 0.01 (*) A- F- Titley, J . Chem. Soc., 515 (1926).
g of ferric nitrate, followed by removal of ammonia) in 500 ml of W Pupe and T. \. Wiederkehr, Helv. C him . A cta, 7, 654 (1924).
anhydrous dimethylamine. The inorganic salt (0.05 mol) was
added directly to a stirred suspension of the base in 500 ml of ----------------------------
anhydrous dimethylamine. After 30 min, the appropriate halo
aromatic compound was added over a period of 5 min and the Quinazolines and 1,4-Benzodiazepines. X L V . la
resulting mixture was allowed to stand for an additional o hr. r
At this time, the mixture was quenched by the addition of 0.45 1 ,4 -B e n z o d ia z e p in e s  f ro m
mol of ammonium chloride and the solvent was removed by 4, T • 1
heating with a steam bath. The residue was washed out of the “ so<I u m o lo n e s
flask first with 150 ml of water and then with 100 ml of ether.
The combined mixture was filtered, acidified with 50 ml of 6 IV R. I a n  F r y e r , J. V. E a r l e y , E . E v a n s , J . S c h n e i d e r ,
hydrochloric acid and was extracted with several portions of a n d  L. H. S t e r n b a c h

ether to remove the arylated acetonitrile and starting halo-
aromatic compound. The acidic aqueous layer was made basic Chemical Research Department, H offm ann-La Roche Inc.,
by the addition of sodium hydroxide (pH 14) and then was Nutley, New Jersey  07110
extracted with several portions of ether in order to remove the
arylated amines. The combined acidic and basic ether extracts .
were dried (sodium sulfate), concentrated, and distilled in order Received Jan u ary  m , 1970
to determine the percentage yields of each product.

Authentic Compounds.— N,N-Dimethylaniline was purchased I n  con n ection  w ith  ou r in te re st in  exam in in g  new
from Aldrich Chemical Co. N,N-Dimethyl-o-toluidine, bp 9 8 -  possibilities fo r th e  syn th esis  of 1 ,4-b en zod iazepin e
99° (17 mm) [lit.8 bp 98 .5-99° (17 mm)], and N.JS-dimethyl-m- np rivativ es ib w e b a v e  exam in ed  th e  rine- exnansinu nf
toluidine, bp 207-208° (atm) [lit.8 bp 206-207° (atm )], were d e riv a tiv e s, w e n a v e  exam in ed  th e  rin g exp an sion  ol
prepared by the method of Hunig.8 Phenylacetonitrile was som e su b stitu te d  2 ,3 -d lh y d ro -4 (lH )-lS o q u m o lo n es.
purchased from Eastman Kodak Co. Diphenylacetonitrile, mp In  ou r in itial exp erim en ts (S ch em e I )  w e p rep ared
73-74° (lit.6 mp 73.5-74.5), was prepared by the method of th e  o xim e 2 from  th e  k now n isoquinolone l 2 a n d  ex -

(4) All melting points are uncorrected. The quantitative determinations amined the products obtained b y  treatin g  this with poly-
were performed on a MicroTek Instrument Model GC 1600 using helium phosphoric acid. In  addition to  the expected B eck-
as the carrier gas at a flow rate of 45 ml/mm and inlet and detector tempera- m ann rearrangem ent product, the benzodiazepinone 4,
tures at 300°. A 5 ft X ' / » in. l.d. column packed with 3% SE-30 (silicone . °  , T . . . . .  i  . , ’
rubber) on Chromosorb W, acid washed, mesh 80-100, was used to analyze W6 alSO Obt8>lIlSCi tile lSOQUinOllIUUIXl Salt 3 . In. fa c t , 3
the nitriles whereas the amines were analyzed using a 10 ft X V« in. i.d. w as Ibe m ajor product found in the reaction  m ixture

* * » * !  « •  r * ot * Schroeter tip e otintegrator, an integral part of the Sargent recorder Model SR. The chro- d eh y d ra tio n  re a c tio n . 3 A  possible m ech an ism  for th e  
matographic bands were identified by comparing their retention times with 
those of authentic samples. Percentages of each compound were calculated
from the areas of the bands. These areas were assumed to be equal to the (1) (a) Paper XLIV: R. I. Fryer, J. V. Earley, and L. H. Sternbach,
peak height times the width at one-half peak height. Molar response ratios J .  Org. Chem ., 34, 649 (1969). (b) See G. A. Archer and L. H. Sternbach,
were determined and the observed areas were corrected as necessary. Chem . Rev., 68, 747 (1968), and references cited therein,

(6) S. Htlnig, Chem . B er ., 85, 1056 (1952). (2) G. Grethe, H. Lee, M. Uskokovic, and A. Brossi, J .  Org. C hem ., 33,
(6) F. W. Bergstrom and R. Agostinho, J .  A m er. Chem'. S oc ., 67, 2152 491 (1968).

(!945). (3) G. Schroeter, B er ., 63, 1308 (1930).
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Scheme I lone.8 W e found that the yield in this reaction could be
0  NOH increased from the 37%  reported, to approximately
Il __ II 90%  by using chloranil as the oxidant.

i ^ sY ^ '|  NH2°H> r Y  | The best yields of l,4-benzodiazepin-2-ones were
— CH3 obtained by using Schmidt rearrangement conditions.

CHsO J  3 I Thus the ketones 9a, 9b, and 15 (prepared by catalytic
CeHf. s '  C6H5 debenzylation of 9a) gave excellent yields of the corre-

|______________1.PPA __________ 2  spondingbenzodiazepines 11a, l ib , and 14, respectively.
J 2. oh' 1 The structures were ascertained for 1 1 a and 14 by a

NH 3-HCI direct comparison with authentic samples. The known
I H J O  146 was treated with benzyl chloride to afford the

^ Y ^ S a _  \ 4-benzyl derivative 11a. The structure of 11b was
M l . — CH3 J L  J  ascertained by a comparison of its spectral properties

CH30  j CH30  I 3 with other tetrahydrobenzodiazepin-2-ones.6

C6H5 C6H5 The structures of the Schroeter rearranged products
3  4 3, 12a, and 12b, was shown for 12b, which on catalytic

* hydrogenation gave compound 13. This compound
I CHd was also obtained by hydrogenation of the oxime 1 0 b.

J O  J O  When palladium was used as the catalyst, this reduc-
\  H \  tion could be stopped after debenzylation when the

L I  /  ' intermediate reduction product 16 was isolated. This
CH30 ' ^ v / | n CH30  j NH could also be prepared directly from the ketone 15 by

C6H5 C6H5 oximation with hydroxylamine. As with the other
5  6  oxim.es, dehydration was preferred over rearrangement,

and with polyphosphoric acid the 4-aminoisoquinoline 
1 8  was formed.

dehydration of 2  which involves the tautomeric hy- As expected the ketone 15 was unstable as the free
droxylamine is shown below. base, and on exposure to air was slowly oxidized to the

4-hydroxyisoquinoline, compound 17. This conversion 
was more rapidly effected by refluxing in solution with 
chloranil.

__^ I An additional example of a Beckmann rearrangement
2  > under reducing conditions9 was observed when the

JL II Q __q j  oxime 10b was treated with LiAlII, in refluxing tetra-
CH3O c  3 hydrofuran. The major product isolated was the

6 5 tetrahydro-1,4-benzodiazepine, compound 19. The
|- -, structure of this compound was confirmed by an alter-

H nate preparation from l ib  by LiAlH 4 reduction.

Ìj) v ® Experimental Section10

3 l,2,3,4-Tetrahydro-7-methoxy-2-methyl-l-phenyl-4-isoquino-
C6H5 H lone Oxime (2 ).— A mixture of 1.0 g of l,2,3,4-tetrahydro-7-

L  methoxy-2-methyl-l-phenyl-4-isoqumolone, 2 1.0 g of hydroxyl­
amine hydrochloride, 2.0  g of hydrated sodium acetate, 10 ml of 

T h e  s tru c tu re  of 4  w as confirm ed b y  red u cin g  th e  water, and 20 ml of ethanol was heated under reflux for 0.5 hr.
k now n 2 ,3 -d ih yd ro b en zod iazep in on e , 4 5 , to  th e  co rre - The was coo.led and, iHtered- The precipitate was re-
sp en d in g  te tra h y d ro  d e riv a tiv e  6  an d  th e n  se le ctiv ely  J 6 % )  of the pure oxime> mp 211. 214o S
a lk y la tin g  th is  p ro d u ct6 to  give an  a u th e n tic  sam p le A n al. Calcd for CnH 18N20 2: C, 72.32; H , 6 .43 ; N, 9 .92 . 
of 4 . Found: C, 72.59; H, 6 .58; N, 9.38.

Treatm ent of either of the quaternary salts 7 or 8  4-Ammo-7-methoxy-2-methyl-l-phenylisoquinolinium Chloride
with phenyllithium6 or with phenylmagnesium bromide i3) J i g1°n 2 and 1 j  gtBf PolyPhosPhoricacid ^ as i i , ,r  . , n -, TTx ^  . heated to 125-130 for 10 mm and then poured into ice. The
led to th e  new  isoqiimolone 9a' (Scheme II ) . Oxima- mixture was made basic with ammonium hydroxide and extracted
tion of 9a and the known 9b 2 led to the oximes 10a and with dichloromethane.11 The aqueous solution was next acidified
1 0 b, respectively. Polyphosphoric acid treatm ent of with concentrated hydrochloric acid and the resulting precipitate
these oximes under the conditions used for compound 2 was obtained by filtration. The salt was recrystallized from a
again afforded as the major products, the dehydration ----------------
compounds 1 2 a and 1 2 b The quaternary compound 7 (8) G. Grethe, H. L Lee, M. Uskokovic, and A Brossi, ,7. 0rff. Chem  ̂33
was prepared by Grethe and coworkers by mercuric 494 (1968).
acetate oxidation of the corresponding dihydroquino- AeetoPhenone oximes have been rearranged and reduced under similar

conditions. See E. Larson, Svensk. K em . T id skr., 61, 242 (1949), and Chem . 
A bstr., 44, 1898 (1950); and R. E. Lyle and H. J. Troscianiec, J .  Org. C hem .,

(4) L. H. Sternbach, R. I. Fryer, W. Metlesics, E. Reeder, G. Sach, G. 20, 1757 (1955).
Saucy, and A. Stempel, J .  Org. Chem ., 27, 3788 (1962). (10) All melting points were determined microscopically on a hot stage

(5) R. I. Fryer, B. Brust, J. Earley, and L. H. Sternbach, J .  M ed. Chem ., and are corrected. The uv spectra were determined in 2-propanol on a
7 , 386 (1964). Cary Model 14 spectrophotometer, nmr spectra with a Varian A-60 instru-

(6) See W. J. Gensler, Heterocyclic Compounds,” Voi. 4, R. C. Elder- ment, and ir spectra on a Beckman IR-9 spectrophotometer. All spectra
field, Ed., John Wiley & Sons, Inc., New York, N. Y., 1960, p 475. were compared in order to confirm or exclude the expected changes.

(7) First prepared in these laboratories by Dr. G. Grethe. (11) The dichloromethane layers contain all of the benzodiazepinone 4.
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S c h e m e  I I

J H 9 N °H NH2f v S  c r  _ H’Li> nh°°h ppa ^  1
CjJ Q O n - C tH; f0,9a r X X ^ N - C ;H7 m - , H ; RiX X j n - C ^ 7

^  R2 r 2
r H I  S ' 9 a , b  10a, b v 12a,  b

i  ' C”" JX \  l NaN̂ H=0+ LAh \  3H,-Pt
n fH  s '  \  for 12b/  0  i°b \

r A  r  r r NA  _ n h - .  \ f o r , o r x  ^

c A n - c 7h 7 r 1a a n̂ CiH;  X X _ >  \  r A
8 i  CH:iO ^ - — N - C 7H7 \  CHj0 A A / N H

11a, b /  13
/  H, Pd

■' H Pd /  for 10a
C: H:C! forlIa y

9 H 0  NOH n h ,

c A  A l  A h  ^  A
C«Hs x . c 6H5 c6h 7 c6h5

R  Ŝ\ , chloranil 14 s ' 18 18

'V  | NaN3-HjO+ /  NHjOH

\  0  /

ir-Pd f * Y l  c7h 7 =  c h 2c6h5
9a ---------v a ,R I =  Cl;R2 =  C6H5

C1 | b,R, =  OCH3;R 2=H.
QH5

15

methanol-ether mixture to give 0.4 g of 3 as yellow rods, mp phenyl-3H-l,4-benzodiazepin-2(lH)-one (5 ) ,4 2 g of platinum ox- 
211-213°. ide, 100 ml of acetic acid, and 100 ml of water was hydrogenated

A n al. Calcd for C i7H i7C1N20 :  C, 67.88; H , £ .70 ; N, 9 .31 . at room temperature and under atmospheric pressure until hy- 
Found: C, 68.01; H, 5 .93 ; N , 9.41. drogen uptake ceased. The mixture was filtered and the filtrate

7-M ethoxy-4-methyl-5-phenyl-l,3,4,5-tetrahydro-2H-l,4- was adjusted to pH 8 with sodium hydroxide solution. This was 
benzodiazepin-2-one (4). A. From 2 .— A mixture of 500 mg of then extracted with three 100-ml portions of methylene chloride,
the oxime 2 and 10 g of polyphosphoric acid was slowly heated to The organic layers were combined, washed with water, dried over
130° and maintained at this temperature ± 5 °  for 10 min. The sodium sulfate, and evaporated. The residue was recrystallized
reaction mixture was then treated with 300 g of ice, made basic from a mixture of acetone and hexane to give 5.65 g (87 .5% ) of 6
with ammonium hydroxide, and filtered. The precipitate was as white prisms, mp 150-153°.
dissolved in a small amount of dioxane and filtered through 5 g A n al. Calcd for C16H16N20 2: C, 71.62; H, 6 .01 . Found: C, 
of neutral activated alumina. Solvent was removed under re- 71.71; H, 6.06.
duced pressure. The residual oil (300 mg) was next dissolved in 2 Benzyl-7-chloro-4-hydroxyisoquinolinium Chloride (7).8—
50 ml of dichloromethane which was then extracted with 3 N  A solution of 79.5 g (0.258 mol) of 2-benzyl-7-chloro-2,3-dihydro- 
hydrochloric acid (three 25-ml portions). The acid extracts were 4-(lH)-isoquinolone hydrochloride8 and 128 g (0.523 mol) of 
combined, made basic (ammonium hydroxide), and extracted chloranil in 2.4 1. of glacial acetic acid was refluxed and stirred
with dichloromethane (three 20-ml portions). The diehloro- for 4 hr. The .solvent was evaporated and the residue was washed
methane layers were combined, washed with water (two 10-ml several times with hot benzene. The crystalline solid was sus-
portions), dried (anhydrous sodium sulfate), filtered, and evapo- pended in 500 ml of warm ethanol, 150 ml of saturated methanolic
rated to give 200 mg of crystalline product. Recrystallization hydrogen chloride was added, and the mixture was stirred for 10
from dichloromethane gave 100 mg of the pure benzodiazepinone, min. Cooling and filtration afforded 71.8 g (91% ) of 7 as white
mp and mmp (with an authentic sample prepared as in B ) prisms, mp 284-286° dec.
214-215°. 2-Benzyl-4-methoxy-7-chloroisoquinolinium Iodide (8 ).— A

B. From 6 .— A solution of 3 g of 6 in 25 ml of N,N-dimethyl- mixture of 6.12 g (20 mmol) of 7, 18 ml of methyl iodide, 5.68 g
formamide was treated with 5 g of methyl iodide. The solution of potassium carbonate, and 80 ml of dry acetone was refluxed
was stirred at 45° for 6 hr and allowed to stand at room tempera- and stirred for 3.5 hr. A bright yellow precipitate formed within
ture for 12 hr when 400 ml of water was added. The aqueous 30 min. The solid material was collected and the filtrate was
mixture was extracted with three 100-ml portions of diehloro- evaporated to a yellow-orange solid, which after washing with
methane, which were then combined, washed with water, dried hot benzene was recrystallized from a mixture of chloroform and
over anhydrous sodium sulfate, and evaporated. The mixture ether to give 2 g of 8 as yellow prisms: mp 182-184°; nmr
was recrystallized from dichloromethane to give 1.3 g (39% ) of (CDC13) S 4 .34 (s, 3, OCH3), 6.42 (s, 2 , CH2), 8.95, 10.48 (AB, 2,
4 as white prisms, mp 214-215°. /  =  1 Hz, H -l, H-3).

A n al. Calcd for CnHi8N20 2: C, 72.33; H , 6 .42 . Found: C, A n al. Calcd for CnHi6ClNO: C, 49.60; H, 3 .67 ; N , 3 .40. 
72.53; H, 6 .49. Found: C, 49.56; H, 3 .75 ; N, 3.42.

7-Methoxy-5-phenyl-l,3,4,5-tetrahydro-2H-l,4-benzodiazepin- The original precipitate was extracted with hot methanol
2-one (6 ).— A mixture of 6 .4  g (0.0242 mol) of 7-methoxy-5- which was then evaporated. The residue was recrystallized from
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a mixture of chloroform and ether to give 6.4 g of 8 as a tan solid. The organic layer was separated, washed, dried, and evaporated.
This material was used without further purification for the prep- The residue was recrystallized from a mixture of ethanol and
aration of 9a. chloroform to give 10.5 g of 14 as white rods, mp and mmp (with

2-Benzyl-7-chloro-l,2-dihydro-l-phenyl-4(3H)-l-isoquinolone a sample prepared as in A) 197-204°. The original filtrates were
(9a). A. From 7.— Compound 7 (15.2 g, 49.7 mmol) was treated with ether when the hydrochloride of the starting ma-
added in small portions to 75 ml of an ice-cold 2 N  solution of terial (14) precipitated. The solution was filtered, poured into
phenyllithium in benzene-ether which was kept under nitrogen. 1 1. of water, made basic with ammonium hydroxide, and again
The reaction mixture was allowed to warm to room temperature filtered. The precipitate was dissolved in dichloromethane which
and after stirring for 1 hr 10 ml of methanol was added cautiously. was washed, dried, and evaporated. The residue was recrystal-
The thick slurry was poured into 500 ml of ether and the mix- lized from a mixture of ethanol and chloroform to give an addi-
ture was stirred for several minutes. The insoluble material was tional 22.6 g of product, mp 197-204°.
filtered. To the filtrate was added 10 ml of 10 N  hydrochloric 4-Benzyl-7-methoxy-l,3,4,5-tetrahydro-2H-l,4-benzodiazepm-
acid in methanol. The precipitated salt was collected, washed 2 -one ( l ib ) .— A solution of 2.0 g (7.35 mmol) of 2-benzyl-2,3-
with ether, dissolved in methylene chloride, and extracted twice dihydro-7-methoxy-4(lH)-isoquinolinone (9b)2 in 40 ml of
with sodium bicarbonate solution. The organic phase was dried chloroform was cooled to 0° and 8 ml of concentrated sulfuric
over anhydrous sodium sulfate and evaporated. The residue acid was added dropwise with stirring. The reaction mixture
was crystallized from a mixture of methanol and ether to give 5 g was treated with 1.2 g (18.4 mmol) of sodium azide over a 1-hr
of 9a as white prisms, mp 115-123°. Recrystallization from period, keeping the temperature below 10°, and was then stirred
methanol and ether yielded 3.9 g (22 .5% ) of pure material: at 50° for 90 min. The mixture was cooled in an ice bath (< 3 0 ° )
mp 119 .5-121°; ir (CHC13) 1685 cm -1 ( C = 0 ) ;  uv max (2- while 5 g of potassium carbonate was added, followed by 20 ml
propanol) 255-256 m/i (e 16,400), sh 290 (2400); nmr (CDCh) of a 50%  aqueous solution of potassium hydroxide. The solution
5 3.25, 3.58 (AB, 2, J gem =  17.5 Hz, CH2CO), 3 .52, 3.73 (AB, was filtered, and the filtrates were extracted with two 10-ml
2, J 0em =  13.5 Hz, NCH2C6H 5) 4.92 (s, 1, CH ). portions of chloroform. The combined organic layers were

B . From Compound 8 .— Compound 8 (6 g, 14.6 mmol) was washed with 30 ml of saturated brine, dried over anhydrous
added in small portions to 20 ml of an ice-cold 2.28 N  solution sodium sulfate, and evaporated to dryness. The residue was
of phenyllithium in benzene-ether which was kept under nitrogen. crystallized from methanol and then recrystallized from a mixture
The reaction mixture was allowed to warm to room temperature of dichloromethane and petroleum ether, bp 30-60°, to give 1.7
and after 7 hr of stirring 6 ml of methanol was added cautiously g (81% ) of lib  as white rods, mp 145-148°.
to destroy excess reagent. The thick brown slurry was poured A nal. Calcd for Ci7H iSN20 2: C, 72.32; H , 6 .43 ; N , 9 .92.
into 300 ml of ether and the insoluble material was filtered off. Found: C, 72.40; H , 6 .46 ; N, 9 .88.
The filtrate was evaporated and the residue was refluxed for 2 hr 4-Amino-2-benzyl-7-chloro-l-phenylisoquinolinium Chloride
in 75 ml of 28%  H B r in glacial acetic acid. The solvent was (12a).— A mixture of 0.9 g of 10a and 10 g of polyphosphoric
removed under reduced pressure and the oily residue was washed acid was heated to 125-135° for 15 min. The mixture was
several times with ether and benzene. The product was then cooled, made basic with ammonium hydroxide, and extracted
dissolved in methylene chloride and extracted with dilute sodium with chloroform. The chloroform layer was washed with brine,
hydroxide solution. The organic phase was dried over anhydrous dried over sodium sulfate, and evaporated to dryness. The
sodium sulfate and evaporated. Crystallization from methanol- residual oil was treated with 3 N  HC1 and was allowed to stand
ether gave 1.05 g (20.7% ) of 9a, mp 119-121°. until the product crystallized. The quaternary salt obtained by

2-Benzyl-l,2-dihydro-7-chloro-l-phenyl-4(3H)-isoquinolone filtration was dissolved in dichloromethane, which was dried 
Oxime (10a).— A solution of 0.5 g of 9a in 2 ml of ethanol was over sodium sulfate, filtered, and evaporated. Recrystallization
treated with 0.5 g of hydroxylamine hydrochloride, 1 g of sodium of the residue from a mixture of methanol and ether gave 0.7 g
acetate, and 10 ml of water. The solution was heated under (74% ) of 12a as pale yellow rods, mp 213-215°.
reflux for 0.5 hr and then cooled in an ice bath. The precipitated A nal. Calcd for C22Hi8Cl2N2: C, 69.30; H, 4 .76 ; N , 7.35.
product was removed by filtration and recrystallized from a mix- Found: C, 69.12; H, 4 .88 ; N, 7.29.
ture of ether and petroleum ether, bp 3 0-60°, to give 350 mg 4-Amino-2-benzyl-7-methoxyisoquinolinium Chloride (12b).—  
(67% ) of 10a as pale yellow rods, mp 152-155°. A mixture of 10 g of 10b and 45 ml of polyphosphoric acid was

A n al. Calcd for C22H 19C1N20 :  C, 72.82; H, 5 .28. Found: heated at 130° for 15 min with stirring. The mixture was
C, 72.94; H, 5 .50 . cooled, poured into ice, and made basic with ammonium hydrox-

2-Benzyl-l,2-dihydro-7-methoxy-4(3H)-isoquinolone Oxime ide. The basic solution was filtered and the filtrate was first
(10b).— A mixture of 10.0 g of 2-benzyl-l,2-dihydro-7-methoxy- extracted with dichloromethane and then acidified with concen-
4(3H)-isoquinolone,a 10.0 g of hydroxylamine hydrochloride, trated hydrochloric acid. The quaternary was salted out with
20.0 g of sodium acetate hydrate, 100 ml of water, and 200 ml of sodium chloride. Filtration gave 9 g of 12b as yellow rods,
ethanol was heated under reflux for 0.5 hr. The mixture was Recrystallization from water gave the analytical sample, mp
cooled and filtered to give 8.9 g (83.5% ) of the oxime, mp 189- 128-130°.
192°. Recrystallization from an aqueous dioxane solution gave A n al. Calcd for Ci7HnClN20 : C, 67.88; H , 5 .70 ; N , 9 .31 ;
the pure oxime, mp 192-194°. Cl, 11.79. Found: C, 67.86; H, 5 .94 ; N, 8 .94 ; Cl, 11.76.

A n al. Calcd for Ci7Hi8N20 2: C, 72.32; H, 6 .43 . Found: C, 4-Amino-l,2,3,4-tetrahydro-7-methoxyisoquinoline Dihydro-
72.53; H, 6 .37. chloride (13). A. From 10b.—A mixture of 2 g of 10b, 25 ml

4-Benzyl-7-chloro-l,3,4,5-tetrahydro-5-phenyl-2H-l,4-benzo- of glacial acetic acid, 5 ml of water, and 0.2  g of platinum oxide 
diazepin-2-one (11a). A. From 9a. A solution of 0.3 g (0.864 was nydrogenated at room temperature and atmospheric pressure
mmol) of 9a in 20 ml of chloroform was treated at 0° with 1.2 ml until hydrogen uptake ceased. The catalyst was removed by
of concentrated sulfuric acid. The reaction mixture (< 1 0 °) was filtration and the filtrates were made basic with sodium hydroxide,
next treated portionwise (30 min) with 0.141 g (2.17 mmol) of The basic solution was extracted with three 100-ml portions of
sodium azide and was then heated to 50° for 90 min. The mix- dichloromethane which were then combined, washed with satu-
ture was cooled in an ice bath, 3 g of potassium carbonate was rated brine, dried over sodium sulfate, and evaporated to dryness,
added, and the mixture was then made basic with a 50%  aqueous The residue was dissolved in ether and treated with an excess of
solution of potassium hydroxide. The precipitate was removed ethanolic hydrogen chloride solution. The precipitate was re-
by filtration and the filtrates were separated and extracted with crystallized from a mixture of methanol and ether to give 13 as
two 10-ml portions of chloroform. The combined chloroform white prisms, mp 248-255°.
layers were washed with 20 ml of saturated brine, dried over A n al. Calcd for C,oH14N20-2H C 1: C, 47.82; H , 6 .42 ; N, 
anhydrous sodium sulfate, and evaporated to dryness. The 11.15. Found: C, 47.71; H, 6 .51 ; N, 11.42.
residue was recrystallized twice from a mixture of diehloro- B . From 12b.— A mixture of 1.5 g of 12b, 25 ml of acetic acid, 
methane, ether, and petroleum ether to give 0.17 g (55% ) of 5 ml of water, and 0.25 g of platinium oxide was hydrogenated 
11a as white rods, mp 1 9 /-2 0 4 0. at room temperature and atmospheric pressure until hydrogen

A n al. Calcd for C22H i9C1N20 :  C, 72.82; H , 5 .28. Found: uptake ceased. The product was obtained as described in A to
C, 72.83; H , 5 .53 . give the dihydrochloride as white prisms, mp and mmp 248-255°.

B . From 14.— A mixture of 50 g of 146 and 21 ml of benzyl 7-Chloro-l,3,4,5-tetrahydro-5-phenyl-2H-l,4-benzodiazepin-
chloride in 250 ml of N,N-dimethylformamide was heated over- 2-one (14). A. From 11a.— A solution of 1 g (2.75 mmol)
night at 60°. The precipitate was filtered and partitioned of 11a in 40 ml of glacial acetic acid, 10 ml of concentrated
between dichloromethane and dilute ammonium hydroxide. hydrochloric acid, and 40 ml of water was treated with 0.2  g of
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a 10%  palladium-on-charcoal catalyst. Hydrogenation at at- centrated hydrochloric acid, 5 ml of water, and 750 mg of 10%
mospheric pressure was stopped when 80 ml of hydrogen had been palladium on carbon was hydrogenated as previously described
adsorbed, and the reaction mixture was filtered through Celite to give 15, and the mixture was then filtered over Celite The
and made basic with ammonium hydroxide. The solution was filtrate (225 ml) corresponding to 21.2 mmol of starting material
extracted with 100 ml of dichloromethane which was washed with was refluxed and stirred for 1.5 hr with 6.1 g (25 mmol) of chloranil.
50 ml of saturated brine, dried over anhydrous sodium sulfate, After removal of the solvent, the residue was washed several
and evaporated to dryness. The residue was recrystallized from times with warm benzene, suspended in dilute ammonium hy-
a mixture of dichloromethane and hexane to give 0.5 g (67% ) of droxide, and stirred for several minutes. The solid was then
14 as white prisms, mp and mmp (with an authentic sample6) filtered, washed with water, ether, and hot benzene and finally
183 - 18£ ° . recrystallized from a mixture of methanol and methylene chloride

B. From 15.—A suspension of 200 mg (0.68 mmol) of 15 in to give 2.4 g (44% ) of pure 17 as white prisms: mp 270-274°;
30 ml of chloroform was cooled in an ice bath to 0 -3 ° . While ir (K B r) broad OH centered at 2500 c m -1; uv max (2-propanol);
storing, 4 ml of concentrated sulfuric acid was added, followed 215 m/a (e 44,600), 259 (26,100), 309 (7200), 342-345 (7250)’
by the portionwise addition of 1.0 g of sodium azide (addition nmr (DMSO) h 7 .40-8 .40  (9 aromatic H ). 
time 1 hr, temperature 10°). The reaction mixture was then A n a l .  Calcd for CiSH10OlNO: C, 70.46; H, 3 .94 ; N , 5.48.
heated to 50° for 1.5 hr, cooled, poured over ice, and neutralized Found: C, 70.62; H, 4 .03; N, 5 .41.
with solid potassium carbonate. After adding 2 ml of 50%  1-Ph enyl-7-chi or o-4-amino iso quinoline (18).'—A mixture of
KOH, the solids were removed by filtration and washed with 100 mg (0.37 mmol) of 16 and 4.5 g of polyphosphoric acid was
dichloromethane. The organic layer of the filtrates was separated heated for 12 min at 120-130° with occasional stirring The
and the aqueous phase was twice extracted with dichloromethane. reaction mixture was cooled and poured onto ice. The solution
The combined organic layers were dried over anhydrous sodium was basified with ammonium hydroxide. The precipitated solid
sulfate and evaporated to a crystalline solid, which after washing was collected and washed repeatedly with water to give 100 mg
with a mixture of ether and petroleum ether yielded 0.90 g of crude 18, mp 142-146°. This was recrystallized from ether and
(48.4% ) of product as white prisms, mp 174-178°. Recrystal- petroleum ether to give 55 mg (58% ) of analytically pure 18 as
lization from a mixture of dichloromethane, ether, and petroleum white prisms: mp 143-145.5°; ir (K B r) 3450, 3320 (NH2)
ether gave the pure product, mp and mmp (with an authentic broad 3140, 1650 cm “1; uv max (2-propanol) 213-214 mu (<=
sample5) 180 -1 8 3 ° . 43,250), 263-266 (16,600), infl 330 (6600), 362-364 (8000);
4 7-Chloro-2,3-dihydro-l-phenyl-4(lH)-isoquinolone Hydrochlo- nmr (CDCb) S 4,17 (s, 2, NH2), 7 .30-8 .20  (9 aromatic H ). 

ride (15).— A solution of 1 g (2.88 mmol) of 9a in 75 ml of glacial A n a l .  Calcd for Ci5HnClN2: 0 ,7 0 .7 3 ;  H, 4 .35 ; N, 11.00. 
acetic acid was treated with 0.1 ml of concentrated hydrochloric Found: 0 ,7 0 .7 6 ;  H , 4 .29 ; N, 10.96.
acid, 5 ml of water, and 200 mg of a 10%  palladium-on-carbon 4-Amino-2-benzyl-l,2,3,4-tetrahydro-7-methoxyisoquinoline
catalyst. The reaction mixture was hydrogenated at atmospheric (19). A. From 10b.— A mixture of 3 g (0.01 mol) of 10b, 0.8
pressure and room temperature until the uptake of hydrogen g (0.21 mol) of lithium aluminum hydride, and 75 ml of dry
slowed down considerably (total uptake 160 ml). Solids were tetrahydrofuran was stirred and heated under reflux for 6 hr.
removed by filtration over Celite. The Celite was washed with The mixture was cooled and 1 ml of water was added, followed
dichloromethane and the filtrates were combined. After removal by the addition of enough saturated potassium bicarbonate solu-
of the solvent, the residue was treated with 2 ml of 10 N  hydrogen tion required to coagulate the solids. The solution was filtered
chloride in methanol which was then evaporated to a solid residue. and the filtrates were extracted with dichloromethane which were
The crude product was washed with acetonitrile to give 450 mg then washed with water, dried over sodium sulfate, and evapo-
(53.2% ) of 15-HC1 as a white crystalline material, mp 233-235°. rated. The residual oil was dissolved in benzene and chromato-
Recrystallizat.ion from a mixture of acetonitrile and ether afforded graphed over Flonsil using benzene and ether as eluents. The
an analytical sample: mp 235° dec; ir (K B r) 1715 cm -1 ( C = 0 ) ;  benzene fractions were discarded. The ether fractions gave, on
uv max (2-propanol) 210 m/i (« 24,200), 256-257 (12,720), sh evaporation, 1 g (35% ) of a colorless oil which was crystallized
285 (2100), sh 297 (1650). from a mixture cf ether and petroleum ether, bp 30-60°, to give

A n a l .  Calcd for Ci5H i2C1N O -H C1: C, 61.24; H, 4 .45 ; N, pure 19 as white prisms, mp 4 3-49°.
4.76. Found: C, 61.15; H, 4 .53 ; N , 4 .74 . A n a l .  Calcd for C„H 20N2O: C, 76.08; H, 7 .51 ; N, 10.44.

l-Phenyl-7-chloro-2,3-dihydro-4(lH)-isoquinolone Oxime (16). Found: C, 76.21; H, 7 .17; N, 10.19.
A. From 15.—A mixture of 1.16 g (3.33 mmol) of 9a, 40 ml of B. From Compound lib.—A mixture of 0.5 g of lib, 0.176 g 
glacial acetic acid, 1 ml of concentrated hydrochloric acid, 10 ml of of lithium aluminum hydride, and 50 ml of dry tetrahydrofuran
water, and 0.3 g of 10%  palladium on carbon was hydrogenated was heated under reflux for 10 hr. The mixture was cooled and
and worked up in the same way as described for the prep- excess reagent was decomposed with water. Saturated potassium
aration of 15. The crude product was partially dissolved in 50 bicarbonate solution was added as in A and the solution was
ml of ethanol and refluxed under nitrogen for 2 hr together with filtered and evaporated. The residue was dissolved in ether and 
a mixture of 3.5 g of hydroxylamine hydrochloride, 4.5 g of the product was extracted into 0.5 N  hydrochloric acid. The
sodium acetate, and 4.5 g of sodium bicarbonate. The solid acid layer was made basic and was extracted with dichloro-
precipitate which formed was filtered after cooling, washed well methane. The organic layers were dried and evaporated, and
with water, dissolved in ether, and dried over anhydrous sodium the residual oil was chromatographed over Florisil as above to
sulfate. The solvent was removed and the remaining residue was give 50 mg of 19 as white prisms, mp and mmp 43- 49 °.
triturated with ether-hexane. Filtration afforded 500 mg (55% ) 
of crude 16 as white prisms, mp 162-172°. Recrystallization of
a sample from ether-hexane gave analytically pure 16: mp Poo-ict™  Wr, 9 a 04781  7 7  o . a
168-171°; ir (K B r) 3270 (N -O H ), 2800 cm “1 (broad, OH); Registry H o—2, 2 1 / 8 1 - / 0 - 8 ,  3, 2 4 7 8 1 -7 7 -9 , 4,
uv max (2-propanol) 263 m#x (e 16,000), infl 293 (2800), sh 304 2 4 7 8 1 -7 8 -0 ; 6 , 2 4 7 8 1 -7 9 -1 ; 7 ,1 5 3 6 5 - 4 9 - 8 ;  8 , 2 4 7 8 1 -8 1 -
(1600); nmr (DMSO) a 3.76 (s, 2, CH2), 5.00 (s, 1, CH ), 11.08 5 ;  9a, 2 4 7 8 1 -8 2 -6 ; 10a, 2 4 7 8 1 -8 3 -7 ; 10b, 2 4 7 8 1 -8 4 -8 ;
(br, l ,  NOH). 11a, 2 4 7 8 1 -8 5 -9 ; l ib ,  2 4 7 8 1 -8 6 -0 ; 12a, 2 4 7 8 1 -8 7 -1 ;

A n a l .  Calcd for C^H.aClNA): c > 6 6 -06; H, 4 80; N, 10.27. 1 2 b, 2 4 7 8 1 -8 8 -2 : 1 3 ,2 4 7 8 1 - 8 9 - 3 ;  1 4 ,1 8 2 4 - 6 9 - 7 ;  15,
T  From  10a.— A mixture of 363 mg (1 mmol) of 10a, 50 ml 2 4 7 8 1 -9 1 -7 ; 16, 2 4 7 8 1 -9 2 -8 ; 17, 2 4 7 8 1 -9 3 -9 ; 18,

of acetic acid, 0.1 ml of concentrated hydrochloric acid, and 0.2  2 4 7 8 1 -9 4 -0 ; 1 9 ,2 4 7 8 1 -9 5 -1 .
g of 10% palladium on carbon was hydrogenated and worked up 
in the same manner already described. The crude residue ob­
tained after removal of the reaction solvents and the washings was . , _____1 , ______, Tir J.U 1 TV \ "d • r
taken up in methylene chloride and extracted with a solution of Acknow ed g m e n t.-W e  thank Dr A. Brossi for
saturated sodium bicarbonate in water. The organic phase was valuable discussions and also the following members
dried over anhydrous sodium sulfate and evaporated to a crystal- of the Physical Chemistry Department under the direc-
line solid which, after treatment with ether-petroleum ether, tion of Dr P Bommer' Dr T Williams for nmr
ylidei 1in\Tl68-i?i°jf 16’ mP and mmP iWlth a SamPle Pre’ sPectra> Dr- W  Benz for mass spectra, Dr. V. Toome for

l-Phenyl-4 -hydroxy-7-chloroisoquinoline (17).— A mixture of u v  spectra, Mr. S. Traiman for ir spectra, and Dr. F.
8.7  g (25 mmol) of 9a, 250 ml of glacial acetic acid, 10 ml of con- Scheidl for the microanalyses.
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We have recently shown that enol esters are hy- _ g _  / /  eS*er ^ r0'fsis_
drolyzed in mineral acid by two alternative mecha- | , /  \ 1 l
nisms.3’4 One of these mechanisms is the normal ester ------1------£----- '----- ^ ^ ^ ------1-------------1 g
hydrolysis process; the other mechanism is a process „
initiated by olefin protonation to give rise to a carbo- 0
nium ion of type A as the first intermediate. In the Figure 1 -  Rate of hydrolysis of irans-a-acetoxystilbene:

X  —  X , calculated rate of normal ester hydrolysis; — , calculated
O rate of hydrolysis by olefin protonation; ------ , calculated total
^  rate of hydrolysis; O O, observed rate of hydrolysis.

R'—C—CHR” ----- T----- 1----- T----- 1----- T----- 1----- T----- 1----- 1 I
+ I

H - 2 -
A n

absence of substantial carbonium ion stabilization by §  o y y
R ', the normal ester mechanism predominates in dilute “  -3 -  ^olefin _
mineral acid. This is the situation which is observed g1 prolonation
for vinyl acetate4 and for p-nitro-a-acetoxystyrene.3 — - / /  J < ~ "
Structures providing better carbonium ion stabiliza- /  ester hydrolysis—
tion allow olefin protonation to predominate even at
low acidities, e .g ., p-m ethoxy-a-acetoxystyrene. - ,

In the present study we wish to examine briefly other /
factors which may influence the balance between these ------u- — -̂--- 1------- -̂---- ‘----- ^------1------¿r----- 1------ g-----
two mechanisms. I t  is well known that the rate of 1 “ J
acid-catalyzed hydrolysis of esters is relatively insensi-
tive to wide variation of the alcoholic moiety in terms Figure2 . _ R a t e of hydroiygisof cis-«-acetoxystilbene: x — X, 
of both stenc and electronic effects. F or example, calculated rate of normal ester hydrolysis; □— □, calculated rate
E u r a n to 5 h as rep o rte d  th a t  th e  ra te s  fo r th e  h yd rolysis  of hydrolysis by olefin protonation; ------ , calculated total rate of
of a diverse group of formate esters are within a factor hydrolysis; OO, observed rate of hydrolysis, 
of 3, for structural variation including methyl formate,
chloromethyl formate, and f-butyl formate. E x - I t  should thus be expected that a-acetoxystilbene 
tremes of steric hindrance might be expected to result should show a rate of hydrolysis by the normal ester
in some diminution of the rate of hydrolysis. In the mechanism similar to that observed for p-nitro-a-ace-
present situation, it is to be noted that t r a n s - a -  toxystyrene, and an olefin protonation rate substan-
acetoxystilbene (1) has the acetate group in a position tially suppressed from that observed for a-acetoxy-
which is severely crowded. Nevertheless, the depres- styrene. We have therefore measured the rates of
sion of rate is relatively modest. In 50%  mineral acid-catalyzed hydrolysis for both stereoisomers of a -
acid, 1 hydrolyzes 60 times more slowly than vinyl acetoxystilbene.
acetate; cfs-a-acetoxystilbene (2) hydrolyzes only 10 The two stereoisomers were prepared by the pro­
times more slowly than vinyl acetate. This situation cedure of House and Trost.8 The higher melting iso-
should be contrasted with the very sharp differences mer mp 100-101.5° has been previously obtained by
observed when structural changes are made in the Nesmeyanov, et a U  T hat this is the tr a n s  stereoiso-
carboxylate moiety (R ). mer 1 is supported by its spectral characteristics, with

On the other hand, rates of olefin protonation are the vinyl proton signal in the nmr occurring at lower 
relatively sensitive to structural variation at the carbon fields than in 2 .10
/? to the potential carbonium ion center. F or example, The results of the kinetic measurements are graphi- 
the hydration of styrene occurs 500 times more rapidly Cally displayed in Figures 1 and 2.
than proton attack upon cfs-stilbene initiates isomeriza- I t  is to be noted that, as the acidity of the medium 
toon-6’7 is increased, the rate of hydrolysis effectively reaches a

(1) Supported in part by a grant from the National Science Foundation, (6) W. M. Schubert, B. Lamm, and J. R. Keeffe, J .  Amer. Chem. Soc.,
GP-6133X. 86, 4727 (1964); W. M. Schubert and B. Lamm, ibid., 88, 120 (1966).

(2) National Institutes of Health Postdoctoral Fellow, 1965—1968 (GM- (7) D. S. Noyce, D. R. Hartter, and F. B. Miles, ibid., 90, 4633 (1968).
20266). (8) H. O. House and B. M. Trost, J .  Org, Chem., 80, 2502 (1965).

(3) D. S. Noyce and R. M. Pollack, J .  Amer. Chem. Soc., 91, 119 (1969). (9) A. N. Nesmeyanov, A. E. Borisov, I. S. Savel’eva, and M. A. Osipova,
(4) D. S. Noyce and R. M. Pollack, ibid., 91, 7158 (1969). Izv. Akad. Nauk SSSR, Otd. Khim. Nauk, 1249 (1961); Bull. Acad. Sci.
(5) E. Euranto, Ann. Univ. Turku, Ser. A, 42, 20 (1960); Chem. Abstr., USSR, Div. Chem. Sci., 1161 (1961); Chem. Abstr., 56, 1469 (1962).

54, 18042 (1960). (10.) R. C. Fahey and D. J. Lee, J .  Amer. Chem. Soc., 88, 5555 (1966).
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plateau between 40 and 50%  perchloric acid, and finally ing> 4.7 g of frarw-a-acetoxystilbene was collected as pale yellow
n e a r 6 0 %  acid  a b ru p tly  begins to  in crease  again . W e  crystals.16 Recrystallization from pentane gave colorless needles:
ascribe this comolex profile to the internlav of the two mp 100-°-101-5° (Jit- 100.5-101.0°); uv max 287 mM (« 27,400,ascrioe tms complex prome to tne interpiaj ol the two ethanol); ir (CCh) 1764 cm -1; nmr (CC14) s  7.14-7.50 (m, 10 H),
m ech an istic  p a th w a y s  av ailab le  for h yd rolysis  of enol 6.55 (s, 1 H ), 2.26 (s, 3 H).
acetates. F o r the c is  isomer 2, below 59%  perchloric A nal. Caled for Ci6Hu0 2: C, 80.65; H, 5 .92. Found: C, 
acid, the predominant mode of hydrolysis is the normal 80.65; H, 5.98.
ester pathway; above this acidity, the majority of the The mother liquors from the crystallization of the trans isomer 
t j V -  c i n , , .  were concentrated, and the cis isomer was separated from desoxv-
hydrolysis proceeds by way of olefin protonation. benzoin and remaining trans isomer by glpc on a 5 ft X  0.25 in.

F or calculation of the predicted rate for hydrolysis 20%  SE-30 column. cfs-a-Acetoxystilbene was obtained as a
by the normal ester mechanism, the following procedure viscous oil: uv max 262 m^ (e 12,000); ir (CC14) 1764 cm -1;
was used. Y ates and McClelland11 have observed 7.03-7 .95  (broad multiplet, 10 H ), 6.33 (s, l H),

that many esters show a very similar rate-acidity pro- ' A n a i c l l c . d  for CI6H140 2: C, 80.65; H, 5.92. Found: C, 
file in the middle range of sulfuric acid concentration, 80.68; H, 6.04.
with eq 1 describing the behavior of the ester, with Kinetic Runs.—An aliquot (10-50 A ) of a stock solution of 
m  =  0 .6 2  and r  ~  2 . Lane, Cheung, and Dorsey,12 the substrate in ethanol was mixed with 3 ml of the appropriate

acid solution in a stoppered cuvette. The kinetics were followed 
log k  +  mH„ =  r log aH2o +  constant (1) on a Gilford Model 2000 spectrophotometer with a thermostated

cell compartment (25°). The rate constant obtained showed no 
in a particularly careful study of the behavior of ethyl dependence on the concentration of ethanol (0 .3 -1 .6 vol % ).
acetate, show that m  =  0.645 and r  =  2. To calculate F ° r ^-«-acetoxystUbene reactions were followed at 280 mM and

. showed good first-order behavior to greater than 85%  reaction,
the expected rate for normal ester hydrolysis for c t s - a -  For imres.a . acetoxystilbene the kinetics were followed at 288 mM.
acetoxystilbene (2 ) we have used eq 2 , with data for All reactions of the trans compound showed excellent first-order
the activity of water from Robinson and Baker13 with behavior to greater than 95%  reaction. Infinity spectra were

recorded on a Cary Model 14 spectrophotometer, and were identi- 
log (ratec,te,)ri, =  —0.62H0 +  2 log oH!o — 4.65 (2) cal with those obtained for an authentic sample of desoxybenzoin

in the same acid media. The rate constants were obtained from 
the constant term ( — 4.65) chosen to give a predicted the slopes of the plots of log (A „ — A ,) vs. time.
rate in agreement with experiment at the lower acidi- p  . . w . oon„ 01 ,
, .  /Tj  * 1 t iv. . , . , - ,  Registry N c . - t r a n s -  a - Acetoxy stub one, 13892-81-4;ties (H 0 ^  —1.5). In the most concentrated acid . , ^  0 ’, , . „ ,. ,  . ,. „ ,, m -a-acetoxystnbene, 24647-07-2.
solution a very small correction for protonation ol the
ester has been made assuming PNBH+ of —7.00. F or (16> No attempt was made to maximize the yield, 
the predicted rate of reaction by way of olefin protona­
tion, eq 3 was used14 with the constant term ( —8.22)
chosen to match the observed rates in 63%  sulfuric P re p a ra tio n  o f M aleoyl F lu o rid e ,
acid (H o =  —5.9). ** . J

N uclear M ag n etic  R eso n an ce  S p ectra
og ( owi),.,, 0 *- -* o f M aleoyl F lu o rid e , F u m a ry l  F lu o rid e ,

Calculated rates for the tr a n s  isomer are obtained in a n j  F u m a ry l C hloride F lu o rid e
a similar fashion, using eq 4 and 5, with the constant
terms chosen as above. Thomas P. Vasileff and David F. Koster

log (ratee,tcr)i™», =  —0.62H 0 +  2 log oH!0 — 5.51 (4)
Department o f  Chemistry, Southern Illin o is University, 

log (rate0ie,),,.,,, = —H 0 — 8.82 (5) Carbondale, Illinois 62901

Finally it should be noted that the rates of olefin December 5, I960
protonation for as-stubene7 and for crs-a-acetoxystil-
bene are very similar. The preparation of maleoyl fluoride from maleic an­

hydride and sulfur tetrafluoride has been reported by 
Experimental Section15 Hasek, et a l . 1 W e have repeated their reaction condi-

a-Acetoxystilbenes.— The procedure of House and Trust6 was tioriS ( 13  h [  f  15f )  an d  ^  th e  P r° duCtS
followed. Ten grams of desoxybenzoin was dissolved in 150 ml of a re  fumaryl fluoride, unreacted anhydride, and a com-
carbon tetrachloride and 51 g of acetic anhydride was added with pound we believe to be 4,4-difluoroisocrotonolactone
stirring. After the dropwise addition of 0.5 ml of 70%  perchloric ( J ) .  Under the above conditions it is likely that ma-
acid, stirring was continued for 2.5 hr. The reaction mixture leQ j fluoride will be isomerized to fumaryl fluoride.

• was washed thoroughly with aqueous sodium bicarbonate solu­
tion, the carbon tetrachloride layer was dried over anhydrous q
sodium sulfate, and the solvent was removed on a rotary evapora- ¡j
tor. The crude residue contained approximately 60%  trans-a-
acetoxystilbene, 10%  cis-a-acetoxystilbene, and 30%  deoxy- | o
benzoin as determined from the nmr spectrum.

The crude reaction mixture was dissolved in a minimum amount F ^ ' f
of diethyl ether and pentane was added to 500 ml. Upon cool- j

(11) k . Yates and r . a . McClelland, j . A m er. ch em . Soc., 89,2 6 8 6  (1967). W e have used lower reaction temperatures and find
(12) C. A. Lane, M. F. Cheung, and G. F. Dorsey, ib id ., 90, 6492 (1968). ^ e  mixture is heated to about 75° for 5 hr ma-

250 (1946) leoyl fluoride is one of the products. The amount pro-
(14) in the previous study, ref 3, it was observed that the slope of the duced varies from run to run but usually is in the range

plot for log k  vs. -H o  was close to unity for the carbonium ion pathway.
(15) Analyses are by the Microanalytical Laboratory of the Department (1) W. R. Hasek W. C. Smith, and V. A. Engelhardt, J .  A m er. Chem.

of Chemistry, University of California. Soc., 82, 543 (1960).
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Figure 1.— Nmr spectrum of the products obtained from the action of SF4 on maleic anhydride: A (maleic anhydride), B  
(fumaryl fluoride), C (maleoyl fluoride), and D (4,4-difluoroisocrotonolactone).

of 20 to 5 0 %  as determined from  the nm r spectrum  (see X X '- t y p e  spectra and eight of the ten lines theoreti-
F igure 1) after rem oval of the S F 4 and H F . In  several cally possible are observed in the A and X  p arts  of the
instances all of the reaction m ixture was n ot rem oved spectra. T h e outer four lines, sym m etrically displaced
from  the cylinder after it had been heated. This about the center, are weak, particularly in the spectrum
rem aining portion, after standing for several days a t  of the la tte r compound, and are not visible in Figure 1.
room  tem perature in the cylinder, invariably gave a A  com plete analysis of the spectra, including the 13C
greater am ount of m aleoyl fluoride relative to th a t of I . satellites and using the com puter program  laocn3 ,8
H igher reaction tem peratures result in a larger percent- gives the param eters listed in Table I . T h e 13C F  cou-
age of I  and fum aryl fluoride. plings and isotopic shifts are in good agreem ent with

I t  should be pointed out th a t the com m ercial grade those of the related com pounds . 4 

S F 4 (M atheson) used in our work contained H F . I t  is 
possible th a t the discrepancy between our work and
that of ref 1 is due to this fact, since HF might T a b l e  I
catalyze the isomerization of maleoyl fluoride to fuma- Nmb P a r a m e t e r s  o f  M a l e o y l  F l u o r id e

ryl fluoride at 150°. However, it is known that maleic a n d  F u m a r y l  F l u o r id e

acid isomerizes to fumaric acid on heating. There is a OFC— C H = C H —-CFO“
reason to suspect a similar isomerization will occur in (3) (1) (2) (4)
the case of maleoyl fluoride. Furthermore, maleoyl Maleoyl Fumaryl
fluoride was identified by infrared spectroscopy in the fluoride fluoride
earlier work. Both it and fumaryl fluoride will give = s ( 2 '>’i PPm  6-73 6.94
similar infrared spectra.2 Finally the boiling point 5(3) = a(4),c ppm 41.18 30.40
reported for maleoyl fluoride (1 0 0 -1 0 5 ° ) 1 is near that 12 _  1 7  ± 1 ^ 7

of fumaryl fluoride (1 0 6 °). j “ Z j ”  ± 1 8 3  ±0 21
A complete separation of maleoyl fluoride from I was j  4 '78 ±0 22

not achieved in our work even though numerous vac- j n  178
uum trap-to-trap distillations were tried. Maleoyl j w 346 345

fluoride is the less volatile component but there is evi- ^«ocf 72
dence that concentrated samples of it slowly equilibrate 513cf _  s,iCF, ppm 0.15 0.12
to a m ixture of maleoyl fluoride, fum aryl fluoride .  Approximately 15% in CFC1, b From TMS. ‘ From CFC l*  
anhydride and I . The norm al boiling point of maleoyl (downfield). 
fluoride was not determined but it is expected to be in 
excess of 106°. T he mass spectrum  of a sample con­
taining about 9 0 %  maleoyl fluoride (by nm r) showed a  T be param eters listed in Table I  are actu ally  confor- 
m/e  peak a t  120. This was the highest m /e  peak of m ationally averaged ones. J 13 in p articu lar has been
any significance. E x ce p t for the relative intensities found to be tem perature and solvent dependent and
of the fragm ent peaks the spectrum  was very  similar this information, along with a study of the vib ration al
to  the one obtained from  a  pure sam ple of fum aryl sp ectra , 6 has been used to determ ine the relative sta -
fluoride. bilities of the isomers in these compounds and in fu-

A com parison of the nm r param eters of m aleoyl m aryl chloride. There is probably a large con cen tra-
fluoride with those of fum aryl fluoride gives additional tion of the unsym m etrical isomer of m aleoyl fluoride
evidence of its preparation. B o th  give rise to A A '-

(3) S. Castellano and A. A. Bothner-By, J .  Chem. Phys., 41, 3863 (1964).
(4) J. W. Emsley, J. Feeney, and L. H. Sutcliffe, “High Resolution Nuclear 

(2) This would not necessarily be true if fumaryl fluoride existed only as Magnetic Resonance Spectroscopy,” Vol. II, Pergamon Press, London,
the more symmetric C«h isomer. We find that several rotational isomers are 1965.
present. (5) T. P. Vasileff and D. F. Koster, unpublished work.
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(II) which would account for the differences in 5(3), Spectra.— T h e  n m r sp e ctra  w ere record ed  w ith  A-56/60 and
J 13 and J i4, when compared with the same parameters HA-100 n m r sp e ctro m e te rs . A CEC 21-104 m ass sp e ctro m ete r 

of fumaryl fluoride. w as used m  record m g th e  m ass sPectral d a ta .

Registry No.— I, 24647-21-0; II , 692-71-7; fumaryl 
F— /  \ = 0  fluoride, 24647-23-2; fumaryl chloride fluoride, 24647-

0  F  2 4 -3 .

11 Acknowledgment.—W e wash to thank Miss Verneda
The small negative coupling constant, J 14, in fuma- f r i g h t  for technical assistance and Mr. W alter Boyd

ryl fluoride appears to be real. In  the calculations for f 1?  m  obtaining the fluorine nmr spectra. The
it was originally assigned a value of zero. Allowing sPectura were recorded on an HA- 1 0 0  nmr spectrometer
it to vary to the value listed results in an improved cal- P u r c h a s ^  with the aid of a grant from the National
culated spectrum. To further substantiate this, fuma- cience oun a ion.
ryl chloride fluoride was prepared and its nmr spec- ________________
trum analyzed. I t  is possible to determine the rela­
tive signs of the coupling constants from the analysis G eo m etrica l Iso m ers o f  B isim in es o f
of this A B X  spectrum and indeed J AX is opposite to T e tra m e th y l-l,3 -c y c lo b u ta n e d io n e
J b x - The parameters are as follows: 5A 6.923 ppm,
5b 7.143 ppm (from TM S), 5 x 3 1 .4 1 4  ppm (downfield J a m e s  J .  W o rm a n  a n d  E d w a r d  A. S c h m id t

from CFC13) ( J a b  =  ± 1 5 .6 0 , J AX =  ± 7 .1 1 , and J Bx
— ^  0-28 cps). Since the magnitude of the coupling Department o j Chemistry, South D akota State University,
constants here are very nearly the same as those of Brookings, South D akota 57006
fumaryl fluoride it is reasonable to assume that the
sign J 14 is opposite to J 13 in fumaryl fluoride. Received December 17, 1969

Compound I has been identified solely from its nmr
spectrum. This product should not be unexpected Geometric isomerism of aliphatic and aromatic 
since SF 4 is reported1 to react with carbonyl groups to azomethines has been studied extensively by nmr. 1 - 3

give (/em-difluoro compounds. The proton and fluorine The configuration about the carbon-nitrogen double
spectra are consistent with the A B X 2 type expected. bond was established by the use of long-range coupling
The parameters are as follows: 5A 6.501 ppm, 5B constants and by variable-temperature studies. More
7.411 ppm (from TM S), 5X —83.5 ppm (upfield from recently a report on the nmr conformational analysis of
CFCI3) ( J a b  =  5.7, J AX =  0.8 and J BX =  0.9 cps). conjugated diimines has appeared . 4 The factors in-
The c is  H H  coupling ( J Ab ) is identical with the c is  fluencing isomerization about the azomethine grouping
HH coupling in maleic anhydride.6 are still only vaguely understood. 6

An unambiguous assignment of the protons A and B  W e wish to report the first example of geometrical 
is not possible. I t  is more likely that the low field isomerization cf bisimines of alicyclic 3  diketones,
proton is the one 3  with respect to the carbonyl group Steric crowding as well as transannular participation
and this assignment is chosen here. The small three- are two factors which may influence the position of
bond H F coupling is not unreasonable7 since the di- equilibrium about the carbon-nitrogen double bond
hedral angle is about 60 degrees. making these systems unique.

The bisimines 2 -5  were prepared by the reaction of 
Experimental Section tetramethyl-l,3-cvclobutanedione (1 ) with 2 mol of the

Fumaryl Fluoride.— A 2 : 1  m o lar ra tio  of a n tim o n y  triflu orid e ^
an d  fu m a ry l ch lorid e w as stirre d  an d  h e a te d  a t  1 0 0 °  fo r a b o u t 1 CH3 q

h r .  T h e  m ore v o la t ile  fu m a ry  flu oride (bp 106  ) w as th e n  d is- _________ ^  _________ J
tilled from the mixture and subsequently identified by nmr and 2RNH, , „ TT ^
mass spectroscopy. _ ^tt ^tt +

Fumary Chloride Fluoride.— A 2 : 1  m o lar ra t io  of fu m a ry l chlo- CH3 ^  CH3
rid e and a n tim o n y  triflu o rid e  w as h e a te d  fo r  a b o u t 1 h r  a t  1 0 0 ° .  O q h 3
F u m a ry l ch lorid e flu oride w as n o t co m p le te ly  sep ara te d  fro m  R
fu m ary l ch lorid e b u t  a n  en rich ed  sam p le (a p p ro x im a te ly  8 0 % )  2 - 5  (cis and trans)
w as p rep ared  b y  v a cu u m  tr a p -to -tr a p  d is tilla tio n . T h e  com - 2  p  =  piie n y i
p ou nd  w as id en tified  b y  i ts  A B X  n m r p a t te r n . p  _ P„HnViPvvl

Reaction of Maleic Anhydride with Sulfur Tetrafluoride.—A Ly ‘‘ y
1 1 .3 -g  (0 .1 2  m o l) sam p le o f m ale ic  an h y d rid e w as w eighed in to  4 > R -  o -m ethoxy p h eny
a  12o-m l m on el cy lin d er f it te d  w ith  a  need le v a lv e . T h e  cy lin d er 5, R  =  o-chlorophenyl
and its  co n te n ts  w ere v a cu u m  d egassed . S u lfu r te tra flu o rid e
(0.23 mol) was vacuum transferred and condensed into the appropriate amine according to previously described
cyhnder. Following a heatmg period of about 5 hr at 7o-80 procedures .6 All spectral properties and elemental
the cylinder was allowed to cool to room temperature and the ^ . f  , . . ,  , ,
volatile components were vented. Small amounts of dissolved analyses were consistent With the structures.
SF, an d  H F w ere rem ov ed  b y  v acu u m  d egassin g . P a r t ia l  ,  XT , T . . . .  _ .  . . . . .
sep a ra tio n  Of m aleo y l flu oride w as ach iev ed  b y  v a cu u m  tr a p -to -  Karabatsos and s. S. Lande, Tetrahedron. 24, 3907 (1968), and
tra p  tra n s fe r . T h e  p ro d u ct w as id en tified  b y  its  n m r an d  m ass referencestherein.
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A t the probe tem perature of 35° in CC14 the protons 2 or 3 because of the contribution of resonance stru c-
of the m ethyl groups of tetram eth yl-1 ,3-cyclob u tan e- tures, of which 5a  is a  single contributing form, and
dione (1) exhibit a  single sharp resonance a t  3 1 .29. inductive effects (5b) which im part p artial single-bond 
U nder the sam e conditions the m ethyl groups of the ch aracter to  the azomethine linkage. Sim ilar reso- 
bisimine derivatives show proton resonance a t  three nance structures are less predom inant in 2 and absent 
distinct field positions (Table I ) . in 3.

¿+
T a b l e  I  01 CH3 CH3 q

M e t h y l  R eso n a n ces o f  B is im in e s  o f  ___I y 'N  J| 
T et r a m et h y l-1 ,3 -cyc lo bu ta n ed io n e  /  \ - N = <  U>— N = < \

------------------- 8, ppm“------------------- - y /
Compd trans c is  /  \

2 1 .26  1 .0 1 ,1 .5 2  C 3 0  3
3 1 .32  1 .2 0 ,1 .4 7  5a
4 1 .22  0 .8 9 ,1 .5 5  C1 CH3 CH3 Q
5 S 1 .33  (broad singlet) __ I :J__

“ 5 values are reported in CC14 at a probe temperature of 35° f /  \ __ ... /  \
using TMS as the internal standard. \ _ _ /  = \. /  \  /

T h e observed resonances are attrib u ted  to  m ixtures CH3 CH3
of cis and trans isomers. There are nonequivalent 5b
m ethyl groups for the cis  isomers to  which the combined
high- and low-field singlets have been attrib u ted . T h e I t  is impossible on the 60-M H z instrum ent to  d etect 
proton resonance of the equivalent m ethyl groups of the two separate o-m ethyl resonances for the cis and trans
trans isomers is assigned to the interm ediate field isomers of 4. T he 100-M H z spectrum  shows two
singlet which is the m ost intense. T h e high- and low- distinct singlets with a  separation of 2 H z. T h e more
field singlets of the cis isomer are of equal area and intense low-field singlet represents the o-m ethyl reso-
represent approxim ately 3 3 %  of the product m ixture. nance of the trans isomer.
T o  verify the isomerization the nm r spectra of 2, 3 , and
5 were observed a t  different tem peratures. W hen the Experimental Section
tem perature was raised, the three separate singlets of
compound 2 coalesced to one broad singlet a t  a  tern- ^ ^ e a r  resonance spectra were observed at 60 and

perature of 100 . A  sim dar phenomenon w as observed and low temperature studies in CCU. The temperature was
for compound 3. In  the la tte r case, however, the controlled to ± 2 °  using the Varian V-6040 temperature con-
coalescence tem perature was 165° which m ay be due to  troller.
the m ore bulky cyclohexyl r ings On cooling the The bisimines were prepared according to a procedure described
samples to  room  tem perature the proton resonance of Hasek'6 All spectral properties were consistent with the

the m ethyl groups gradually returned to th a t of the AnaL Calcd for 4: c> 75.40. H> 7 .4S. Found: Cj 74.44;
original spectrum  taken a t  35° and possessed the sam e H, 7.49. Calcd for 5: C, 66 .8 6 ; H, 5.61. Found; C, 66.39;
cis to trans ratio . T h a t isom erization was being ob- H, 5.89.

served and th a t it was not simply restricted  rotation  R egistry  N o . - m - 2 ,  24627 -15 -4 ; trans-2 , 24627-
about the R  group attach ed  to the nitrogen is demon- 16_5 ^ - 3 , 2 4 6 2 7 - 1 7 - 6 ;  trans-3, 2462 7 -1 8 -7 ; cis-4 ,
strated . Compound 5 a t  35 shows a  broad singlet for 24627 -1 9 -8 ; trans-4 , 24627 -20 -1 ; cis-5 , 2 4 6 2 7 - 2 1 - 2 ;
the proton resonance of the m ethyl groups, whereas trans-5 24627-22-3
three distinct singlets are observed a t  10°. If simple ’
ro tation  barriers were being observed, 3 would be Acknow ledgm ent.— T he authors wish to thank D r.
expected to require a  lower coalescence tem perature W illiam  S. W adsw orth, J r . ,  for his helpful discussions
than 5, and this is n ot observed. On the other hand, if and D r. D avid A. Nelson of the U niversity  of W yom ing
cis-trans isomerization is being observed, 5 would be for his helpful discussions and for performing the 100-
expected to have a lower coalescence tem perature than M H z nm r experiment.
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